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Intel® oneAPIMath Kernel Library

The Intel® oneAPI Math Kernel Library (oneMKL) improves performance with math routines for software appli-
cations that solve largecomputational problems. oneMKLprovidesBLASandLAPACK linear algebra routines,
fast Fourier transforms, vectorizedmath functions, random number generation functions, and other functional-
ity.

What’s New

This publication describes theData Parallel C++ (DPC++) interface.

DPC++ is ISO C++ plus Khronos SYCL with Intel extensions. For more information, see Intel® oneAPI DPC++
Compiler.

Basic LinearAlgebraSubprograms (BLAS) The BLAS routines provide vector, matrix-vector, and matrix-
matrix operations.

SparseBLAS TheSparseBLAS routines provide basic operations on sparse vectors andmatrices.

LAPACK TheLAPACK routines solve systemsof linear equations, least square problems, eigenvalue and sin-
gular value problems, and Sylvester’s equations.

RandomNumberGenerators The Random Number Generators provides a set of routines implementing
commonlyusedpseudorandomandquasi-randomgeneratorswithcontinuousanddiscretedistributions.

SummaryStatistics SummaryStatistics provides routines that compute basic statistical estimates for single
and double precisionmulti-dimensional datasets.

VectorMathematics Functions TheVectorMathematical Functions compute coremathematical functions
on vector arguments.

FourierTransformFunctions The Fourier Transform Functions offer several options for computing Fast
Fourier Transforms (FFTs).

DataFitting TheData Fitting provides spline-based interpolation capabilities that can be used for spline con-
struction (Linear, Cubic, Quadratic etc.), to perform cell-search operations, and to approximate functions,
function derivatives, or integrals.

Product and Performance Information
Performance varies by use, configuration and other factors. Learn more at https://www.intel.com/
PerformanceIndex. Notice revision #20201201
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Intel® oneAPIMath Kernel Library

1.0 What’sNew

This developer referencedocuments the Intel® oneAPIMathKernel Library (oneMKL) release for theData Par-
allel C++ (DPC++) interface. The manual has been updated to reflect enhancements to the product as well as
improvements and error corrections.

Product and Performance Information
Performance varies by use, configuration, and other factors. Learn more at https://www.intel.com/
PerformanceIndex. Notice revision #20201201
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2.0 Introduction to the Intel® oneAPI Math Kernel Library
(oneMKL)BLASandLAPACKwithDPC++

This guide provides an overview of the Intel® oneAPI Math Kernel Library (oneMKL) BLAS (Basic Linear Al-
gebra Subprograms) and LAPACK (Linear Algebra Package) application programming interfaces for theData
Parallel C++ (DPC++) implementation of SYCL. It is aimed at userswhohavehad someprior experiencewith the
standard BLAS and LAPACKAPIs.

In general, theDPC++APIs forBLASandLAPACKare similar to the standardBLASandLAPACKAPIs, sharing
the same routinenamesandargument orders. Unlike standard routines, however, DPC++ routines aredesigned
to run asynchronously on a compute device (CPU or GPU) and typically use device memory for inputs and
outputs. To support this functionality, the data types of many arguments have changed and each routine takes
an additional argument (a DPC++ queue), which specifies where the routine should be executed. There are
several smaller API changes that are described below.

In oneMKL, all DPC++ routines and associated data types belong to the oneapi::mkl namespace. CPU-
based oneMKL routines are still available via the C interface (which uses the global namespace). Additionally,
eachBLAS-specific routine is in theoneapi::mkl::blas,oneapi::mkl::blas::column_major, andoneapi:
:mkl::blas::row_major namespaces.

By default, column major layout is assumed for all BLAS functions in the oneapi::mkl::blas namespace.
BLAS functions in the oneapi::mkl::blas::column_major namespace can also be used whenmatrices are
stored using column major layout. To use row major layout to store matrices, BLAS functions in the oneapi:
:mkl::blas::row_major namespace must be used. For example, oneapi::mkl::blas::gemm is the DPC++
routine for matrix multiplication using column major layout for storing matrices, while ::{cblas_}{s, d, c,
z}gemm is the traditional CPU-based version. Currently, LAPACK DPC++ APIs do not support matrices stored
using rowmajor layout.

2.1 DifferencesbetweenStandardBLAS/LAPACKandDPC++oneMKLAPIs

2.1.1 Naming—BLASOnly

DPC++ BLAS APIs are templated on precision. For example, unlike standard BLAS API having four different
routines for GEMM computation with names based on precision (sgemm, dgemm, cgemm and zgemm), the DPC++
BLAShas only one entry point forGEMMcomputation named gemm accepting float, double, half, bfloat16,
std::complex<float>, and std::complex<double> data types.

2.1.2 References

All DPC++ objects (buffers and queues) are passed by reference, rather than by pointer. Other parameters are
typically passed by value.
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2.1.3 Queues

Every DPC++ BLAS and LAPACK routine has an extra parameter at the beginning: A DPC++ queue (type
queue&), where computational tasks are submitted. A queue can be associated with the host device, a CPU
device, or a GPU device. In the pre-alpha release of DPC++, the CPU and GPU devices are supported for all
BLAS functions. Refer to theOverview of Intel® oneAPI Math Kernel Library (oneMKL) LAPACK for DPC++
documentation for a complete list of supported LAPACK functions onCPU andGPUdevices.

2.1.4 Vector andMatrixTypes

DPC++ has twoAPIs for storing data on a device and sharing data betweendevices and the host: the bufferAPI
and the unified sharedmemory (USM)API. DPC++ BLAS and LAPACK routines support both APIs.

With the buffer API, vector and matrix inputs to DPC++ BLAS and LAPACK routines are DPC++ buffer types.
Currently, all buffers must be one-dimensional, but you can use DPC++’s buffer::reinterpret() member
function to convert a higher-dimensional buffer to a one-dimensional one.

For the USM API, vector and matrix inputs to DPC++ BLAS and LAPACK routines are pointers of the appro-
priate type, but the pointers must point to memory allocated by one of the DPC++ USM allocation routines (eg
malloc_host, malloc_shared, or malloc_device). Memory that is allocatedwith the usual malloc or new rou-
tines cannot be used in the Intel® oneAPIMath Kernel Library (oneMKL)DPC++ interfaces.

For example, the gemv routine takes amatrix A and vectors x, y. For the real double precision case, eachof these
parameters has types:

• double* in standard BLAS;

• buffer<double,1>& in DPC++ BLASwith the buffer API;

• double* inDPC++BLASwith theUSMAPI, with the restriction that thememory thepointer refers tomust
be allocated in a device-accessible way using aDPC++USMallocation routine.

2.1.5 Scalars

Scalar inputs are passed by value for all BLAS functions.

2.1.6 ComplexNumbers

In DPC++, complex numbers are represented with C++ std::complex types. For instance, MKL_Complex8 can
be replaced by std::complex<float>.

This is true for scalar, vector, andmatrixarguments. For instance, adouble-precisioncomplexvectorwouldhave
type buffer<std::complex<double>,1>.

2.1.7 ReturnValues

Some BLAS and LAPACK routines (dot, nrm2, lapy2, asum, iamax) return a scalar result as their return value.
InDPC++, to support asynchronous computation, these routines take an additional buffer argument that occurs
at the end of the argument list. The result value is stored in this buffer when the computation completes. These
routines, like the other DPC++ routines, have a return type of void.
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2.1.8 ComputationOptions (CharacterParameters)

StandardBLASandLAPACKusespecial alphabeticcharacters tocontroloperations: transpositionofmatrices,
storage of symmetric and triangular matrices, etc. In DPC++, these special characters are replaced by scoped
enum types for extra type safety.

For example, theBLASmatrix-vectormultiplication dgemv takes a character argument trans, which canbeone
of N or T, specifyingwhether the inputmatrix A should be transposed beforemultiplication.

In DPC++, trans is a member of the scoped enum type oneapi::mkl::transpose. You can use the traditional
character-based names oneapi::mkl::transpose::N and oneapi::mkl::transpose::T, or the equivalent,
more descriptive names oneapi::mkl::transpose::nontrans and oneapi::mkl::transpose::trans.

See theData Types for more information on the new types.

2.2 Matrix Layout (RowMajor andColumnMajor)

The standard BLAS and LAPACK APIs require a Fortran layout for matrices (column major), where matrices
are stored column-by-column in memory and the entries in each column are stored in consecutive memory lo-
cations. oneMKL for DPC++ likewise assumes this matrix layout. Rowmajor layout is not supported directly, but
you can still use DPC++ BLASby treating rowmajor matrices as transposed columnmajor matrices.

2.2.1 Example forBLAS

Below is a short excerpt of a program calling standard BLAS dgemm:

double *A = …, *B = …, *C = …;
double alpha = 2.0, beta = 3.0;

int m = 16, n = 20, k = 24;
int lda = m, ldb = n, ldc = m;

dgemm(“N”, “T”, &m, &n, &k, &alpha, A, &lda, B, &ldb, &beta, C, &ldc);

TheDPC++ equivalent of this excerpt would be as follows:

using namespace cl::sycl;
using namespace mkl;

queue Q(…);
buffer A = …, B = …, C = …;
int m = 16, n = 20, k = 24;
int lda = m, ldb = n, ldc = m;
blas::gemm(Q, transpose::N, transpose::T, m, n, k, 2.0, A, lda, B, ldb, 3.0, C, ldc);
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2.2.2 Example for LAPACK

Below is a short excerpt of a program calling a standard LAPACK dgetrf (LU factorization):

double *A = …;

MKL_INT m = 16, n = 20;
MKL_INT lda = m;
MKL_INT ipiv[m];

dgetrf(&m, &n, A, &lda, ipiv, &info);

TheDPC++ equivalent of this excerpt would be as follows:

using namespace cl::sycl;
using namespace mkl;

queue Q(…);
buffer<double,1> A = …;
int64_t m = 16, n = 20;
int64_t lda = m;
buffer<int64_t,1> ipiv(range<1>(m));

dgetrf(Q, m, n, A, lda, ipiv, info);
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3.0 Overview of Intel® oneMKL BLAS Routines for Data Parallel
C++

The following pages describe the oneMKL BLAS routines for Data Parallel C++ (DPC++), all of which are de-
clared in the header file oneapi/mkl/blas.hpp.

Several conventions are used throughout this document:

• All oneMKL for DPC++ data types and non domain specific functions are inside the oneapi::mkl::
namespace.

• All oneMKLBLAS functions for DPC++ are inside the oneapi::mkl::blas namespace.

• The routines are templated on precision. Each routine has a table detailing the supported precisions.

3.1 DeviceSupport

DPC++ supports the following types of devices:

• CPUdevice: Performs computations on aCPUusingOpenCL™.

• GPUdevice: Performs computations on aGPU.

In the current release of oneMKL BLAS for DPC++, all standard Level1, Level2, and Level3 BLAS routines and
the BLAS extensions support CPU andGPUdevices.
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4.0 Overview of Intel® oneAPI Math Kernel Library (oneMKL)
SparseBLAS forDPC++

The following pages describe the oneMKL Sparse BLAS computational routines for DPC++ in detail. These
routines, alongwithotherhelper routines (seeSparseBLASRoutines for the full list), aredeclared in theheader
file oneapi/mkl/spblas.hpp.

Several conventions are used throughout this document:

• All oneMKLDPC++ functions and data types are inside the mkl namespace.

• For brevity, the sycl namespace is omitted from DPC++ object types such as buffers and queues.
For example, a single-precision, 1D buffer A would be written buffer<float,1> &A instead of sycl::
buffer<float,1> &A.

• The routines are overloaded on precision. Each routine has a table detailing the supported precisions.

4.1 DeviceSupport

DPC++ supports several types of devices:

• CPUdevice: Performs computations on aCPUusingOpenCL™.

• GPUdevice: Performs computations on aGPUusingOpenCL™ or Level Zero.

Each routine details the device types that are currently supported.

In the current releaseof oneMKLDPC++SparseBLAS, all listed routines support useonCPUandGPUdevices
(unless otherwise noted) with the Compressed Sparse Row (CSR)matrix format.

Routine Data Types Description
Level 2:
sparse::gemv float, double General sparsematrix-dense vector product
sparse::gemvdot float, double General sparse matrix-dense vector product with fused dot

product
sparse::symv float, double Symmetric sparsematrix-dense vector product
sparse::trmv float, double Triangular sparsematrix-dense vector product
sparse::trsv float, double Triangular solve of sparsematrix against a dense vector.
Level 3:
sparse::gemm float, double General sparsematrix-densematrix product with densematrix

output
sparse::matmat float, double General sparsematrix-sparsematrixproductwithsparsematrix

output. Supports CPU andGPUdevices.

11
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5.0 Overview of Intel® oneAPI Math Kernel Library (oneMKL)
LAPACKforDPC++

The followingpages describe the oneMKLLAPACK routines forDPC++ in detail, all of which are declared in the
header file oneapi/mkl/lapack.hpp.

Several conventions are used throughout this document:

• All oneMKL for DPC++ functions and data types are inside the mkl namespace.

• For brevity, the cl::sycl namespace is omitted from DPC++ object types, such as buffers and queues.
For example a single-precision, 1D buffer A would be written buffer<float,1> &A instead of sycl::
buffer<float,1> &A.

• A questionmark (?) in a routine name stands for one or more characters (typically one of s, d, c, z) spec-
ifying the precision of the operation. Each routine has a table detailing the supported precisions and as-
sociated routine names.

5.1 DeviceSupport

DPC++ supports several types of devices:

• CPUdevice: Performs computations on aCPUusingOpenCL™.

• GPUdevice: Performs computations on aGPU.

Each routine details the device types are currently supported.

In the current release of oneMKL LAPACK for DPC++, all routines support at least CPU devices. GPU devices
are supported in the current release only for the following routines:

Routines
getrf (all precisions)
getrs (all precisions)
trtrs (all precisions)
potrf (real precisions)
potrs (real precisions)
getri (real precisions)

13
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6.0 DataTypes

6.1 BLASandLAPACKDataTypes

Intel® oneAPIMathKernel Library (oneMKL)BLASandLAPACK forDataParallel C++ (DPC++) introduces sev-
eral new enumeration data types, which are type-safe versions of the traditional Fortran characters in BLAS
andLAPACK.They are declared in oneapi/mkl/types.hpp, which is included automaticallywhen you include
oneapi/mkl/blas.hpp or oneapi/mkl/lapack.hpp. Like all oneMKL DPC++ functionality, they belong to the
namespace oneapi::mkl::.

Eachenumeration valuecomeswith twonames: Asingle-character name (the traditionalBLAS/LAPACKchar-
acter) and a longer, descriptive name. The twonames are exactly equivalent andmaybeused interchangeably.

6.1.1 Transpose

The transpose type specifieswhether an inputmatrix should be transposed and/or conjugated. It can take the
following values:

Short
Name

Long Name Description

transpose:
:N

transpose::
nontrans

Do not transpose or conjugate thematrix.

transpose:
:T

transpose::
trans

Transpose thematrix.

transpose:
:C

transpose::
conjtrans

Perform Hermitian transpose (transpose and conjugate). Only appli-
cable to complexmatrices.

6.1.2 Uplo

Theuplo typespecifieswhether the lowerorupper triangleofa triangular, symmetric, orHermitianmatrixshould
be accessed. It can take the following values:

Short Name Long Name Description
uplo::U uplo::upper Access the upper triangle of thematrix.
uplo::L uplo::lower Access the lower triangle of thematrix.

In both cases, elements that are not in the selected triangle are not accessed or updated.

15
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6.1.3 Diag

The diag type specifies the values on the diagonal of a triangular matrix. It can take the following values:

Short
Name

Long
Name

Description

diag::N diag::
nonunit

Thematrix is not unit triangular. The diagonal entries are stored with the matrix
data.

diag::U diag::
unit

Thematrix is unit triangular (the diagonal entries are all 1s). Thediagonal entries
in thematrix data are not accessed.

6.1.4 Side

The side type specifies the order of matrix multiplication when one matrix has a special form (triangular, sym-
metric, or Hermitian):

Short Name Long Name Description
side::L side::left The special formmatrix is on the left in themultiplication.
side::R side::right The special formmatrix is on the right in themultiplication.

6.1.5 Offset

The offset type specifies whether the offset to apply to an output matrix is a fix offset, column offset or row
offset. It can take the following values

Short
Name

Long
Name

Description

offset:
:F

offset:
:fix

The offset to apply to the output matrix is fix, all the inputs in the C_offsetmatrix
has the same value given by the first element in the co array.

offset:
:C

offset:
:column

The offset to apply to the output matrix is a column offset, that is to say all the
columns in the C_offsetmatrix are the same and given by the elements in the co
array.

offset:
:R

offset:
:row

The offset to apply to the output matrix is a row offset, that is to say all the rows in
the C_offsetmatrix are the same and given by the elements in the co array.

6.2 VectorMathDataTypes

oneMKL VM for Data Parallel C++ (DPC++) introduces a slice type, available in the oneapi::mkl namespace.
Slices are used in the DPC++ VM Strided APIs. oneMKL slices accept positive, zero, and negative strides, for
forward, static, and backward traversals of a vector, respectively.

16
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Constructors Description
slice() Default constructor equivalent to slice(0, 0, 0).
slice(std::size_t start, std::size_t
size, std::int64_t stride)

Slice defining the start index, the number of values to select,
and the stride between two elements.

slice(const slice & other) Copy constructor.

For example:

• slice(1, 5, 2) defines a selector of elements at indices 1, 3, 5, 7, 9 in a buffer or array;

• slice(0, 5, 0) defines a selector of a single element at index 0, repeated five times;

• slice(9, 4, -3) defines a selector of elements at indices 9, 6, 3, 0.

A slice is considered invalid if it produces negative indices. A slice of size 0 selects no element. If a slice may
cause out-of-boundsmemory accesses, the behavior is undefined.

The behavior of VMStridedAPIs usedwith invalid or non-equal slices is configurablewith several oneMKLVM
mode values. See the set_mode function for possible values and their descriptions.

In the slice_cyclicmode, zero-sized slices are invalid.
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7.0 MatrixStorage

The oneMKLBLASand LAPACK routines for DPC++ use several matrix and vector storage formats. These are
the same formats used in traditional Fortran BLAS/LAPACK.

7.1 GeneralMatrix

AgeneralmatrixAofm rowsandncolumnswith leadingdimensionlda is representedasaonedimensional array
a of size of at least lda * n if column major layout is used and at least lda*m if row major layout is used. Before
entry in any BLAS function using a general matrix, the leading m by n part of the array amust contain thematrix
A. For column (respectively, row)major layout, the elements of each column (respectively, row) are contiguous
inmemorywhile the elements of each row (respectively, column) are at distance lda from the sameelements in
the previous row (respectively, column).

Visually, thematrix

A =


A11 A12 A13 . . . A1n

A21 A22 A23 . . . A2n

A31 A32 A33 . . . A3n
...

...
...

. . .
...

Am1 Am2 Am3 . . . Amn


is stored inmemory as an array

For columnmajor layout

a=[A11, A21, A31, ..., Am1, ∗, ..., ∗︸ ︷︷ ︸
lda

, A12, A22, A32, ..., Am2, ∗, ..., ∗︸ ︷︷ ︸
lda

, ..., A1n, A2n, A3n, ..., Amn, ∗, ..., ∗︸ ︷︷ ︸
lda︸ ︷︷ ︸

lda x n

]

For rowmajor layout

a=[A11, A12, A13, ..., A1n, ∗, ..., ∗︸ ︷︷ ︸
lda

, A21, A22, A23, ..., A2n, ∗, ..., ∗︸ ︷︷ ︸
lda

, ..., Am1, Am2, Am3, ..., Amn, ∗, ..., ∗︸ ︷︷ ︸
lda︸ ︷︷ ︸

mx lda

]

7.2 TriangularMatrix

A triangular matrix A of n rows and n columns with leading dimension lda is represented as a one dimensional
array a, of a size of at least lda * n. When column (respectively, row) major layout is used, the elements of each
column (respectively, row) are contiguous inmemorywhile theelements of each row (respectively, column) are
at distance lda from the same elements in the previous row (respectively, column).

Before entry in any BLAS function using a triangular matrix,
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• If upper_lower = uplo::upper, the leading n by n upper triangular part of the array amust contain the
upper triangular part of the matrix A. The strictly lower triangular part of the array a is not referenced. In
other words, thematrix

A =


A11 A12 A13 . . . A1n

∗ A22 A23 . . . A2n

∗ ∗ A33 . . . A3n
...

...
...

. . .
...

∗ ∗ ∗ . . . Ann


is stored inmemory as the array

– For columnmajor layout

a=[A11, ∗, ..., ∗︸ ︷︷ ︸
lda

, A12, A22, ∗, ..., ∗︸ ︷︷ ︸
lda

, ..., A1n, A2n, A3n, ..., Ann, ∗, ..., ∗︸ ︷︷ ︸
lda︸ ︷︷ ︸

lda x n

]

– For rowmajor layout

a=[A11, A12, A13, ..., A1n, ∗, ..., ∗︸ ︷︷ ︸
lda

, ∗, A22, A23, ..., A2n, ∗, ..., ∗︸ ︷︷ ︸
lda

, ..., ∗, ..., ∗, Ann, ∗, ..., ∗︸ ︷︷ ︸
lda︸ ︷︷ ︸

lda x n

]

• If upper_lower = uplo::lower, the leading n by n lower triangular part of the array amust contain the
lower triangular part of thematrix A. The strictly upper triangular part of the array a is not referenced. That
is, thematrix

A =


A11 ∗ ∗ . . . ∗
A21 A22 ∗ . . . ∗
A31 A32 A33 . . . ∗
...

...
...

. . .
...

An1 An2 An3 . . . Ann


is stored inmemory as the array

– For columnmajor layout

a=[A11, A21, A31, .., An1, ∗, ..., ∗︸ ︷︷ ︸
lda

, ∗, A22, A32, ..., An2, ∗, ..., ∗︸ ︷︷ ︸
lda

, ..., ∗, ..., ∗, Ann, ∗, ..., ∗︸ ︷︷ ︸
lda︸ ︷︷ ︸

lda x n

]

– For rowmajor layout

a=[A11, ∗, ..., ∗︸ ︷︷ ︸
lda

, A21, A22, ∗, ..., ∗︸ ︷︷ ︸
lda

, ..., An1, An2, An3, ..., Ann, ∗, ..., ∗︸ ︷︷ ︸
lda︸ ︷︷ ︸

lda x n

]
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7.3 BandMatrix

A general band matrix A of m rows and n columns with kl sub-diagonals, ku super-diagonals and leading di-
mension lda is represented as a one dimensional array a of size at least lda * n (respectively, lda * m) if column
(respectively, row)major layout is used.

Before entry in any BLAS function using a general band matrix, the leading (kl + ku + 1) by n (respectively, m)
part of the arrayamust contain thematrixA. Thismatrixmust be supplied column-by-column (respectively, row-
by-row), with themaindiagonal of thematrix in rowku (respectively, columnkl) of the array (0-based indexing),
the first super-diagonal starting at position 1 (respectively, 0) in row (ku – 1) (respectively, column (kl + 1)), the
first sub-diagonal starting at position 0 (respectively, 1) in row (ku + 1) (respectively, column (kl – 1)), and so on.
Elements in the array a that do not correspond to elements in the band matrix (such as the top left ku-by-ku
triangle) are not referenced.

Visually, thematrix A

A =



A11 A12 A13 ... A1,ku+1 ∗ ... ... ... ... ... ∗
A21 A22 A23 A24 ... A2,ku+2 ∗ ... ... ... ... ∗
A31 A32 A33 A34 A35 ... A3,ku+3 ∗ ... ... ... ∗
... A42 A43

. . . . . . . . . . . . . . . ∗ ... ...
...

Akl+1,1

... A53

. . . . . . . . . . . . . . . . . . ∗ ...
...

∗ Akl+2,2

...
. . . . . . . . . . . . . . . . . . . . . . . .

...
... ∗ Akl+3,3

. . . . . . . . . . . . . . . . . . . . . . . . ∗
...

... ∗
. . . . . . . . . . . . . . . . . . . . . . . . An−ku,n

...
...

... ∗
. . . . . . . . . . . . . . . . . . . . .

...
...

...
...

... ∗
. . . . . . . . . . . . . . . . . . Am−2,n

...
...

...
...

...
. . . . . . . . . . . . . . . . . . Am−1,n

∗ ∗ ∗ ... ... ... ∗ Am,m−kl ... Am,n−2 Am,n−1 Am,n


is stored inmemory as an array

For columnmajor layout

For rowmajor layout

The following program segment transfers a bandmatrix from conventional full matrix storage (variable matrix,
with leading dimension ldm) to band storage (variable a, with leading dimension lda):

21



Intel® oneAPIMath Kernel Library

• Using columnmajor layout

for (j = 0; j < n; j++) {
k = ku – j;
for (i = max(0, j – ku); i < min(m, j + kl + 1); i++) {

a[(k + i) + j * lda] = matrix[i + j * ldm];
}

}

• Using rowmajor layout

for (i = 0; i < m; i++) {
k = kl – i;
for (j = max(0, i – kl); j < min(n, i + ku + 1); j++) {

a[(k + j) + i * lda] = matrix[j + i * ldm];
}

}

7.4 TriangularBandMatrix

A triangular band matrix A of n rows and n columns with k sub/super-diagonals and leading dimension lda is
represented as a one dimensional array a of size at least lda * n.

Before entry in any BLAS function using a triangular bandmatrix,

• If upper_lower = uplo::upper, the leading (k + 1) by n part of the array amust contain the upper trian-
gular band part of thematrix A. When using columnmajor layout, thismatrixmust be supplied column-by-
column (respectively, row-by-row)with themain diagonal of thematrix in row (k) (respectively, column0)
of the array, the first super-diagonal starting at position 1 (respectively, 0) in row (k - 1) (respectively, col-
umn 1), and soon. Elements in the array a that do not correspond to elements in the triangular bandmatrix
(such as the bottom left k by k triangle) are not referenced.

Visually, thematrix

A =



A11 A12 A13 ... A1,k+1 ∗ ... ... ... ... ... ∗
∗ A22 A23 A24 ... A2,k+2 ∗ ... ... ... ... ∗
... ∗ A33 A34 A35 ... A3,k+3 ∗ ... ... ... ∗
...

... ∗
. . . . . . . . . . . . . . . ∗ ... ...

...
...

...
...

. . . . . . . . . . . . . . . . . . ∗ ...
...

...
...

...
...

. . . . . . . . . . . . . . . . . . . . .
...

...
...

...
...

...
. . . . . . . . . . . . . . . . . . ∗

...
...

...
...

...
...

. . . . . . . . . . . . . . . An−k,n

...
...

...
...

...
...

...
. . . . . . . . . . . .

...
...

...
...

...
...

...
...

...
. . . . . . . . . An−2,n

...
...

...
...

...
...

...
...
...
. . . . . . An−1,n

∗ ∗ ∗ ... ... ... ... ... ... ... ∗ An,n


is stored as an array
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• For columnmajor layout

a=[∗, ..., ∗︸ ︷︷ ︸
ku

, A11, ∗, ..., ∗

︸ ︷︷ ︸
lda

, ∗, ..., ∗︸ ︷︷ ︸
ku-1

, Amax(1,2−k),2, ..., A2,2, ∗, ...∗

︸ ︷︷ ︸
lda

, ..., ∗, ..., ∗︸ ︷︷ ︸
max(0,k-n+1)

, Amax(1,n−k),n, ..., An,n, ∗, ...∗

︸ ︷︷ ︸
lda︸ ︷︷ ︸

lda x n

]

• For rowmajor layout

a=[A11, A21, ..., Amin(k+1,n),1, ∗, ..., ∗︸ ︷︷ ︸
lda

, A2,2, ..., Amin(k+2,n),2, ∗, ..., ∗︸ ︷︷ ︸
lda

, ..., An,n, ∗, ...∗︸ ︷︷ ︸
lda︸ ︷︷ ︸

lda x n

]

The following program segment transfers a bandmatrix from conventional full matrix storage (variable matrix,
with leading dimension ldm) to band storage (variable a, with leading dimension lda):

• Using columnmajor layout

for (j = 0; j < n; j++) {
m = k – j;
for (i = max(0, j – k); i <= j; i++) {

a[(m + i) + j * lda] = matrix[i + j * ldm];
}

}

• Using rowmajor layout

for (i = 0; i < n; i++) {
m = –i;
for (j = i; j < min(n, i + k + 1); j++) {

a[(m + j) + i * lda] = matrix[j + i * ldm];
}

}

• If upper_lower = uplo::lower, the leading (k + 1) by n part of the array amust contain the upper trian-
gular band part of thematrix A. Thismatrixmust be supplied column-by-columnwith themain diagonal of
thematrix in row 0 of the array, the first sub-diagonal starting at position 0 in row 1, and so on. Elements in
the array a that do not correspond to elements in the triangular bandmatrix (such as the bottom right kby
k triangle) are not referenced.
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That is, thematrix

A =



A11 ∗ ... ... ... ... ... ... ... ... ... ∗
A21 A22 ∗ ... ... ... ... ... ... ... ... ∗
A31 A32 A33 ∗ ... ... ... ... ... ... ... ∗
... A42 A43

. . . . . . ... ... ... ... ... ...
...

Ak+1,1

... A53

. . . . . . . . . ... ... ... ... ...
...

∗ Ak+2,2

...
. . . . . . . . . . . . ... ... ... ...

...
... ∗ Ak+3,3

. . . . . . . . . . . . . . . ... ... ...
...

...
... ∗

. . . . . . . . . . . . . . . . . . ... ...
...

...
...

... ∗
. . . . . . . . . . . . . . . . . . ...

...
...

...
...

... ∗
. . . . . . . . . . . . . . . . . .

...
...

...
...

...
...
. . . . . . . . . . . . . . . . . . ∗

∗ ∗ ∗ ... ... ... ∗ An,n−k ... An,n−2 An,n−1 An,n


is stored as the array

• For columnmajor layout

a=[A11, A21, ..., Amin(k+1,n),1, ∗, ..., ∗︸ ︷︷ ︸
lda

, A2,2, ..., Amin(k+2,n),2, ∗, ..., ∗︸ ︷︷ ︸
lda

, ..., An,n, ∗, ...∗︸ ︷︷ ︸
lda︸ ︷︷ ︸

lda x n

]

• For rowmajor layout

a=[∗, ..., ∗︸ ︷︷ ︸
k

, A11, ∗, ..., ∗

︸ ︷︷ ︸
lda

, ∗, ..., ∗︸ ︷︷ ︸
k-1

, Amax(1,2−k),2, ..., A2,2, ∗, ...∗

︸ ︷︷ ︸
lda

, ..., ∗, ..., ∗︸ ︷︷ ︸
max(0,k-n+1)

, Amax(1,n−k),n, ..., An,n, ∗, ...∗

︸ ︷︷ ︸
lda︸ ︷︷ ︸

lda x n

]

The following program segment transfers a bandmatrix from conventional full matrix storage (variable matrix,
with leading dimension ldm) to band storage (variable a, with leading dimension lda):

• Using columnmajor layout

for (j = 0; j < n; j++) {
m = –j;
for (i = j; i < min(n, j + k + 1); i++) {

a[(m + i) + j * lda] = matrix[i + j * ldm];
}

}

• Using rowmajor layout

for (i = 0; i < n; i++) {
m = k – i;
for (j = max(0, i – k); j <= i; j++) {

a[(m + j) + i * lda] = matrix[j + i * ldm];
}

}

24



Intel® oneAPIMath Kernel Library

7.5 PackedTriangularMatrix

A triangular matrix A of n rows and n columns is represented in packed format as a one dimensional array a of
size at least (n*(n + 1))/2. All elements in the upper or lower part of the matrix A are stored contiguously in the
array a.

Before entry in any BLAS function using a triangular packedmatrix,

• If upper_lower = uplo::upper, the first (n*(n + 1))/2 elements in the array amust contain the upper tri-
angular part of thematrix A packed sequentially, column by column so that a[0] contains A11, a[1] and a[2]
contain A12 and A22 respectively, and so on. Hence, thematrix

A =


A11 A12 A13 . . . A1n

∗ A22 A23 . . . A2n

∗ ∗ A33 . . . A3n
...

...
...

. . .
...

∗ ∗ ∗ . . . Ann


is stored as the array

• For columnmajor layout

a=[A11,A12,A22,A13,A23,A33,...,A(n−1),n,Ann]

• For rowmajor layout

a=[A11,A12,A13,...,A1n,A22,A23,...,A2n,...,A(n−1),(n−1),A(n−1),n,Ann]

• If upper_lower = uplo::lower, if column (respectively, row) major layout is used, the first (n*(n + 1))/2
elements in the array amust contain the lower triangular part of the matrix A packed sequentially, column
bycolumn(respectively, rowby row)so thata[0]containsA11,a[1] anda[2]containA21 andA31 respectively,
and so on. Thematrix

A =


A11 ∗ ∗ . . . ∗
A21 A22 ∗ . . . ∗
A31 A32 A33 . . . ∗
...

...
...

. . .
...

An1 An2 An3 . . . Ann


is stored as the array

• For columnmajor layout

a=[A11,A21,A31,...,An1,A22,A32,...,An2,...,A(n−1),(n−1),An,(n−1),Ann]

• For rowmajor layout

a=[A11,A21,A22,A31,A32,A33,...,An,(n−1),Ann]
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7.6 Vector

Avector X of n elements with increment incx is represented as a one dimensional array x of size at least (1 + (n -
1) * abs(incx)).

Visually, the vector

X = (X1, X2, X3, ..., Xn)

is stored inmemory as an array

x=[X1, ∗, ..., ∗︸ ︷︷ ︸
incx

, X2, ∗, ..., ∗︸ ︷︷ ︸
incx

, ..., Xn−1, ∗, ..., ∗︸ ︷︷ ︸
incx

, Xn

︸ ︷︷ ︸
1 + (n-1) x incx

] if incx > 0

x=[Xn, ∗, ..., ∗︸ ︷︷ ︸
|incx|

, Xn−1, ∗, ..., ∗︸ ︷︷ ︸
|incx|

, ..., X2, ∗, ..., ∗︸ ︷︷ ︸
|incx|

, X1

︸ ︷︷ ︸
1 + (1-n) x incx

] if incx < 0
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8.0 ErrorHandling

oneMKL error handling relies on the mechanism of C++ exceptions. Should errors occur, they are propagated
at the point of a function call where they are caught using standardC++ error handlingmechanisms.

8.1 ExceptionClassification

Exception classification in oneMKL is aligned with C++ Standard Library classification. oneMKL introduces a
class that defines the base class in the hierarchy of oneMKL exception classes. All oneMKL routines throw ex-
ceptions inherited from this base class.

In the hierarchy of oneMKL exceptions, oneapi::mkl::exception is the base class inherited from the std::
exception class. All other oneMKL exception classes are derived from this base class.

Fig. 1: Hierarchy of oneMKL exceptions

All oneMKL problem-specific exceptions are listed in the following table.
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Exception Class Description
oneapi::mkl::
unsupported_device

Reports a problemwhen the routine is not supported on a specific device

oneapi::mkl::host_bad_-
alloc

Reports a problem that occurred duringmemory allocation on the host

oneapi::mkl::device_-
bad_alloc

Reports a problem that occurred during memory allocation on a specific
device

oneapi::mkl::
unimplemented

Reports a problem when a specific routine has not been implemented for
the specified parameters

oneapi::mkl::invalid_-
argument

Reports problemwhen arguments to the routine were rejected

oneapi::mkl::
uninitialized

Reports problemwhen a handle (descriptor) has not been initialized

oneapi::mkl::
computation_error

Reports any computation error that occurred inside the oneMKL routine

oneapi::mkl::batch_-
error

Reports errors that occurred inside batch oneMKL routines
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9.0 BLASRoutines

The Intel® oneAPIMathKernel Library provides aDataParallel C++ interface to someof theBLAS routines. The
routine descriptions are arranged in several sections:

• BLASLevel 1 Routines (vector-vector operations)

• BLASLevel 2 Routines (matrix-vector operations)

• BLASLevel 3 Routines (matrix-matrix operations)

• BLAS-like Extensions

9.1 BLASLevel 1 Routines

This section describes BLASLevel 1 routines, which perform vector-vector operations. The following table lists
the BLASLevel 1 routine groups and the data types associatedwith them.

29



Intel® oneAPIMath Kernel Library

Routine
Group

Data Types Description

asum float, double, mixed float and std::complex<float>, mixed
double and std::complex<double>

Sum of vector mag-
nitudes

axpy sycl::half, oneapi::mkl::bfloat16, float, double, std::
complex<float>, std::complex<double>

Scalar-vector prod-
uct

copy float, double, std::complex<float>, std::complex<double> Copy vector
dot sycl::half, oneapi::mkl::bfloat16, float, double, mixed float

and double
Dot product

sdsdot mixed float and double Dot product with
double precision

dotc std::complex<float>, std::complex<double> Dot product conju-
gated

dotu std::complex<float>, std::complex<double> Dot product uncon-
jugated

nrm2 sycl::half, oneapi::mkl::bfloat16, float, double, mixed
float and std::complex<float>, mixed double and std::
complex<double>

Vector 2-norm (Eu-
clidean norm)

rot sycl::half, oneapi::mkl::bfloat16, float, double, mixed
float and std::complex<float>, mixed double and std::
complex<double>

Plane rotation of
points

rotg float, double, std::complex<float>, std::complex<double> Generate Givens ro-
tation of points

rotm float, double Modified Givens
plane rotation of
points

rotmg float, double Generate modified
Givens plane rota-
tion of points

scal sycl::half, oneapi::mkl::bfloat16, float, double, std::
complex<float>, std::complex<double>, mixed float and std::
complex<float>, mixed double and std::complex<double>

Vector-scalar prod-
uct

swap float, double, std::complex<float>, std::complex<double> Vector-vector swap
iamax float, double, std::complex<float>, std::complex<double> Index of the maxi-

mum absolute value
element of a vector

iamin float, double, std::complex<float>, std::complex<double> Index of the mini-
mum absolute value
element of a vector
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9.1.1 asum

Computes the sumofmagnitudes of the vector elements.

Description

The asum routine computes the sumof themagnitudes of elements of a real vector, or the sumofmagnitudes of
the real and imaginary parts of elements of a complex vector. The operation is defined as:

result←
n∑

i=1

(|Re(Xi)|+ |Im(Xi)|)

where:

• x is a vector with n elements

asum supports the following precisions:

T Tres
float float
double double
std::complex<float> float
std::complex<double> double

asum(BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void asum(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<Tres,1> &result)

}

namespace oneapi::mkl::blas::row_major {
void asum(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<Tres,1> &result)

}
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InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vector x.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.

OutputParameters

result Buffer where the scalar result is stored.

asum(USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event asum(sycl::queue &queue,

std::int64_t n,
const T *x,
std::int64_t incx,
Tres *result,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event asum(sycl::queue &queue,

std::int64_t n,
const T *x,
std::int64_t incx,
Tres *result,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vector x.

x Pointer to input vector x. Size of the array holding vector xmust be least (1 + (n - 1)*abs(incx)). SeeMatrix
Storage for more details.

incx Stride of vector x.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.
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OutputParameters

result Pointer to where the scalar result is stored.

ReturnValues

Output event to wait on to ensure computation is complete.

9.1.2 axpy

Computes a vector-scalar product and adds the result to a vector.

Description

The axpy routines compute a scalar-vector product and add the result to a vector. The operation is defined as:

y ← alpha ∗ x+ y

where:

• x and y are vectors of n elements

• alpha is a scalar

axpy supports the following precisions:

T
sycl::half
oneapi::mkl::bfloat16
float
double
std::complex<float>
std::complex<double>

axpy (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void axpy(sycl::queue &queue,

std::int64_t n,
T alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy)

}
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namespace oneapi::mkl::blas::row_major {
void axpy(sycl::queue &queue,

std::int64_t n,
T alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy)

}

InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vector x.

alpha Specifies scalar alpha.

x Buffer holding input vector x. Size of the buffer must be at least (1 + (n – 1)*abs(incx)). SeeMatrix Storage
for more details.

incx Stride of vector x.

y Buffer holding input vector y. Size of the buffer must be at least (1 + (n – 1)*abs(incy)). SeeMatrix Storage
for more details.

incy Stride of vector y.

OutputParameters

y Buffer holding updated vector y.

Examples

An example of how to use axpy can be found in the oneMKL installation directory, under:

examples/dpcpp/blas/source/axpy.cpp

axpy (USMVersion)

Syntax
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namespace oneapi::mkl::blas::column_major {
sycl::event axpy(sycl::queue &queue,

std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
T *y,
std::int64_t incy,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event axpy(sycl::queue &queue,

std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
T *y,
std::int64_t incy,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vector x.

alpha Specifies scalar alpha.

x Pointer to input vector x. Size of the array holding vector xmust be at least (1 + (n – 1)*abs(incx)). SeeMatrix
Storage for more details.

incx Stride of vector x.

y Pointer to input vector y. Size of the array holding vector ymust be at least (1 + (n – 1)*abs(incy)). SeeMatrix
Storage for more details.

incy Stride of vector y.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.
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OutputParameters

y Pointer to updated vector y.

ReturnValues

Output event to wait on to ensure computation is complete.

9.1.3 copy

Copies a vector to another vector.

Description

The copy routines copy one vector to another. The operation is defined as:

y ← x

where:

• x and y are vectors of n elements

copy supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>

copy (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void copy(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy)

}
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namespace oneapi::mkl::blas::row_major {
void copy(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy)

}

InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vector x.

x Buffer holding input vector x. Size of the buffer must be at least (1 + (n – 1)*abs(incx)). SeeMatrix Storage
for more details.

incx Stride of vector x.

incy Stride of vector y.

OutputParameters

y Buffer holding updated vector y.

copy (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event copy(sycl::queue &queue,

std::int64_t n,
const T *x,
std::int64_t incx,
T *y,
std::int64_t incy,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event copy(sycl::queue &queue,

std::int64_t n,
const T *x,
std::int64_t incx,
T *y,
std::int64_t incy,
const std::vector<sycl::event> &dependencies = {})

}
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InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vector x.

x Pointer to the input vector x. Size of the array holding vector xmust be at least (1 + (n – 1)*abs(incx)). See
Matrix Storage for more details.

incx Stride of vector x.

incy Stride of vector y.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

y Pointer to updated vector y.

ReturnValues

Output event to wait on to ensure computation is complete.

9.1.4 dot

Computes the dot product of two real vectors.

Description

The dot routines perform a dot product between two vectors. The operation is defined as:

result =
n∑

i=1

XiYi

dot supports the following precisions:

T Tres
sycl::half sycl::half
oneapi::mkl::bfloat16 oneapi::mkl::bfloat16
float float
double double
float double

Note: Formixedprecisionversion (inputs are floatwhile result is double),dotproduct is computedwithdouble
precision.
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dot (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void dot(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
sycl::buffer<Tres,1> &result)

}

namespace oneapi::mkl::blas::row_major {
void dot(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
sycl::buffer<Tres,1> &result)

}

InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vectors x and y.

x Buffer holding input vector x. Size of the buffer must be at least (1 + (n – 1)*abs(incx)). SeeMatrix Storage
for more details.

incx Stride of vector x.

y Buffer holding input vector y. Size of the buffer must be at least (1 + (n – 1)*abs(incy)). SeeMatrix Storage
for more details.

incy Stride of vector y.

OutputParameters

result Buffer where the result (a scalar) will be stored.
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dot (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event dot(sycl::queue &queue,

std::int64_t n,
const T *x,
std::int64_t incx,
const T *y,
std::int64_t incy,
Tres *result,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event dot(sycl::queue &queue,

std::int64_t n,
const T *x,
std::int64_t incx,
const T *y,
std::int64_t incy,
Tres *result,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vectors x and y.

x Pointer to input vector x. Size of the array holding vector xmust be least (1 + (n – 1)*abs(incx)). SeeMatrix
Storage for more details.

incx Stride of vector x.

y Pointer to input vector y. Size of the array holding vector ymust be at least (1 + (n – 1)*abs(incy)). SeeMatrix
Storage for more details.

incy Stride of vector y.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.
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OutputParameters

result Pointer to where the result (a scalar) will be stored.

ReturnValues

Output event to wait on to ensure computation is complete.

9.1.5 dotc

Computes the dot product of two complex vectors, conjugating the first vector.

Description

Thedotc routinesperformadotproductbetween twocomplexvectors, conjugating thefirstone. Theoperation
is defined as:

result =
n∑

i=1

XiYi

dotc supports the following precisions:

T
std::complex<float>
std::complex<double>

dotc (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void dotc(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
sycl::buffer<T,1> &result)

}

namespace oneapi::mkl::blas::row_major {
void dotc(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
sycl::buffer<T,1> &result)

}
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InputParameters

queue The queuewhere the routine should be executed.

n The number of elements in vectors x and y.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx The stride of vector x.

y Buffer holding input vector y. Size of the buffermust be at least (1 + (n - 1)*abs(incy)). SeeMatrixStorage for
more details.

incy The stride of vector y.

OutputParameters

result The buffer where the result (a scalar) is stored.

dotc (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event dotc(sycl::queue &queue,

std::int64_t n,
const T *x,
std::int64_t incx,
const T *y,
std::int64_t incy,
T *result,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event dotc(sycl::queue &queue,

std::int64_t n,
const T *x,
std::int64_t incx,
const T *y,
std::int64_t incy,
T *result,
const std::vector<sycl::event> &dependencies = {})

}
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InputParameters

queue The queuewhere the routine should be executed.

n The number of elements in vectors x and y.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)). See
Matrix Storage for more details.

incx The stride of vector x.

y Pointer to input vector y. Size of the array holding input vector ymust be at least (1 + (n - 1)*abs(incy)). See
Matrix Storage for more details.

incy The stride of vector y.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

result The pointer to where the result (a scalar) is stored.

ReturnValues

Output event to wait on to ensure computation is complete.

9.1.6 dotu

Computes the dot product of two complex vectors.

Description

The dotu routines perform a dot product between two complex vectors. The operation is defined as:

result =
n∑

i=1

XiYi

dotu supports the following precisions:

T
std::complex<float>
std::complex<double>
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dotu (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void dotu(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
sycl::buffer<T,1> &result)

}

namespace oneapi::mkl::blas::row_major {
void dotu(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
sycl::buffer<T,1> &result)

}

InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vectors x and y.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.

y Buffer holding input vector y. The buffer must have size at least (1 + (n - 1)*abs(incy)). SeeMatrix Storage
for more details.

incy Stride of vector y.

OutputParameters

result Buffer where the result (a scalar) is stored.
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dotu (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event dotu(sycl::queue &queue,

std::int64_t n,
const T *x,
std::int64_t incx,
const T *y,
std::int64_t incy,
T *result,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event dotu(sycl::queue &queue,

std::int64_t n,
const T *x,
std::int64_t incx,
const T *y,
std::int64_t incy,
T *result,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vectors x and y.

x Pointer to the input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)).
SeeMatrix Storage for more details.

incx Stride of vector x.

y Pointer to input vector y. Size of the array holding input vector ymust be at least (1 + (n - 1)*abs(incy)). See
Matrix Storage for more details.

incy Stride of vector y.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.
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OutputParameters

result Pointer to where the result (a scalar) is stored.

ReturnValues

Output event to wait on to ensure computation is complete.

9.1.7 iamax

Finds the index of the element with the largest absolute value in a vector.

Description

The iamax routines return an index i such that x[i] has themaximumabsolute value of all elements in vector x
(real variants), or such that (|Re(x[i])| + |Im(x[i])|) is maximal (complex variants).

iamax supports the following precisions:

T
float
double
std::complex<float>
std:complex<double>

Note: The index is zero-based.

If either n or incx are not positive, the routine returns 0.

If more than one vector element is foundwith the same largest absolute value, the index of the first one encoun-
tered is returned.

If the vector contains NaN values, then the routine returns the index of the first NaN.

iamax (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void iamax(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T, 1> &x,
std::int64_t incx,
sycl::buffer<std::int64_t, 1> &result)

}
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namespace oneapi::mkl::blas::row_major {
void iamax(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T, 1> &x,
std::int64_t incx,
sycl::buffer<std::int64_t, 1> &result)

}

InputParameters

exec_queue The queuewhere the routine should be executed.

n The number of elements in vector x.

x The buffer that holds the input vector x. Size of the buffer must be at least (1 + (n - 1)*abs(incx)). SeeMatrix
Storage for more details.

incx The stride of vector x.

OutputParameters

result The buffer where the zero-based index i of themaximal element is stored.

Examples

An example of how to use iamax can be found in the oneMKL installation directory, under:

examples/dpcpp/blas/source/iamax.cpp

iamax (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event iamax(sycl::queue &queue,

std::int64_t n,
const T *x,
std::int64_t incx,
std::int64_t *result,
const std::vector<sycl::event> &dependencies = {})

}
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namespace oneapi::mkl::blas::row_major {
sycl::event iamax(sycl::queue &queue,

std::int64_t n,
const T *x,
std::int64_t incx,
std::int64_t *result,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

n The number of elements in vector x.

x The pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)).
SeeMatrix Storage for more details.

incx The stride of vector x.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

result The pointer to where the zero-based index i of themaximal element is stored.

ReturnValues

Output event to wait on to ensure computation is complete.

9.1.8 iamin

Finds the index of the element with the smallest absolute value in a vector

Description

The iamin routines return an index i such that x[i] has theminimum absolute value of all elements in vector x
(real variants), or such that (|Re(x[i])| + |Im(x[i])|) is minimal (complex variants).

iamin supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>
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Note: The index is zero-based.

If either n or incx are not positive, the routine returns 0.

Ifmore thanonevectorelement is foundwith thesamesmallest absolutevalue, the indexof thefirstoneencoun-
tered is returned.

If the vector contains NaN values, then the routine returns the index of the first NaN.

iamin (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void iamin(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<std::int64_t,1> &result)

}

namespace oneapi::mkl::blas::row_major {
void iamin(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<std::int64_t,1> &result)

}

InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vector x.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.

OutputParameters

result Buffer where the zero-based index i of theminimumelement is stored.
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iamin (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event iamin(sycl::queue &queue,

std::int64_t n,
const T *x,
std::int64_t incx,
std::int64_t *result,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event iamin(sycl::queue &queue,

std::int64_t n,
const T *x,
std::int64_t incx,
std::int64_t *result,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vector x.

x The pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)).
SeeMatrix Storage for more details.

incx Stride of vector x.

OutputParameters

result Pointer to where the zero-based index i of theminimumelement is stored.

ReturnValues

Output event to wait on to ensure computation is complete.
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9.1.9 nrm2

Computes the Euclidean norm of a vector.

Description

The nrm2 routines compute Euclidean norm of a vector. The operation is defined as:

result = ||x||

where:

• x is a vector of n elements

nrm2 supports the following precisions:

T Tres
sycl::half sycl::half
oneapi::mkl::bfloat16 oneapi::mkl::bfloat16
float float
double double
std::complex<float> float
std::complex<double> double

nrm2 (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void nrm2(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<Tres,1> &result)

}

namespace oneapi::mkl::blas::row_major {
void nrm2(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<Tres,1> &result)

}
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InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vector x.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.

OutputParameters

result Buffer where the Euclidean norm of the vector x is stored.

nrm2 (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event nrm2(sycl::queue &queue,

std::int64_t n,
const T *x,
std::int64_t incx,
Tres *result,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event nrm2(sycl::queue &queue,

std::int64_t n,
const T *x,
std::int64_t incx,
Tres *result,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vector x.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)). See
Matrix Storage for more details.

incx Stride of vector x.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.
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OutputParameters

result Pointer to where the Euclidean norm of the vector x is stored.

ReturnValues

Output event to wait on to ensure computation is complete.

9.1.10 rot

Performs rotation of points in the plane.

Description

Given two vectors x and y of n elements, the rot routines compute four scalar-vector products and update the
input vectors with the sumof two of these scalar-vector products. The operation is defined as:[

x
y

]
←
[

c ∗ x+ s ∗ y
−s ∗ x+ c ∗ y

]
If s is a complex type, the operation is defined as:[

x
y

]
←
[

c ∗ x+ s ∗ y
−conj(s) ∗ x+ c ∗ y

]
rot supports the following precisions:

T Tc Ts
sycl::half sycl::half sycl::half
oneapi::mkl::bfloat16 oneapi::mkl::bfloat16 oneapi::mkl::bfloat16
float float float
double double double
std::complex<float> float std::complex<float>
std::complex<double> double std::complex<double>
std::complex<float> float float
std::complex<double> double double

rot (BufferVersion)

Syntax
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namespace oneapi::mkl::blas::column_major {
void rot(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
Tc c,
Ts s)

}

namespace oneapi::mkl::blas::row_major {
void rot(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
Tc c,
Ts s)

}

InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vector x.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.

y Buffer holding input vector y. Size of the buffermust be at least (1 + (n - 1)*abs(incy)). SeeMatrixStorage for
more details.

incy Stride of vector y.

c Scaling factor.

s Scaling factor.

OutputParameters

x Buffer holding updated buffer x.

y Buffer holding updated buffer y.
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rot (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event rot(sycl::queue &queue,

std::int64_t n,
T *x,
std::int64_t incx,
T *y,
std::int64_t incy,
Tc c,
Ts s,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event rot(sycl::queue &queue,

std::int64_t n,
T *x,
std::int64_t incx,
T *y,
std::int64_t incy,
Tc c,
Ts s,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vector x.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)). See
Matrix Storage for more details.

incx Stride of vector x.

y Pointer to input vector y. Size of the array holding input vector ymust be at least (1 + (n - 1)*abs(incy)). See
Matrix Storage for more details.

incy Stride of vector y.

c Scaling factor.

s Scaling factor.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

55



Intel® oneAPIMath Kernel Library

OutputParameters

x Pointer to updated vector x.

y Pointer to updated vector y.

ReturnValues

Output event to wait on to ensure computation is complete.

9.1.11 rotg

Computes the parameters for a Givens rotation.

Description

Given the Cartesian coordinates (a, b) of a point, the rotg routines return the parameters c, s, r, and z asso-
ciatedwith theGivens rotation. The parameters c and s define a unitarymatrix such that:[

c s
−s c

]
·
[
a
b

]
=

[
r
0

]
The parameter z is defined such that if |a| > |b|, z is s; otherwise if c is not 0 z is 1/c; otherwise z is 1.

rotg supports the following precisions:

T Tc
float float
double double
std::complex<float> float
std::complex<double> double

rotg (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void rotg(sycl::queue &queue,

sycl::buffer<T,1> &a,
sycl::buffer<T,1> &b,
sycl::buffer<Tc,1> &c,
sycl::buffer<T,1> &s)

}
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namespace oneapi::mkl::blas::row_major {
void rotg(sycl::queue &queue,

sycl::buffer<T,1> &a,
sycl::buffer<T,1> &b,
sycl::buffer<Tc,1> &c,
sycl::buffer<T,1> &s)

}

InputParameters

queue The queuewhere the routine should be executed

a Buffer holding x-coordinate of the point.

b Buffer holding y-coordinate of the point.

OutputParameters

a Buffer holding parameter r associatedwith theGivens rotation.

b Buffer holding parameter z associatedwith theGivens rotation.

c Buffer holding parameter c associatedwith theGivens rotation.

s Buffer holding parameter s associatedwith theGivens rotation.

rotg (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event rotg(sycl::queue &queue,

T *a,
T *b,
Tc *c,
T *s,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event rotg(sycl::queue &queue,

T *a,
T *b,
Tc *c,
T *s,
const std::vector<sycl::event> &dependencies = {})

}
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InputParameters

queue The queuewhere the routine should be executed

a Pointer to x-coordinate of the point.

b Pointer to y-coordinate of the point.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

a Pointer to parameter r associatedwith theGivens rotation.

b Pointer to parameter z associatedwith theGivens rotation.

c Pointer to parameter c associatedwith theGivens rotation.

s Pointer to parameter s associatedwith theGivens rotation.

ReturnValues

Output event to wait on to ensure computation is complete.

9.1.12 rotm

PerformsmodifiedGivens rotation of points in the plane.

Description

Given two vectors x and y, each vector element of these vectors is replaced as follows:[
xi
yi

]
= H

[
xi
yi

]
for i from 1 to n, where H is amodifiedGivens transformationmatrix.

rotm supports the following precisions:

T
float
double
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rotm (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void rotm(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
sycl::buffer<T,1> &param)

}

namespace oneapi::mkl::blas::row_major {
void rotm(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
sycl::buffer<T,1> &param)

}

InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vector x.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.

y Bufferholding inputvectory. Sizeof thebuffermustbeat least (1 + (n - 1)*abs(incy)). See :ref:‘matrix-storage
for more details.

incy Stride of vector y.

param Buffer holding an array of size 5. The elements of the param array are:

param[0] contains a switch, flag. The other array elements param[1-4] contain the components of the
modifiedGivens transformationmatrix H: h11, h21, h12, and h22, respectively.

Depending on the values of flag, the components of H are set as follows:

flag = -1.0:

H =

[
h11 h12
h21 h22

]
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flag = 0.0:

H =

[
1.0 h12
h21 1.0

]
flag = 1.0:

H =

[
h11 1.0
−1.0 h22

]
flag = -2.0:

H =

[
1.0 0.0
0.0 1.0

]
In the last three cases, the matrix entries of 1.0, -1.0, 0.0 are assumed based on the value of flag and are
not required to be set in the param vector.

OutputParameters

x Buffer holding updated buffer x.

y Buffer holding updated buffer y.

rotm (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event rotm(sycl::queue &queue,

std::int64_t n,
T *x,
std::int64_t incx,
T *y,
std::int64_t incy,
const T *param,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event rotm(sycl::queue &queue,

std::int64_t n,
T *x,
std::int64_t incx,
T *y,
std::int64_t incy,
const T *param,
const std::vector<sycl::event> &dependencies = {})

}
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InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vector x.

x Pointer to the input vector x. Size of the array holding vector xmust be at least (1 + (n - 1)*abs(incx)). See
Matrix Storage for more details.

incx Stride of vector x.

yparam Pointer to the input vector y. Size of the array holding vector ymust be at least (1 + (n - 1)*abs(incy)).
SeeMatrix Storage for more details.

incy Stride of vector y.

param Pointer to an array of size 5. The elements of the param array are:

param[0] contains a switch, flag. The other array elements param[1-4] contain the components of the
modifiedGivens transformationmatrix H: h11, h21, h12, and h22, respectively.

Depending on the values of flag, the components of H are set as follows:

flag = -1.0:

H =

[
h11 h12
h21 h22

]
flag = 0.0:

H =

[
1.0 h12
h21 1.0

]
flag = 1.0:

H =

[
h11 1.0
−1.0 h22

]
flag = -2.0:

H =

[
1.0 0.0
0.0 1.0

]
In the last three cases, the matrix entries of 1.0, -1.0, 0.0 are assumed based on the value of flag and are
not required to be set in the param vector.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

x Pointer to updated array x.

y Pointer to updated array y.
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ReturnValues

Output event to wait on to ensure computation is complete.

9.1.13 rotmg

Computes the parameters for amodifiedGivens rotation.

Description

GivenCartesian coordinates (x1, y1) of an input vector, the rotmg routines compute the components of amod-
ifiedGivens transformationmatrix H that zeros the y-component of the resulting vector:[

x1
0

]
= H

[
x1
√
d1

y1
√
d2

]
rotmg supports the following precisions:

T
float
double

rotmg (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void rotmg(sycl::queue &queue,

sycl::buffer<T,1> &d1,
sycl::buffer<T,1> &d2,
sycl::buffer<T,1> &x1,
sycl::buffer<T,1> y1,
sycl::buffer<T,1> &param)

}

namespace oneapi::mkl::blas::row_major {
void rotmg(sycl::queue &queue,

sycl::buffer<T,1> &d1,
sycl::buffer<T,1> &d2,
sycl::buffer<T,1> &x1,
sycl::buffer<T,1> y1,
sycl::buffer<T,1> &param)

}
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InputParameters

queue The queuewhere the routine should be executed.

d1 Buffer holding the scaling factor for x-coordinate of the input vector.

d2 Buffer holding the scaling factor for y-coordinate of the input vector.

x1 Buffer holding x-coordinate of the input vector.

y1 Scalar specifying y-coordinate of the input vector.

OutputParameters

d1 Buffer holding the first diagonal element of the updatedmatrix.

d2 Buffer holding the second diagonal element of the updatedmatrix.

x1 Buffer holding x-coordinate of the rotated vector before scaling

param Buffer holding an array of size 5.

The elements of the param array are:

param[0] contains a switch, flag. The other array elements param[1-4] contain the components of the
array H: h11, h21, h12, and h22, respectively.

Depending on the values of flag, the components of H are set as follows:

flag = -1.0:

H =

[
h11 h12
h21 h22

]
flag = 0.0:

H =

[
1.0 h12
h21 1.0

]
flag = 1.0:

H =

[
h11 1.0
−1.9 h22

]
flag = -2.0:

H =

[
1.0 0.0
0.0 1.0

]
In the last three cases, the matrix entries of 1.0, -1.0, and 0.0 are assumed based on the value of flag and
are not required to be set in the param vector.
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rotmg (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event rotmg(sycl::queue &queue,

T *d1,
T *d2,
T *x1,
T y1,
T *param,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event rotmg(sycl::queue &queue,

T *d1,
T *d2,
T *x1,
T y1,
T *param,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

d1 Pointer to the scaling factor for x-coordinate of the input vector.

d2 Pointer to the scaling factor for y-coordinate of the input vector.

x1 Pointer to x-coordinate of the input vector.

y1 Scalar specifying y-coordinate of the input vector.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

d1 Pointer to the first diagonal element of the updatedmatrix.

d2 Pointer to the second diagonal element of the updatedmatrix.

x1 Pointer to x-coordinate of the rotated vector before scaling
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param Pointer to an array of size 5.

The elements of the param array are:

param[0] contains a switch, flag. The other array elements param[1-4] contain the components of the
array H: h11, h21, h12, and h22, respectively.

Depending on the values of flag, the components of H are set as follows:

flag = -1.0:

H =

[
h11 h12
h21 h22

]
flag = 0.0:

H =

[
1.0 h12
h21 1.0

]
flag = 1.0:

H =

[
h11 1.0
−1.0 h22

]
flag = -2.0:

H =

[
1.0 0.0
0.0 1.0

]
In the last three cases, the matrix entries of 1.0, -1.0, and 0.0 are assumed based on the value of flag and
are not required to be set in the param vector.

ReturnValues

Output event to wait on to ensure computation is complete.

9.1.14 scal

Computes the product of a vector by a scalar.

Description

The scal routines computes a scalar-vector product. The operation is defined as:

x← alpha ∗ x

where:

• x is a vector of n elements

• alpha is a scalar
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scal supports the following precisions:

T Ts
sycl::half sycl::half
oneapi::mkl::bfloat16 oneapi::mkl::bfloat16
float float
double double
std::complex<float> std::complex<float>
std::complex<double> std::complex<double>
std::complex<float> float
std::complex<double> double

scal (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void scal(sycl::queue &queue,

std::int64_t n,
Ts alpha,
sycl::buffer<T,1> &x,
std::int64_t incx)

}

namespace oneapi::mkl::blas::row_major {
void scal(sycl::queue &queue,

std::int64_t n,
Ts alpha,
sycl::buffer<T,1> &x,
std::int64_t incx)

}

InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vector x.

alpha Specifies the scalar alpha.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). See ref:matrix-storage
for more details.

incx Stride of vector x.
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OutputParameters

x Buffer holding updated buffer x.

scal (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event scal(sycl::queue &queue,

std::int64_t n,
Ts alpha,
T *x,
std::int64_t incx,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event scal(sycl::queue &queue,

std::int64_t n,
Ts alpha,
T *x,
std::int64_t incx,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vector x.

alpha Specifies the scalar alpha.

x Pointer to the input vector x. Size of the array must be at least (1 + (n - 1)*abs(incx)). See ref:matrix-storage
for more details.

incx Stride of vector x.

OutputParameters

x Pointer to updated array x.
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ReturnValues

Output event to wait on to ensure computation is complete.

9.1.15 sdsdot

Computes a vector-vector dot product with double precision.

Description

Thesdsdot routinesperformadotproductbetweentwovectorswithdoubleprecision. Theoperation isdefined
as:

result = sb+

n∑
i=1

XiYi

sdsdot (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void sdsdot(sycl::queue &queue,

std::int64_t n,
float sb,
sycl::buffer<float,1> &x,
std::int64_t incx,
sycl::buffer<float,1> &y,
std::int64_t incy,
sycl::buffer<float,1> &result)

}

namespace oneapi::mkl::blas::row_major {
void sdsdot(sycl::queue &queue,

std::int64_t n,
float sb,
sycl::buffer<float,1> &x,
std::int64_t incx,
sycl::buffer<float,1> &y,
std::int64_t incy,
sycl::buffer<float,1> &result)

}

68



Intel® oneAPIMath Kernel Library

InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vectors x and y.

sb Single precision scalar to be added to the dot product.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). See ref:matrix-storage
for more details.

incx Stride of vector x.

y Bufferholding inputvectory. Sizeof thebuffermustbeat least (1 + (n - 1)*abs(incxy)). See ref:matrix-storage
for more details.

incy Stride of vector y.

OutputParameters

result Buffer where the result (a scalar) will be stored. If n < 0 the result is sb.

sdsdot (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event sdsdot(sycl::queue &queue,

std::int64_t n,
float sb,
const float *x,
std::int64_t incx,
const float *y,
std::int64_t incy,
float *result,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event sdsdot(sycl::queue &queue,

std::int64_t n,
float sb,
const float *x,
std::int64_t incx,
const float *y,
std::int64_t incy,
float *result,
const std::vector<sycl::event> &dependencies = {})

}
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InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vectors x and y.

sb Single precision scalar to be added to the dot product.

x Pointer to input vector x. Size of the array must be at least (1 + (n - 1)*abs(incx)). See ref:matrix-storage for
more details.

incx Stride of vector x.

y Pointer to the input vector y. Size of the array must be at least (1 + (n - 1)*abs(incy)). See ref:matrix-storage
for more details.

incy Stride of vector y.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

result Pointer to where the result (a scalar) will be stored. If n < 0 the result is sb.

ReturnValues

Output event to wait on to ensure computation is complete.

9.1.16 swap

Swaps a vector with another vector.

Description

Given two vectors of n elements, x and y, the swap routines return vectors y and x swapped, each replacing the
other. The operation is defined as: [

y
x

]
←
[
x
y

]
swap supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>
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swap (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void swap(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy)

}

namespace oneapi::mkl::blas::row_major {
void swap(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy)

}

InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vectors x and y.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). See ref:matrix-storage
for more details.

incx Stride of vector x.

y Buffer holding input vector y. Size of the buffermust be at least (1 + (n - 1)*abs(incy)). See ref:matrix-storage
for more details.

incy Stride of vector y.

OutputParameters

x Buffer holding updated buffer x, that is, the input vector y.

y Buffer holding updated buffer y, that is, the input vector x.
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swap (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event swap(sycl::queue &queue,

std::int64_t n,
T *x,
std::int64_t incx,
T *y,
std::int64_t incy,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event swap(sycl::queue &queue,

std::int64_t n,
T *x,
std::int64_t incx,
T *y,
std::int64_t incy,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vectors x and y.

x Pointer to input vector x. Size of the array must be at least (1 + (n - 1)*abs(incx)). See ref:matrix-storage for
more details.

incx Stride of vector x.

y Pointer to input vector y. Size of the array must be at least (1 + (n - 1)*abs(incy)). See ref:matrix-storage for
more details.

incy Stride of vector y.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.
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OutputParameters

x Pointer to updated array x, that is, the input vector y.

y Pointer to updated array y, that is, the input vector x.

ReturnValues

Output event to wait on to ensure computation is complete.

9.2 BLASLevel 2Routines

This section describesBLASLevel 2 routines, whichperformmatrix-vector operations. The following table lists
the BLASLevel 2 routine groups and the data types associatedwith them.

Routine
Groups

Data Types Description

gbmv float, double, std::
complex<float>, std:
:complex<double>

Matrix-vector product using a general bandmatrix

gemv float, double, std::
complex<float>, std:
:complex<double>

Matrix-vector product using a general matrix

ger float, double Rank-1 update of a general matrix
gerc std::complex<float>,

std::
complex<double>

Rank-1 update of a conjugated general matrix

geru std::complex<float>,
std::
complex<double>

Rank-1 update of a general matrix, unconjugated

hbmv std::complex<float>,
std::
complex<double>

Matrix-vector product using aHermitian bandmatrix

hemv std::complex<float>,
std::
complex<double>

Matrix-vector product using aHermitianmatrix

her std::complex<float>,
std::
complex<double>

Rank-1 update of a Hermitianmatrix

her2 std::complex<float>,
std::
complex<double>

Rank-2 update of a Hermitianmatrix

hpmv std::complex<float>,
std::
complex<double>

Matrix-vector product using aHermitian packedmatrix

continues on next page
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Table 2 – continued from previous page
Routine
Groups

Data Types Description

hpr std::complex<float>,
std::
complex<double>

Rank-1 update of a Hermitian packedmatrix

hpr2 std::complex<float>,
std::
complex<double>

Rank-2 update of a Hermitian packedmatrix

sbmv float, double Matrix-vector product using symmetric bandmatrix
spmv float, double Matrix-vector product using a symmetric packedmatrix
spr float, double Rank-1 update of a symmetric packedmatrix
spr2 float, double Rank-2 update of a symmetric packedmatrix
symv float, double Matrix-vector product using a symmetricmatrix
syr float, double Rank-1 update of a symmetricmatrix
syr2 float, double Rank-2 update of a symmetricmatrix
tbmv float, double, std::

complex<float>, std:
:complex<double>

Matrix-vector product using a triangular bandmatrix

tbsv float, double, std::
complex<float>, std:
:complex<double>

Solution of a linear system of equations with a triangular bandmatrix

tpmv float, double, std::
complex<float>, std:
:complex<double>

Matrix-vector product using a triangular packedmatrix

tpsv float, double, std::
complex<float>, std:
:complex<double>

Solution of a linear system of equations with a triangular packedmatrix

trmv float, double, std::
complex<float>, std:
:complex<double>

Matrix-vector product using a triangular matrix

trsv float, double, std::
complex<float>, std:
:complex<double>

Solution of a linear system of equations with a triangular matrix

9.2.1 gbmv

Computes amatrix-vector product with a general bandmatrix.
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Description

The gbmv routines compute a scalar-matrix-vector product and add the result to a scalar-vector product, with a
general bandmatrix. The operation is defined as:

y ← alpha ∗ op(A) ∗ x+ beta ∗ y

where:

• op(A) is one of op(A) = A, or op(A) = AT, or op(A) = AH

• alpha and beta are scalars

• A is m x nmatrix with kl sub-diagonals and ku super-diagonals

• x and y are vectors

gbmv supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>

gbmv(BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void gbmv(queue &queue,

oneapi::mkl::transpose trans,
std::int64_t m,
std::int64_t n,
std::int64_t kl,
std::int64_t ku,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &x,
std::int64_t incx,
T beta,
sycl::buffer<T,1> &y,
std::int64_t incy)

}

namespace oneapi::mkl::blas::row_major {
void gbmv(queue &queue,

oneapi::mkl::transpose trans,
std::int64_t m,

(continues on next page)
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(continued from previous page)

std::int64_t n,
std::int64_t kl,
std::int64_t ku,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &x,
std::int64_t incx,
T beta,
sycl::buffer<T,1> &y,
std::int64_t incy)

}

InputParameters

queue The queuewhere the routine should be executed.

trans Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

m Number of rows ofmatrix A. Must be at least zero.

n Number of columns ofmatrix A. Must be at least zero.

kl Number of sub-diagonals of matrix A. Must be at least zero.

ku Number of super-diagonals of matrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

a Buffer holding input matrix A. Size of the buffer must be at least lda * n if column major layout is used, or at
least lda * m if rowmajor layout is used. SeeMatrix Storage for more details.

lda Leading dimension ofmatrix A. Must be at least (kl + ku + 1) and positive.

x Buffer holding input vector x. The length(len) of vector x is n if A is not transposed, and m if A is transposed.
Size of the buffermust be at least (1 + (len - 1)*abs(incx)). SeeMatrix Storage for more details.

incx Stride of vector x.

beta Scaling factor for vector y.

y Buffer holding input/output vector y. The length(len) of vector y is m, if A is not transposed, and n if A is trans-
posed. Size of the buffermust be at least (1 + (len - 1)*abs(incy)). SeeMatrix Storage for more details.

incy Stride of vector y.
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OutputParameters

y Buffer holding updated vector y.

gbmv(USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event gbmv(queue &queue,

oneapi::mkl::transpose trans,
std::int64_t m,
std::int64_t n,
std::int64_t kl,
std::int64_t ku,
T alpha,
const T *a,
std::int64_t lda,
const T *x,
std::int64_t incx,
T beta,
T *y,
std::int64_t incy,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event gbmv(queue &queue,

oneapi::mkl::transpose trans,
std::int64_t m,
std::int64_t n,
std::int64_t kl,
std::int64_t ku,
T alpha,
const T *a,
std::int64_t lda,
const T *x,
std::int64_t incx,
T beta,
T *y,
std::int64_t incy,
const std::vector<sycl::event> &dependencies = {})

}
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InputParameters

queue The queuewhere the routine should be executed.

trans Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

m Number of rows ofmatrix A. Must be at least zero.

n Number of columns ofmatrix A. Must be at least zero.

kl Number of sub-diagonals of matrix A. Must be at least zero.

ku Number of super-diagonals of matrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

a Pointer to inputmatrix A. Size of the arraymust be at least lda * n if columnmajor layout is used, or at least lda
* m if rowmajor layout is used. SeeMatrix Storage for more details.

lda Leading dimension ofmatrix A. Must be at least (kl + ku + 1) and positive.

x Pointer to input vector x. The length len of vector x is n if A is not transposed, and m if A is transposed. Size
of the array holding input vector xmust be at least (1 + (len - 1)*abs(incx)). SeeMatrix Storage for more
details.

incx Stride of vector x.

beta Scaling factor for vector y.

y Pointer to input/output vector y. The length len of vector y is m, if A is not transposed, and n if A is transposed.
Size of the array holding input/output vector ymust be at least (1 + (len - 1)*abs(incy)) where len is this
length. SeeMatrix Storage for more details.

incy Stride of vector y.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

y Pointer to updated vector y.

ReturnValues

Output event to wait on to ensure computation is complete.
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9.2.2 gemv

Computes amatrix-vector product using a general matrix.

Description

The gemv routines compute a scalar-matrix-vector product and add the result to a scalar-vector product, with a
general matrix. The operation is defined as:

y ← alpha ∗ op(A) ∗ x+ beta ∗ y

where:

• op(A) is one of op(A) = A, or op(A) = AT, or op(A) = AH

• alpha and beta are scalars

• A is m x nmatrix

• x and y are vectors

gemv supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>

gemv (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void gemv(sycl::queue &queue,

oneapi::mkl::transpose trans,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &x,
std::int64_t incx,
T beta,
sycl::buffer<T,1> &y,
std::int64_t incy)

}
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namespace oneapi::mkl::blas::row_major {
void gemv(sycl::queue &queue,

oneapi::mkl::transpose trans,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &x,
std::int64_t incx,
T beta,
sycl::buffer<T,1> &y,
std::int64_t incy)

}

InputParameters

queue The queuewhere the routine should be executed.

trans Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

m Number of rows ofmatrix A. Must be at least zero.

n Number of columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

a Buffer holding input matrix A. Size of the buffer must be at least lda * n if column major layout is used, or at
least lda * m if rowmajor layout is used. SeeMatrix Storage for more details.

lda Leading dimension of matrix A. Must be positive and at least m if columnmajor layout is used or at least n if
rowmajor layout is used.

x Buffer holding input vector x. The length len of vector x is n if A is not transposed, and m if A is transposed.
Size of the buffermust be at least (1 + (len - 1)*abs(incx)). SeeMatrix Storage for more details.

incx Stride of vector x.

beta The scaling factor for vector y.

y Buffer holding input/output vector y. The length len of vector y is m, if A is not transposed, and n if A is trans-
posed. Size of the buffermust be at least (1 + (len - 1)*abs(incy)). SeeMatrix Storage for more details.

incy Stride of vector y.
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OutputParameters

y Buffer holding updated vector y.

Examples

An example of how to use gemv can be found in the oneMKL installation directory, under:

examples/dpcpp/blas/source/gemv.cpp

gemv (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event gemv(sycl::queue &queue,

oneapi::mkl::transpose trans,
std::int64_t m,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
const T *x,
std::int64_t incx,
T beta,
T *y,
std::int64_t incy,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event gemv(sycl::queue &queue,

oneapi::mkl::transpose trans,
std::int64_t m,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
const T *x,
std::int64_t incx,
T beta,
T *y,
std::int64_t incy,
const std::vector<sycl::event> &dependencies = {})

}
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InputParameters

queue The queuewhere the routine should be executed.

trans Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

m Number of rows ofmatrix A. Must be at least zero.

n Number of columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

a Pointer to inputmatrix A. Size of the arraymust be at least lda * n if columnmajor layout is used, or at least lda
* m if rowmajor layout is used.

lda Leading dimension of matrix A. Must be positive and at least m if columnmajor layout is used or at least n if
rowmajor layout is used.

x Pointer to the input vector x. The length lenof vector x is n if A is not transposed, and m if A is transposed. Size
of the array holding vectorxmust be at least (1 + (len - 1)*abs(incx)). SeeMatrixStorage formoredetails.

incx Stride of vector x.

beta Scaling factor for vector y.

y Pointer to input/output vector y. The length len of vector y is m, if A is not transposed, and n if A is transposed.
Size of the array holding input/output vector ymust be at least (1 + (len - 1)*abs(incy)). SeeMatrix Stor-
age for more details.

incy Stride of vector y.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

y Pointer to updated vector y.

ReturnValues

Output event to wait on to ensure computation is complete.

9.2.3 ger

Computes a rank-1 update of a general matrix.
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Description

The ger routines compute a scalar-vector-vector product and add the result to a general matrix. The operation
is defined as:

A← alpha ∗ x ∗ yT +A

where:

• alpha is scalar

• A is m x nmatrix

• x is a vector length m

• y is a vector length n

ger supports the following precisions:

T
float
double

ger (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void ger(sycl::queue &queue,

std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
sycl::buffer<T,1> &a,
std::int64_t lda)

}

namespace oneapi::mkl::blas::row_major {
void ger(sycl::queue &queue,

std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
sycl::buffer<T,1> &a,
std::int64_t lda)

}
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InputParameters

queue The queuewhere the routine should be executed.

m Number of rows ofmatrix A. Must be at least zero.

n Number of columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (m - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.

y Buffer holding input/output vector y. Size of the buffer must be at least (1 + (n - 1)*abs(incy)). SeeMatrix
Storage for more details.

incy Stride of vector y.

a Buffer holding input matrix A. Size of the buffer must be at least lda * n if column major layout is used, or at
least lda * m if rowmajor layout is used.

lda Leading dimension of matrix A. Must be positive and at least m if columnmajor layout is used or at least n if
rowmajor layout is used.

OutputParameters

a Buffer holding updatedmatrix A.

ger (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event ger(sycl::queue &queue,

std::int64_t m,
std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
const T *y,
std::int64_t incy,
T *a,
std::int64_t lda,
const std::vector<sycl::event> &dependencies = {})

}
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namespace oneapi::mkl::blas::row_major {
sycl::event ger(sycl::queue &queue,

std::int64_t m,
std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
const T *y,
std::int64_t incy,
T *a,
std::int64_t lda,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

m Number of rows ofmatrix A. Must be at least zero.

n Number of columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (m - 1)*abs(incx)). See
Matrix Storage for more details.

incx Stride of vector x.

y Pointer to input/output vector y. Size of the array holding input/output vector y must be at least (1 + (n -
1)*abs(incy)). SeeMatrix Storage for more details.

incy Stride of vector y.

a Pointer to inputmatrix A. Size of the arraymust be at least lda * n if columnmajor layout is used, or at least lda
* m if rowmajor layout is used.

lda Leading dimension of matrix A. Must be positive and at least m if columnmajor layout is used or at least n if
rowmajor layout is used.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

a Pointer to updatedmatrix A.
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ReturnValues

Output event to wait on to ensure computation is complete.

9.2.4 gerc

Computes a rank-1 update (conjugated) of a general complexmatrix.

Description

Thegerc routinescomputeascalar-vector-vectorproduct andadd the result to ageneralmatrix. Theoperation
is defined as:

A← alpha ∗ x ∗ yH +A

where:

• alpha is a scalar

• A is m x nmatrix

• x is a vector of length m

• y is vector of length n

gerc supports the following precisions:

T
std::complex<float>
std::complex<double>

gerc (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void gerc(sycl::queue &queue,

std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
sycl::buffer<T,1> &a,
std::int64_t lda)

}

86



Intel® oneAPIMath Kernel Library

namespace oneapi::mkl::blas::row_major {
void gerc(sycl::queue &queue,

std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
sycl::buffer<T,1> &a,
std::int64_t lda)

}

InputParameters

queue The queuewhere the routine should be executed.

m Number of rows ofmatrix A. Must be at least zero.

n Number of columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (m - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.

y Buffer holding input/output vector y. Size of the buffer must be at least (1 + (n - 1)*abs(incy)). SeeMatrix
Storage for more details.

incy Stride of vector y.

a Buffer holding input matrix A. Size of the buffer must be at least lda * n if column major layout is used, or at
least lda * m if rowmajor layout is used. SeeMatrix Storage for more details.

lda Leading dimension of matrix A. Must be positive and at least m if columnmajor layout is used or at least n if
rowmajor layout is used.

OutputParameters

a Buffer holding updatedmatrix A.

gerc (USMVersion)

Syntax
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namespace oneapi::mkl::blas::column_major {
sycl::event gerc(sycl::queue &queue,

std::int64_t m,
std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
const T *y,
std::int64_t incy,
T *a,
std::int64_t lda,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event gerc(sycl::queue &queue,

std::int64_t m,
std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
const T *y,
std::int64_t incy,
T *a,
std::int64_t lda,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

m Number of rows ofmatrix A. Must be at least zero.

n Number of columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (m - 1)*abs(incx)). See
Matrix Storage for more details.

incx Stride of vector x.

y Pointer to input/output vector y. Size of the array holding input/output vector y must be at least (1 + (n -
1)*abs(incy)). SeeMatrix Storage for more details.

incy Stride of vector y.

a Pointer to inputmatrix A. Size of the arraymust be at least lda * n if columnmajor layout is used, or at least lda
* m if rowmajor layout is used.

lda Leading dimension of matrix A. Must be positive and at least m if columnmajor layout is used or at least n if
rowmajor layout is used.
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dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

a Pointer to updatedmatrix A.

ReturnValues

Output event to wait on to ensure computation is complete.

9.2.5 geru

Computes a rank-1 update (unconjugated) of a general complexmatrix.

Description

The geru routines routines compute a scalar-vector-vector product and add the result to a general matrix. The
operation is defined as:

A← alpha ∗ x ∗ yT +A

where:

• alpha is a scalar

• A is m x nmatrix

• x is a vector of length m

• y is a vector of length n

geru supports the following precisions:

T
std::complex<float>
std::complex<double>

geru (BufferVersion)

Syntax
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namespace oneapi::mkl::blas::column_major {
void geru(sycl::queue &queue,

std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
sycl::buffer<T,1> &a,
std::int64_t lda)

}

namespace oneapi::mkl::blas::row_major {
void geru(sycl::queue &queue,

std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
sycl::buffer<T,1> &a,
std::int64_t lda)

}

InputParameters

queue The queuewhere the routine should be executed.

m Number of rows ofmatrix A. Must be at least zero.

n Number of columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (m - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.

y Buffer holding input/output vector y. Size of the buffer must be at least (1 + (n - 1)*abs(incy)). SeeMatrix
Storage for more details.

incy Stride of vector y.

a Buffer holding input matrix A. Size of the buffer must be at least lda * n if column major layout is used, or at
least lda * m if rowmajor layout is used.

lda Leading dimension of matrix A. Must be positive and at least m if columnmajor layout is used or at least n if
rowmajor layout is used.
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OutputParameters

a Buffer holding updatedmatrix A.

geru (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event geru(sycl::queue &queue,

std::int64_t m,
std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
const T *y,
std::int64_t incy,
T *a,
std::int64_t lda,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event geru(sycl::queue &queue,

std::int64_t m,
std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
const T *y,
std::int64_t incy,
T *a,
std::int64_t lda,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

m Number of rows ofmatrix A. Must be at least zero.

n Number of columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (m - 1)*abs(incx)). See
Matrix Storage for more details.

incx Stride of vector x.
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y Pointer to input/output vector y. Size of the array holding input/output vector y must be at least (1 + (n -
1)*abs(incy)). SeeMatrix Storage for more details.

incy Stride of vector y.

a Pointer to inputmatrix A. Size of the arraymust be at least lda * n if columnmajor layout is used, or at least lda
* m if rowmajor layout is used.

lda Leading dimension of matrix A. Must be positive and at least m if columnmajor layout is used or at least n if
rowmajor layout is used.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

a Pointer to updatedmatrix A.

ReturnValues

Output event to wait on to ensure computation is complete.

9.2.6 hbmv

Computes amatrix-vector product using a hermitian bandmatrix.

Description

The hbmv routines compute a scalar-matrix-vector product and add the result to a scalar-vector product, with a
hermitian bandmatrix. The operation is defined as:

y ← alpha ∗A ∗ x+ beta ∗ y

where:

• alpha and beta are scalars

• A is n x n hermitian bandmatrix, with k super-diagonals

• x and y are vectors of length n

hbmv supports the following precisions:

T
std::complex<float>
std::complex<double>
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hbmv (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void hbmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
std::int64_t k,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &x,
std::int64_t incx,
T beta,
sycl::buffer<T,1> &y,
std::int64_t incy)

}

namespace oneapi::mkl::blas::row_major {
void hbmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
std::int64_t k,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &x,
std::int64_t incx,
T beta,
sycl::buffer<T,1> &y,
std::int64_t incy)

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

k Number of super-diagonals of matrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

a Buffer holding inputmatrix A. Size of the buffermust be at least lda * n. SeeMatrix Storage for more details.

lda Leading dimension ofmatrix A. Must be at least (k + 1) and positive.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.
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incx Stride of vector x.

beta Scaling factor for vector y.

y Buffer holding input/output vector y. Size of the buffer must be at least (1 + (n - 1)*abs(incy)). SeeMatrix
Storage for more details.

incy Stride of vector y.

OutputParameters

y Buffer holding updated vector y.

hbmv (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event hbmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
std::int64_t k,
T alpha,
const T *a,
std::int64_t lda,
const T *x,
std::int64_t incx,
T beta,
T *y,
std::int64_t incy,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event hbmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
std::int64_t k,
T alpha,
const T *a,
std::int64_t lda,
const T *x,
std::int64_t incx,
T beta,
T *y,
std::int64_t incy,
const std::vector<sycl::event> &dependencies = {})

}
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InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

k Number of super-diagonals of matrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

a Pointer to input matrix A. Size of the array holding input matrix Amust be at least lda * n. SeeMatrix Storage
for more details.

lda Leading dimension ofmatrix A. Must be at least (k + 1) and positive.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)). See
Matrix Storage for more details.

incx Stride of vector x.

beta Scaling factor for vector y.

y Pointer to input/output vector y. Size of the array holding input/output vector y must be at least (1 + (n -
1)*abs(incy)). SeeMatrix Storage for more details.

incy Stride of vector y.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

y Pointer to updated vector y.

ReturnValues

Output event to wait on to ensure computation is complete.

9.2.7 hemv

Computes amatrix-vector product using a hermitianmatrix.
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Description

The hemv routines compute a scalar-matrix-vector product and add the result to a scalar-vector product, with a
hermitianmatrix. The operation is defined as:

y ← alpha ∗A ∗ x+ beta ∗ y

where:

• alpha and beta are scalars

• A is n x n hermitianmatrix

• x and y are vectors of length n

hemv supports the following precisions:

T
std::complex<float>
std::complex<double>

hemv (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void hemv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &x,
std::int64_t incx,
T beta,
sycl::buffer<T,1> &y,
std::int64_t incy)

}

namespace oneapi::mkl::blas::row_major {
void hemv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &x,
std::int64_t incx,
T beta,
sycl::buffer<T,1> &y,
std::int64_t incy)

}
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InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

a Buffer holding inputmatrix A. Size of the buffermust be at least lda * n. SeeMatrix Storage for more details.

lda Leading dimension ofmatrix A. Must be at least n and positive.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.

beta Scaling factor for vector y.

y Buffer holding input/output vector y. Size of the buffer must be at least (1 + (n - 1)*abs(incy)). SeeMatrix
Storage for more details.

incy Stride of vector y.

OutputParameters

y Buffer holding updated vector y.

hemv (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event hemv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
const T *x,
std::int64_t incx,
T beta,
T *y,
std::int64_t incy,
const std::vector<sycl::event> &dependencies = {})

}
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namespace oneapi::mkl::blas::row_major {
sycl::event hemv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
const T *x,
std::int64_t incx,
T beta,
T *y,
std::int64_t incy,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

a Pointer to input matrix A. Size of the array holding input matrix Amust be at least lda * n. SeeMatrix Storage
for more details.

lda Leading dimension ofmatrix A. Must be at least n and positive.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)). See
Matrix Storage for more details.

incx Stride of vector x.

beta Scaling factor for vector y.

y Pointer to input/output vector y. Size of the array holding input/output vector y must be at least (1 + (n -
1)*abs(incy)). SeeMatrix Storage for more details.

incy Stride of vector y.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.
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OutputParameters

y Pointer to updated vector y.

ReturnValues

Output event to wait on to ensure computation is complete.

9.2.8 her

Computes a rank-1 update of a hermitianmatrix.

Description

Theher routinescomputeascalar-vector-vectorproductandaddthe result toahermitianmatrix. Theoperation
is defined as:

A← alpha ∗ x ∗ xH +A

where:

• alpha is scalar

• A is n x n hermitianmatrix

• x is a vector of length n

her supports the following precisions:

T Treal
std::complex<float> float
std::complex<double> double

her (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void her(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
Treal alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &a,
std::int64_t lda)

}
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namespace oneapi::mkl::blas::row_major {
void her(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
Treal alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &a,
std::int64_t lda)

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.

a Buffer holding inputmatrix A. Size of the buffermust be at least lda * n. SeeMatrix Storage for more details.

lda Leading dimension ofmatrix A. Must be at least n and positive.

OutputParameters

a Bufferholdingupdatedupper triangularpartof thehermitianmatrixA ifupper_lower=upperorupdated lower
triangular part of the hermitianmatrix A if upper_lower=lower.

The imaginary parts of the diagonal elements are set to zero.

her (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event her(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
Treal alpha,
const T *x,
std::int64_t incx,

(continues on next page)
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(continued from previous page)

T *a,
std::int64_t lda,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event her(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
Treal alpha,
const T *x,
std::int64_t incx,
T *a,
std::int64_t lda,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)). See
Matrix Storage for more details.

incx Stride of vector x.

a Pointer to input matrix A. Size of the array holding input matrix Amust be at least lda * n. SeeMatrix Storage
for more details.

lda Leading dimension ofmatrix A. Must be at least n and positive.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

a Pointer to updated upper triangular part of the hermitian matrix A if upper_lower=upper or updated lower
triangular part of the hermitianmatrix A if upper_lower=lower.

The imaginary parts of the diagonal elements are set to zero.
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ReturnValues

Output event to wait on to ensure computation is complete.

9.2.9 her2

Computes a rank-2 update of a hermitianmatrix.

Description

The her2 routines compute two scalar-vector-vector products and add them to a hermitian matrix. The opera-
tion is defined as:

A← alpha ∗ x ∗ yH + conjg(alpha) ∗ y ∗ xH +A

where:

• alpha is a scalar

• A is n x n hermitianmatrix

• x and y are vectors or length n

her2 supports the following precisions:

T
std::complex<float>
std::complex<double>

her2 (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void her2(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
sycl::buffer<T,1> &a,
std::int64_t lda)

}

102



Intel® oneAPIMath Kernel Library

namespace oneapi::mkl::blas::row_major {
void her2(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
sycl::buffer<T,1> &a,
std::int64_t lda)

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.

y Buffer holding input/output vector y. Size of the buffer must be at least (1 + (n - 1)*abs(incy)). SeeMatrix
Storage for more details.

incy Stride of vector y.

a Buffer holding inputmatrix A. Size of the buffermust be at least lda * n. SeeMatrix Storage for more details.

lda Leading dimension ofmatrix A. Must be at least n and positive.

OutputParameters

a Buffer holding updated upper triangular part of the hermitian matrix A if upper_lower=upper, or updated
lower triangular part of the hermitianmatrix A if upper_lower=lower.

The imaginary parts of the diagonal elements are set to zero.
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her2 (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event her2(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
const T *y,
std::int64_t incy,
T *a,
std::int64_t lda,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event her2(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
const T *y,
std::int64_t incy,
T *a,
std::int64_t lda,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)). See
Matrix Storage for more details.

incx Stride of vector x.

y Pointer to input/output vector y. Size of the array holding input/output vector y must be at least (1 + (n -
1)*abs(incy)). SeeMatrix Storage for more details.

incy Stride of vector y.
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a Pointer to input matrix A. Size of the array holding input matrix Amust be at least lda * n. SeeMatrix Storage
for more details.

lda Leading dimension ofmatrix A. Must be at least n and positive.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

a Pointer to updated upper triangular part of the hermitian matrix A if upper_lower=upper, or updated lower
triangular part of the hermitianmatrix A if upper_lower=lower.

The imaginary parts of the diagonal elements are set to zero.

ReturnValues

Output event to wait on to ensure computation is complete.

9.2.10 hpmv

Computes amatrix-vector product using a hermitian packedmatrix.

Description

The hpmv routines compute a scalar-matrix-vector product and add the result to a scalar-vector product, with a
hermitian packedmatrix. The operation is defined as:

y ← alpha ∗A ∗ x+ beta ∗ y

where:

• alpha and beta are scalars

• A is n x n hermitianmatrix supplied in packed form

• x and y are vectors of length n

hpmv supports the following precisions:

T
std::complex<float>
std::complex<double>
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hpmv (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void hpmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &a,
sycl::buffer<T,1> &x,
std::int64_t incx,
T beta,
sycl::buffer<T,1> &y,
std::int64_t incy)

}

namespace oneapi::mkl::blas::row_major {
void hpmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &a,
sycl::buffer<T,1> &x,
std::int64_t incx,
T beta,
sycl::buffer<T,1> &y,
std::int64_t incy)

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

a Buffer holding input matrix A. Size of the buffer must be at least (n*(n+1))/2. See Matrix Storage for more
details.

The imaginary parts of the diagonal elements need not be set and are assumed to be zero.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.

beta Scaling factor for vector y.
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y Buffer holding input/output vector y. Size of the buffer must be at least (1 + (n - 1)*abs(incy)). SeeMatrix
Storage for more details.

incy Stride of vector y.

OutputParameters

y Buffer holding updated vector y.

hpmv (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event hpmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
const T *a,
const T *x,
std::int64_t incx,
T beta,
T *y,
std::int64_t incy,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event hpmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
const T *a,
const T *x,
std::int64_t incx,
T beta,
T *y,
std::int64_t incy,
const std::vector<sycl::event> &dependencies = {})

}
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InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

a Pointer to inputmatrix A. Size of the array holding inputmatrix Amust be at least (n*(n+1))/2. SeeMatrix Stor-
age for more details.

The imaginary parts of the diagonal elements need not be set and are assumed to be zero.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)). See
Matrix Storage for more details.

incx Stride of vector x.

beta Scaling factor for vector y.

y Pointer to input/output vector y. Size of the array holding input/output vector y must be at least (1 + (n -
1)*abs(incy)). SeeMatrix Storage for more details.

incy Stride of vector y.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

y Pointer to updated vector y.

ReturnValues

Output event to wait on to ensure computation is complete.

9.2.11 hpr

Computes a rank-1 update of a hermitian packedmatrix.
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Description

The hpr routines compute a scalar-vector-vector product and add the result to a hermitian packedmatrix. The
operation is defined as:

A← alpha ∗ x ∗ xH +A

where:

• alpha is scalar

• A is n x n hermitianmatrix, supplied in packed form

• x is a vector of length n

hpr supports the following precisions:

T Treal
std::complex<float> float
std::complex<double> double

hpr (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void hpr(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
Treal alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &a)

}

namespace oneapi::mkl::blas::row_major {
void hpr(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
Treal alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &a)

}
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InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.

a Buffer holding input matrix A. Size of the buffer must be at least (n*(n-1))/2. SeeMatrix Storage for more de-
tails.

The imaginary parts of the diagonal elements do not need to be set and are assumed to be zero.

OutputParameters

a Buffer holding updated upper triangular part of the hermitian matrix A if upper_lower=upper, or updated
lower triangular part of the hermitianmatrix A if upper_lower=lower.

The imaginary parts of the diagonal elements are set to zero.

hpr (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event hpr(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
Treal alpha,
const T *x,
std::int64_t incx,
T *a,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event hpr(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
Treal alpha,
const T *x,
std::int64_t incx,
T *a,
const std::vector<sycl::event> &dependencies = {})

}
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InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)). See
Matrix Storage for more details.

incx Stride of vector x.

a Pointer to inputmatrix A. Size of the array holding inputmatrix Amust be at least (n*(n-1))/2. SeeMatrix Stor-
age for more details.

The imaginary parts of the diagonal elements do not need to be set and are assumed to be zero.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

a Pointer to updated upper triangular part of the hermitian matrix A if upper_lower=upper, or updated lower
triangular part of the hermitianmatrix A if upper_lower=lower.

The imaginary parts of the diagonal elements are set to zero.

ReturnValues

Output event to wait on to ensure computation is complete.

9.2.12 hpr2

Performs a rank-2 update of a hermitian packedmatrix.

Description

The hpr2 routines compute two scalar-vector-vector products and add them to a hermitian packedmatrix. The
operation is defined as:

A← alpha ∗ x ∗ yH + conjg(alpha) ∗ y ∗ xH +A

where:

• alpha is a scalar

• A is n x n hermitianmatrix, supplied in packed form
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• x and y are vectors of length n

hpr2 supports the following precisions:

T
std::complex<float>
std::complex<double>

hpr2 (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void hpr2(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
sycl::buffer<T,1> &a)

}

namespace oneapi::mkl::blas::row_major {
void hpr2(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
sycl::buffer<T,1> &a)

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.
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incx Stride of vector x.

y Buffer holding input/output vector y. Size of the buffer must be at least (1 + (n - 1)*abs(incy)). SeeMatrix
Storage for more details.

incy Stride of vector y.

a Buffer holding input matrix A. Size of the buffer must be at least (n*(n-1))/2. SeeMatrix Storage for more de-
tails.

The imaginary parts of the diagonal elements need not be set and are assumed to be zero.

OutputParameters

a Buffer holding updated upper triangular part of the hermitian matrix A if upper_lower=upper, or updated
lower triangular part of the hermitianmatrix A if upper_lower=lower.

The imaginary parts of the diagonal elements are set to zero.

hpr2 (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event hpr2(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
const T *y,
std::int64_t incy,
T *a,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event hpr2(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
const T *y,
std::int64_t incy,
T *a,
const std::vector<sycl::event> &dependencies = {})

}
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InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)). See
Matrix Storage for more details.

incx Stride of vector x.

y Pointer to input/output vector y. Size of the array holding input/output vector y must be at least (1 + (n -
1)*abs(incy)). SeeMatrix Storage for more details.

incy Stride of vector y.

a Pointer to inputmatrix A. Size of the array holding inputmatrix Amust be at least (n*(n-1))/2. SeeMatrix Stor-
age for more details.

The imaginary parts of the diagonal elements need not be set and are assumed to be zero.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

a Pointer to updated upper triangular part of the hermitian matrix A if upper_lower=upper, or updated lower
triangular part of the hermitianmatrix A if upper_lower=lower.

The imaginary parts of the diagonal elements are set to zero.

ReturnValues

Output event to wait on to ensure computation is complete.

9.2.13 sbmv

Computes amatrix-vector product with a symmetric bandmatrix.
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Description

The sbmv routines compute a scalar-matrix-vector product and add the result to a scalar-vector product, with a
symmetric bandmatrix. The operation is defined as:

y ← alpha ∗A ∗ x+ beta ∗ y

where:

• alpha and beta are scalars

• A is n x n symmetricmatrix with k super-diagonals

• x and y are vectors of length n

sbmv supports the following precisions:

T
float
double

sbmv (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void sbmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
std::int64_t k,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &x,
std::int64_t incx,
T beta,
sycl::buffer<T,1> &y,
std::int64_t incy)

}

namespace oneapi::mkl::blas::row_major {
void sbmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
std::int64_t k,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &x,
std::int64_t incx,

(continues on next page)
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(continued from previous page)

T beta,
sycl::buffer<T,1> &y,
std::int64_t incy)

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

k Number of super-diagonals of matrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

a Bufferholding inputmatrixA. Sizeof thebuffermustbeat leastlda *n. See ref:matrix-storage formoredetails.

lda Leading dimension ofmatrix A. Must be at least (k + 1) and positive.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). See ref:matrix-storage
for more details.

incx Stride of vector x.

beta Scaling factor for vector y.

y Buffer holding input/output vector y. Size of the buffermust be at least (1 + (n - 1)*abs(incy)). See ref:matrix-
storage for more details.

incy Stride of vector y.

OutputParameters

y Buffer holding updated vector y.

sbmv (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event sbmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
std::int64_t k,
T alpha,
const T *a,

(continues on next page)
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std::int64_t lda,
const T *x,
std::int64_t incx,
T beta,
T *y,
std::int64_t incy,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event sbmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
std::int64_t k,
T alpha,
const T *a,
std::int64_t lda,
const T *x,
std::int64_t incx,
T beta,
T *y,
std::int64_t incy,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

k Number of super-diagonals of matrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

a Pointer to inputmatrixA. Sizeof thearrayholding inputmatrixAmustbeat leastlda *n. See ref:matrix-storage
for more details.

lda Leading dimension ofmatrix A. Must be at least (k + 1) and positive.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)). See
ref:matrix-storage for more details.

incx Stride of vector x.

beta Scaling factor for vector y.

y Pointer to input/output vector y. Size of the array holding input/output vector y must be at least (1 + (n -
1)*abs(incy)). See ref:matrix-storage for more details.
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incy Stride of vector y.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

y Pointer to updated vector y.

ReturnValues

Output event to wait on to ensure computation is complete.

9.2.14 spmv

Computes amatrix-vector product with a symmetric packedmatrix.

Description

The spmv routines compute a scalar-matrix-vector product and add the result to a scalar-vector product, with a
symmetric packedmatrix. The operation is defined as:

y ← alpha ∗A ∗ x+ beta ∗ y

where:

• alpha and beta are scalars

• A is n x n symmetricmatrix, supplied in packed form

• x and y are vectors of length n

spmv supports the following precisions:

T
float
double

spmv (BufferVersion)

Syntax
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namespace oneapi::mkl::blas::column_major {
void spmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &a,
sycl::buffer<T,1> &x,
std::int64_t incx,
T beta,
sycl::buffer<T,1> &y,
std::int64_t incy)

}

namespace oneapi::mkl::blas::row_major {
void spmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &a,
sycl::buffer<T,1> &x,
std::int64_t incx,
T beta,
sycl::buffer<T,1> &y,
std::int64_t incy)

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

a Buffer holding input matrix A. Size of the buffer must be at least (n*(n+1))/2. See Matrix Storage for more
details.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.

beta Scaling factor for vector y.

y Buffer holding input/output vector y. Size of the buffer must be at least (1 + (n - 1)*abs(incy)). SeeMatrix
Storage for more details.

incy Stride of vector y.
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OutputParameters

y Buffer holding updated vector y.

spmv (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event spmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
const T *a,
const T *x,
std::int64_t incx,
T beta,
T *y,
std::int64_t incy,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event spmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
const T *a,
const T *x,
std::int64_t incx,
T beta,
T *y,
std::int64_t incy,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

a Pointer to inputmatrix A. Size of the array holding inputmatrix Amust be at least (n*(n+1))/2. SeeMatrix Stor-
age for more details.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)). See
Matrix Storage for more details.
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incx Stride of vector x.

beta Scaling factor for vector y.

y Pointer to input/output vector y. Size of the array holding input/output vector y must be at least (1 + (n -
1)*abs(incy)). SeeMatrix Storage for more details.

incy Stride of vector y.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

y Pointer to updated vector y.

ReturnValues

Output event to wait on to ensure computation is complete.

9.2.15 spr

Performs a rank-1 update of a symmetric packedmatrix.

Description

The spr routines compute a scalar-vector-vector product and add the result to a symmetric packedmatrix. The
operation is defined as;

A← alpha ∗ x ∗ xT +A

where:

• alpha is scalar

• A is n x n symmetricmatrix, supplied in packed form

• x is a vector of length n

spr supports the following precisions:

T
float
double
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spr (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void spr(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::std::int64_t n,
T alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &a)

}

namespace oneapi::mkl::blas::row_major {
void spr(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::std::int64_t n,
T alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &a)

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.

a Buffer holding input matrix A. Size of the buffer must be at least (n*(n-n))/2. See Matrix Storage for more
details.

OutputParameters

a Buffer holding updated upper triangular part of the symmetric matrix A if upper_lower=upper, or updated
lower triangular part of the symmetricmatrix A if upper_lower=lower.
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spr (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event spr(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
T *a,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event spr(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
T *a,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)). See
Matrix Storage for more details.

incx Stride of vector x.

a Pointer to inputmatrix A. Size of the array holding inputmatrix Amust be at least (n*(n-n))/2. SeeMatrixStor-
age for more details.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.
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OutputParameters

a Pointer to updated upper triangular part of the symmetric matrix A if upper_lower=upper, or updated lower
triangular part of the symmetricmatrix A if upper_lower=lower.

ReturnValues

Output event to wait on to ensure computation is complete.

9.2.16 spr2

Computes a rank-2 update of a symmetric packedmatrix.

Description

Thespr2 routinescompute twoscalar-vector-vectorproductsandadd themtoasymmetricpackedmatrix. The
operation is defined as:

A← alpha ∗ x ∗ yT + alpha ∗ y ∗ xT +A

where:

• alpha is scalar

• A is n x n symmetricmatrix, supplied in packed form

• x and y are vectors of length n

spr2 supports the following precisions:

T
float
double

spr2 (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void spr2(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
sycl::buffer<T,1> &a)

}
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namespace oneapi::mkl::blas::row_major {
void spr2(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
sycl::buffer<T,1> &a)

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.

y Buffer holding input/output vector y. Size of the buffer must be at least (1 + (n - 1)*abs(incy)). SeeMatrix
Storage for more details.

incy Stride of vector y.

a Buffer holding input matrix A. Size of the buffer must be at least (n*(n-1))/2. SeeMatrix Storage for more de-
tails.

OutputParameters

a Buffer holding updated upper triangular part of the symmetric matrix A if upper_lower=upper or updated
lower triangular part of the symmetricmatrix A if upper_lower=lower.

spr2 (USMVersion)

Syntax
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namespace oneapi::mkl::blas::column_major {
sycl::event spr2(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
const T *y,
std::int64_t incy,
T *a,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event spr2(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
const T *y,
std::int64_t incy,
T *a,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)). See
Matrix Storage for more details.

incx Stride of vector x.

y Pointer to input/output vector y. Size of the array holding input/output vector y must be at least (1 + (n -
1)*abs(incy)). SeeMatrix Storage for more details.

incy Stride of vector y.

a Pointer to inputmatrix A. Size of the array holding inputmatrix Amust be at least (n*(n-1))/2. SeeMatrix Stor-
age for more details.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.
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OutputParameters

a Pointer to updated upper triangular part of the symmetric matrix A if upper_lower=upper or updated lower
triangular part of the symmetricmatrix A if upper_lower=lower.

ReturnValues

Output event to wait on to ensure computation is complete.

9.2.17 symv

Computes amatrix-vector product for a symmetricmatrix.

Description

The symv routines compute a scalar-matrix-vector product and add the result to a scalar-vector product, with a
symmetricmatrix. The operation is defined as:

y ← alpha ∗A ∗ x+ beta ∗ y

where:

• alpha and beta are scalars

• A is n x n symmetricmatrix

• x and y are vectors of length n

symv supports the following precisions:

T
float
double

symv (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void symv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &x,
std::int64_t incx,

(continues on next page)
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T beta,
sycl::buffer<T,1> &y,
std::int64_t incy)

}

namespace oneapi::mkl::blas::row_major {
void symv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &x,
std::int64_t incx,
T beta,
sycl::buffer<T,1> &y,
std::int64_t incy)

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

a Buffer holding inputmatrix A. Size of the buffermust be at least lda * n. SeeMatrix Storage for more details.

lda Leading dimension ofmatrix A. Must be at least n and positive.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.

y Buffer holding input/output vector y. Size of the buffer must be at least (1 + (n - 1)*abs(incy)). SeeMatrix
Storage for more details.

incy Stride of vector y.
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OutputParameters

y Buffer holding updated vector y.

symv (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event symv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
const T *x,
std::int64_t incx,
T beta,
T *y,
std::int64_t incy,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event symv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
const T *x,
std::int64_t incx,
T beta,
T *y,
std::int64_t incy,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

a Pointer to input matrix A. Size of the array holding input matrix Amust be at least lda * n. SeeMatrix Storage
for more details.
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lda Leading dimension ofmatrix A. Must be at least n and positive.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)). See
Matrix Storage for more details.

incx Stride of vector x.

y Pointer to input/output vector y. Size of the array holding input/output vector y must be at least (1 + (n -
1)*abs(incy)). SeeMatrix Storage for more details.

incy Stride of vector y.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

y Pointer to updated vector y.

ReturnValues

Output event to wait on to ensure computation is complete.

9.2.18 syr

Computes a rank-1 update of a symmetricmatrix.

Description

Thesyr routinescomputeascalar-vector-vectorproduct andadd the result toamatrix,with a symmetricmatrix.
The operation is defined as:

A← alpha ∗ x ∗ xT +A

where:

• alpha is scalar

• A is n x n symmetricmatrix

• x is a vector of length n

syr supports the following precisions:

T
float
double
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syr (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void syr(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &a,
std::int64_t lda)

}

namespace oneapi::mkl::blas::row_major {
void syr(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &a,
std::int64_t lda)

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.

a Buffer holding inputmatrix A. Size of the buffermust be at least lda * n. SeeMatrix Storage for more details.

lda Leading dimension ofmatrix A. Must be at least n and positive.
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OutputParameters

a Buffer holding updated upper triangular part of the symmetric matrix A if upper_lower=upper or updated
lower triangular part of the symmetricmatrix A if upper_lower=lower.

syr (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event syr(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
T *a,
std::int64_t lda,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event syr(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
T *a,
std::int64_t lda,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)). See
Matrix Storage for more details.

incx Stride of vector x.

a Pointer to input matrix A. Size of the array holding input matrix Amust be at least lda * n. SeeMatrix Storage
for more details.
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lda Leading dimension ofmatrix A. Must be at least n and positive.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

a Pointer to updated upper triangular part of the symmetric matrix A if upper_lower=upper or updated lower
triangular part of the symmetricmatrix A if upper_lower=lower.

ReturnValues

Output event to wait on to ensure computation is complete.

9.2.19 syr2

Computes a rank-2 update of a symmetricmatrix.

Description

The syr2 routines compute two scalar-vector-vector products, add them and add the result to a matrix, with a
symmetricmatrix. The operation is defined as:

A← alpha ∗ x ∗ yT + alpha ∗ y ∗ xT +A

where:

• alpha is a scalar

• A is n x n symmetricmatrix

• x and y are vectors of length n

syr2 supports the following precisions:

T
float
double

syr2 (BufferVersion)

Syntax
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namespace oneapi::mkl::blas::column_major {
void syr2(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
sycl::buffer<T,1> &a,
std::int64_t lda)

}

namespace oneapi::mkl::blas::row_major {
void syr2(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
sycl::buffer<T,1> &y,
std::int64_t incy,
sycl::buffer<T,1> &a,
std::int64_t lda)

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.

y Buffer holding input/output vector y. Size of the buffer must be at least (1 + (n - 1)*abs(incy)). SeeMatrix
Storage for more details.

incy Stride of vector y.

a Buffer holding inputmatrix A. Size of the buffermust be at least lda * n. SeeMatrix Storage for more details.

lda Leading dimension ofmatrix A. Must be at least n and positive.
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OutputParameters

a Buffer holding updated upper triangular part of the symmetric matrix A if upper_lower=upper, or updated
lower triangular part of the symmetricmatrix A if upper_lower=lower.

syr2 (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event syr2(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
const T *y,
std::int64_t incy,
T *a,
std::int64_t lda,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event syr2(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
const T *y,
std::int64_t incy,
T *a,
std::int64_t lda,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

n Number of columns ofmatrix A. Must be at least zero.

alpha Scaling factor for thematrix-vector product.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)). See
Matrix Storage for more details.
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incx Stride of vector x.

y Pointer to input/output vector y. Size of the array holding input/output vector y must be at least (1 + (n -
1)*abs(incy)). SeeMatrix Storage for more details.

incy Stride of vector y.

a Pointer to input matrix A. Size of the array holding input matrix Amust be at least lda * n. SeeMatrix Storage
for more details.

lda Leading dimension ofmatrix A. Must be at least n and positive.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

a Pointer to updated upper triangular part of the symmetric matrix A if upper_lower=upper, or updated lower
triangular part of the symmetricmatrix A if upper_lower=lower.

ReturnValues

Output event to wait on to ensure computation is complete.

9.2.20 tbmv

Computes amatrix-vector product using a triangular bandmatrix.

Description

The tbmv routines compute amatrix-vector product with a triangular bandmatrix. The operation is defined as:

x← op(A) ∗ x

where:

• op(A) is one of op(A) = A, or op(A) = AT, or op(A) = AH

• A is n x n unit or non-unit, upper or lower triangular bandmatrix, with (k + 1) diagonals

• x is a vector of length n

tbmv supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>
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tbmv (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void tbmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
std::int64_t k,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &x,
std::int64_t incx)

}

namespace oneapi::mkl::blas::row_major {
void tbmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
std::int64_t k,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &x,
std::int64_t incx)

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details..

trans Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

unit_diag Specifies whethermatrix A is unit triangular or not. SeeData Types for more details.

n Numbers of rows and columns ofmatrix A. Must be at least zero.

k Number of sub/super-diagonals of matrix A. Must be at least zero.

a Buffer holding inputmatrix A. Size of the buffermust be at least lda * n. SeeMatrix Storage for more details.

lda Leading dimension ofmatrix A. Must be at least (k + 1) and positive.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.
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OutputParameters

x Buffer holding updated vector x.

tbmv (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event tbmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
std::int64_t k,
const T *a,
std::int64_t lda,
T *x,
std::int64_t incx,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event tbmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
std::int64_t k,
const T *a,
std::int64_t lda,
T *x,
std::int64_t incx,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

trans Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

unit_diag Specifies whethermatrix A is unit triangular or not. SeeData Types for more details.

n Numbers of rows and columns ofmatrix A. Must be at least zero.

k Number of sub/super-diagonals of matrix A. Must be at least zero.
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a Pointer to input matrix A. Size of the array holding input matrix Amust be at least lda * n. SeeMatrix Storage
for more details.

lda Leading dimension ofmatrix A. Must be at least (k + 1) and positive.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)). See
Matrix Storage for more details.

incx Stride of vector x.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

x Pointer to updated vector x.

ReturnValues

Output event to wait on to ensure computation is complete.

9.2.21 tbsv

Solves a system of linear equations whose coefficients are in a triangular bandmatrix.

Description

The tbsv routines solve a system of linear equations whose coefficients are in a triangular band matrix. The
operation is defined as:

op(A) ∗ x = b

where:

• op(A) is one of op(A) = A, or op(A) = AT, or op(A) = AH

• A is n x n unit or non-unit, upper or lower triangular bandmatrix, with (k + 1) diagonals

• b and x are vectors of length n

tbsv supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>
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tbsv (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void tbsv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
std::int64_t k,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &x,
std::int64_t incx)

}

namespace oneapi::mkl::blas::row_major {
void tbsv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
std::int64_t k,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &x,
std::int64_t incx)

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

trans Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

unit_diag Specifies whethermatrix A is unit triangular or not. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

k Number of sub/super-diagonals of matrix A. Must be at least zero.

a Buffer holding inputmatrix A. Size of the buffermust be at least lda * n. SeeMatrix Storage for more details.

lda Leading dimension ofmatrix A. Must be at least (k + 1) and positive.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.
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OutputParameters

x Buffer holding solution vector x.

tbsv (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event tbsv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
std::int64_t k,
const T *a,
std::int64_t lda,
T *x,
std::int64_t incx,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event tbsv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
std::int64_t k,
const T *a,
std::int64_t lda,
T *x,
std::int64_t incx,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

trans Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

unit_diag Specifies whethermatrix A is unit triangular or not. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

k Number of sub/super-diagonals of matrix A. Must be at least zero.
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a Pointer to input matrix A. Size of the array holding input matrix Amust be at least lda * n. SeeMatrix Storage
for more details.

lda Leading dimension ofmatrix A. Must be at least (k + 1) and positive.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)). See
Matrix Storage for more details.

incx Stride of vector x.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

x Pointer to solution vector x.

ReturnValues

Output event to wait on to ensure computation is complete.

9.2.22 tpmv

Computes amatrix-vector product using a triangular packedmatrix.

Description

The tpmv routines compute a matrix-vector product with a triangular packed matrix. The operation is defined
as:

x← op(A) ∗ x

where:

• op(A) is one of op(A) = A, or op(A) = AT, or op(A) = AH

• A is n x n unit or non-unit, upper or lower triangular bandmatrix, supplied in packed form

• x is a vector of length n

tpmv supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>
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tpmv (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void tpmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
sycl::buffer<T,1> &a,
sycl::buffer<T,1> &x,
std::int64_t incx)

}

namespace oneapi::mkl::blas::row_major {
void tpmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
sycl::buffer<T,1> &a,
sycl::buffer<T,1> &x,
std::int64_t incx)

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

trans Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

unit_diag Specifies whethermatrix A is unit triangular or not. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

a Buffer holding input matrix A. Size of the buffer must be at least (n*(n+1))/2. See Matrix Storage for more
details.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.
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OutputParameters

x Buffer holding updated vector x.

tpmv (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event tpmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
const T *a,
T *x,
std::int64_t incx,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event tpmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
const T *a,
T *x,
std::int64_t incx,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

trans Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

unit_diag Specifies whethermatrix A is unit triangular or not. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

a Pointer to inputmatrix A. Size of the array holding inputmatrix Amust be at least (n*(n+1))/2. SeeMatrix Stor-
age for more details.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)). See
Matrix Storage for more details.

incx Stride of vector x.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.
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OutputParameters

x Pointer to updated vector x.

ReturnValues

Output event to wait on to ensure computation is complete.

9.2.23 tpsv

Solves a system of linear equations whose coefficients are in a triangular packedmatrix.

Description

The tpsv routines solve a system of linear equations whose coefficients are in a triangular packed matrix. The
operation is defined as:

op(A) ∗ x = b

where:

• op(A) is one of op(A) = A, or op(A) = AT, or op(A) = AH

• A is n x n unit or non-unit, upper or lower triangular bandmatrix, supplied in packed form

• b and x are vectors of length n

tpsv supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>

tpsv (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void tpsv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
std::int64_t k,
sycl::buffer<T,1> &a,
sycl::buffer<T,1> &x,
std::int64_t incx)

}

145



Intel® oneAPIMath Kernel Library

namespace oneapi::mkl::blas::row_major {
void tpsv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
std::int64_t k,
sycl::buffer<T,1> &a,
sycl::buffer<T,1> &x,
std::int64_t incx)

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

trans Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

unit_diag Specifies whethermatrix A is unit triangular or not. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

a Buffer holding input matrix A. Size of the buffer must be at least (n*(n+1))/2. See Matrix Storage for more
details.

x Bufferholding then-element right-handsidevectorb. Sizeof thebuffermustbeat least (1 + (n - 1)*abs(incx)).
SeeMatrix Storage for more details.

incx Stride of vector x.

OutputParameters

x Buffer holding solution vector x.

tpsv (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event tpsv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
std::int64_t k,
const T *a,

(continues on next page)
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T *x,
std::int64_t incx,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event tpsv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
std::int64_t k,
const T *a,
T *x,
std::int64_t incx,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

trans Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

unit_diag Specifies whethermatrix A is unit triangular or not. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

a Pointer to inputmatrix A. Size of the array holding inputmatrix Amust be at least (n*(n+1))/2. SeeMatrix Stor-
age for more details.

x Pointer to the n-element right-hand side vector b. Size of the array holding the n-element right-hand side
vector bmust be at least (1 + (n - 1)*abs(incx)). SeeMatrix Storage for more details.

incx Stride of vector x.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

x Pointer to solution vector x.
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ReturnValues

Output event to wait on to ensure computation is complete.

9.2.24 trmv

Computes amatrix-vector product using a triangular matrix.

Description

The trmv routines compute amatrix-vector product with a triangular matrix. The operation is defined as:

x← op(A) ∗ x

where:

• op(A) is one of op(A) = A, or op(A) = AT, or op(A) = AH

• A is n x n unit or non-unit, upper or lower triangular bandmatrix

• x is a vector of length n

trmv supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>

trmv (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void trmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &x,
std::int64_t incx)

}
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namespace oneapi::mkl::blas::row_major {
void trmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &x,
std::int64_t incx)

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

trans Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

unit_diag Specifies whethermatrix A is unit triangular or not. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

a Buffer holding inputmatrix A. Size of the buffermust be at least lda * n. SeeMatrix Storage for more details.

lda Leading dimension ofmatrix A. Must be at least n and positive.

x Buffer holding input vector x. Size of the buffermust be at least (1 + (n - 1)*abs(incx)). SeeMatrixStorage for
more details.

incx Stride of vector x.

OutputParameters

x Buffer holding updated vector x.

trmv (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event trmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
const T *a,

(continues on next page)
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std::int64_t lda,
T *x,
std::int64_t incx,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event trmv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
const T *a,
std::int64_t lda,
T *x,
std::int64_t incx,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

trans Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

unit_diag Specifies whethermatrix A is unit triangular or not. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

a Pointer to input matrix A. Size of the array holding input matrix Amust be at least lda * n. SeeMatrix Storage
for more details.

lda Leading dimension ofmatrix A. Must be at least n and positive.

x Pointer to input vector x. Size of the array holding input vector xmust be at least (1 + (n - 1)*abs(incx)). See
Matrix Storage for more details.

incx Stride of vector x.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.
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OutputParameters

x Pointer to updated vector x.

ReturnValues

Output event to wait on to ensure computation is complete.

9.2.25 trsv

Solves a system of linear equations whose coefficients are in a triangular matrix.

Description

Thetrsv routines solve a systemof linear equationswhosecoefficients are in a triangularmatrix. Theoperation
is defined as:

op(A) ∗ x = b

where:

• op(A) is one of op(A) = A, or op(A) = AT, or op(A) = AH

• A is n x n unit or non-unit, upper or lower triangular matrix

• b and x are vectors of length n

trsv supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>

trsv (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void trsv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
std::int64_t k,

(continues on next page)
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sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &x,
std::int64_t incx)

}

namespace oneapi::mkl::blas::row_major {
void trsv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
std::int64_t k,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &x,
std::int64_t incx)

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

trans Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

unit_diag Specifies whethermatrix A is unit triangular or not. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

a Buffer holding inputmatrix A. Size of the buffermust be at least lda * n. SeeMatrix Storage for more details.

lda Leading dimension ofmatrix A. Must be at least n and positive.

x Bufferholding then-element right-handsidevectorb. Sizeof thebuffermustbeat least (1 + (n - 1)*abs(incx)).
SeeMatrix Storage for more details.

incx Stride of vector x.

OutputParameters

x Buffer holding solution vector x.
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trsv (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event trsv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
std::int64_t k,
const T *a,
std::int64_t lda,
T *x,
std::int64_t incx,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event trsv(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t n,
std::int64_t k,
const T *a,
std::int64_t lda,
T *x,
std::int64_t incx,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

trans Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

unit_diag Specifies whethermatrix A is unit triangular or not. SeeData Types for more details.

n Number of rows and columns ofmatrix A. Must be at least zero.

a Pointer to input matrix A. Size of the array holding input matrix Amust be at least lda * n. SeeMatrix Storage
for more details.

lda Leading dimension ofmatrix A. Must be at least n and positive.

x Pointer to the n-element right-hand side vector b. Size of the array holding the n-element right-hand side
vector bmust be at least (1 + (n - 1)*abs(incx)). SeeMatrix Storage for more details.
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incx Stride of vector x.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

x Pointer to solution vector x.

ReturnValues

Output event to wait on to ensure computation is complete.

9.3 BLASLevel 3Routines

BLAS Level 3 routines perform matrix-matrix operations. The following table lists the BLAS Level 3 routine
groups and the data types associatedwith them.

Routine
Group

Data Types Description

gemm std::int8_t, oneapi::mkl::bfloat16, sycl:
:half, float, double, std::complex<float>,
std::complex<double>, mixed

Computes a matrix-matrix product with
general matrices.

hemm std::complex<float>, std::complex<double> Computes a matrix-matrix product
where one input matrix is Hermitian and
one is general.

herk std::complex<float>, std::complex<double> Performs aHermitian rank-k update.
her2k std::complex<float>, std::complex<double> Performs aHermitian rank-2k update.
symm float, double, std::complex<float>, std::

complex<double>
Computes a matrix-matrix product
where one inputmatrix is symmetric and
onematrix is general.

syrk float, double, std::complex<float>, std::
complex<double>

Performs a symmetric rank-k update.

syr2k float, double, std::complex<float>, std::
complex<double>

Performs a symmetric rank-2k update.

trmm float, double, std::complex<float>, std::
complex<double>

Computes a matrix-matrix product
where one input matrix is triangular and
one inputmatrix is general.

trsm float, double, std::complex<float>, std::
complex<double>

Solves a triangular matrix equation (for-
ward or backward solve).

TheBLAS functions are blockedwhere possible to restructure the code in away that increases the localization
of data reference, enhances cachememory use, and reduces the dependency on thememory bus.
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The code is distributed across the processors tomaximize parallelism.

Product and Performance Information
Performance varies by use, configuration and other factors. Learn more at https://www.intel.com/
PerformanceIndex. Notice revision #20201201

9.3.1 gemm

Computes amatrix-matrix product with general matrices.

Description

The gemm routines compute a scalar-matrix-matrix product and add the result to a scalar-matrix product, with
general matrices. The operation is defined as:

C ← alpha ∗ op(A) ∗ op(B) + beta ∗ C

where:

• op(X) is one of op(X) = X, or op(X) = XT, or op(X) = XH

• alpha and beta are scalars

• A, B and C arematrices

• op(A) is m x kmatrix

• op(B) is k x nmatrix

• C is m x nmatrix

gemm supports the following precisions:

Ta
(A matrix)

Tb
(B matrix)

Tc
(C matrix)

Ts
(alpha/beta)

sycl::half sycl::half sycl::half sycl::half
sycl::half sycl::half float float
oneapi::mkl::
bfloat16

oneapi::mkl::
bfloat16

oneapi::mkl::
bfloat16

float

oneapi::mkl::
bfloat16

oneapi::mkl::
bfloat16

float float

std::int8_t std::int8_t std::int32_t float
std::int8_t std::int8_t float float
float float float float
double double double double
std::complex<float> std::complex<float> std::complex<float> std::complex<float>
std::
complex<double>

std::
complex<double>

std::
complex<double>

std::
complex<double>
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gemm(BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void gemm(sycl::queue &queue,

oneapi::mkl::transpose transa,
oneapi::mkl::transpose transb,
std::int64_t m,
std::int64_t n,
std::int64_t k,
Ts alpha,
sycl::buffer<Ta,1> &a,
std::int64_t lda,
sycl::buffer<Tb,1> &b,
std::int64_t ldb,
Ts beta,
sycl::buffer<Tc,1> &c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset)

}

namespace oneapi::mkl::blas::row_major {
void gemm(sycl::queue &queue,

oneapi::mkl::transpose transa,
oneapi::mkl::transpose transb,
std::int64_t m,
std::int64_t n,
std::int64_t k,
Ts alpha,
sycl::buffer<Ta,1> &a,
std::int64_t lda,
sycl::buffer<Tb,1> &b,
std::int64_t ldb,
Ts beta,
sycl::buffer<Tc,1> &c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset)

}

InputParameters

queue The queuewhere the routine should be executed.

transa Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

transb Specifies op(B), the transposition operation applied tomatrix B. SeeData Types for more details.

m Number of rows ofmatrix op(A) andmatrix C. Must be at least zero.

n Number of columns ofmatrix op(B) andmatrix C. Must be at least zero.
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k Number of columns ofmatrix op(A) and rows ofmatrix op(B). Must be at least zero.

alpha Scaling factor for matrix-matrix product.

a Buffer holding inputmatrix A. SeeMatrix Storage for more details.

transa = transpose::nontrans transa = transpose::trans or trans =
transpose::conjtrans

Column
major

A is m x kmatrix. Size of array amust
be at least lda * k

A is k x mmatrix. Size of array amust be at least
lda * m

Row ma-
jor

A is m x kmatrix. Size of array amust
be at least lda * m

A is k x mmatrix. Size of array amust be at least
lda * k

lda Leading dimension ofmatrix A. Must be positive.

transa = transpose::
nontrans

transa = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least m Must be at least k

Rowmajor Must be at least k Must be at least m

b Buffer holding inputmatrix B. SeeMatrix Storage for more details.

transb = transpose::nontrans transb = transpose::trans or trans =
transpose::conjtrans

Column
major

B is k x nmatrix. Size of array bmust
be at least ldb * n

B is n x kmatrix. Size of array bmust be at least
ldb * k

Row ma-
jor

B is k x nmatrix. Size of array bmust
be at least ldb * k

B is n x kmatrix. Size of array bmust be at least
ldb * n

ldb Leading dimension ofmatrix B. Must be positive.

transb = transpose::
nontrans

transb = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least k Must be at least n

Rowmajor Must be at least n Must be at least k

beta Scaling factor for matrix C.

c Buffer holding input/outputmatrix C. SeeMatrix Storage for more details.

Columnmajor C is m x nmatrix. Size of array cmust be at least ldc * n
Rowmajor C is m x nmatrix. Size of array cmust be at least ldc * m
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ldc Leading dimension ofmatrix C. Must be positive.

Columnmajor Must be at least m
Rowmajor Must be at least n

mode Optional. Computemode settings. SeeComputeModes for more details.

OutputParameters

c Output buffer overwritten by alpha * op(A)*op(B) + beta * C.

Note: If beta = 0, matrix C does not need to be initialized before calling gemm.

Examples

An example of how to use buffer version of gemm can be found in oneMKL installation directory, under:

examples/dpcpp/blas/source/gemm.cpp

gemm(USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event gemm(sycl::queue &queue,

oneapi::mkl::transpose transa,
oneapi::mkl::transpose transb,
std::int64_t m,
std::int64_t n,
std::int64_t k,
Ts alpha,
const Ta *a,
std::int64_t lda,
const Tb *b,
std::int64_t ldb,
Ts beta,
Tc *c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}
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namespace oneapi::mkl::blas::row_major {
sycl::event gemm(sycl::queue &queue,

oneapi::mkl::transpose transa,
oneapi::mkl::transpose transb,
std::int64_t m,
std::int64_t n,
std::int64_t k,
Ts alpha,
const Ta *a,
std::int64_t lda,
const Tb *b,
std::int64_t ldb,
Ts beta,
Tc *c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

transa Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

transb Specifies op(B), the transposition operation applied tomatrix B. SeeData Types for more details.

m Number of rows ofmatrix op(A) andmatrix C. Must be at least zero.

n Number of columns ofmatrix op(B) andmatrix C. Must be at least zero.

k Number of columns ofmatrix op(A) and rows ofmatrix op(B). Must be at least zero.

alpha Scaling factor for matrix-matrix product.

a Pointer to inputmatrix A. SeeMatrix Storage for more details.

A not transposed A transposed
Column
major

A is m x kmatrix. Size of array amust be at
least lda * k

A is k x mmatrix. Size of array amust be at
least lda * m

Rowmajor A is m x kmatrix. Size of array amust be at
least lda * m

A is k x mmatrix. Size of array amust be at
least lda * k

lda Leading dimension ofmatrix A. Must be positive.

A not transposed A transposed
Columnmajor Must be at least m Must be at least k
Rowmajor Must be at least k Must be at least m
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b Pointer to inputmatrix B. SeeMatrix Storage for more details.

B not transposed B transposed
Column
major

B is k x nmatrix. Size of array bmust be at
least ldb * n

B is n x kmatrix. Size of array bmust be at
least ldb * k

Rowmajor B is k x nmatrix. Size of array bmust be at
least ldb * k

B is n x kmatrix. Size of array bmust be at
least ldb * n

ldb Leading dimension ofmatrix B. Must be positive.

B not transposed B transposed
Columnmajor Must be at least k Must be at least n
Rowmajor Must be at least n Must be at least k

beta Scaling factor for matrix C.

c Pointer to input/outputmatrix C. SeeMatrix Storage for more details.

Columnmajor C is m x nmatrix. Size of array cmust be at least ldc * n
Rowmajor C is m x nmatrix. Size of array cmust be at least ldc * m

ldc Leading dimension ofmatrix C. Must be positive.

Columnmajor Must be at least m
Rowmajor Must be at least n

mode Optional. Computemode settings. SeeComputeModes for more details.

dependencies Optional. List of events to wait for before starting computation, if any. If omitted, defaults to no
dependencies.

mode and dependencies may be omitted independently; it is not necessary to specify mode in order to
provide dependencies.

OutputParameters

c Pointer to output matrix overwritten by alpha * op(A)*op(B) + beta * C.

Note: If beta = 0, matrix C does not need to be initialized before calling gemm.
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ReturnValues

Output event to wait on to ensure computation is complete.

Examples

An example of how to useUSMversion of gemm can be found in oneMKL installation directory, under:

examples/dpcpp/blas/source/gemm_usm.cpp

9.3.2 hemm

Computes amatrix-matrix product where one inputmatrix is hermitian and one is general.

Description

The hemm routines compute a scalar-matrix-matrix product and add the result to a scalar-matrix product, where
one of the matrices in the multiplication is hermitian. The argument left_right determines if the hermitian
matrix, A, is on the left of the multiplication (left_right = side::left) or on the right (left_right = side::
right). The operation is defined as:

If (left_right = side::left),

C ← alpha ∗A ∗B + beta ∗ C

If (left_right = side::right),

C ← alpha ∗B ∗A+ beta ∗ C

where:

• alpha and beta are scalars

• A is either m x m or n x n hermitianmatrix

• B and C are m x nmatrices

hemm supports the following precisions:

T
std::complex<float>
std::complex<double>

hemm(BufferVersion)

Syntax
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namespace oneapi::mkl::blas::column_major {
void hemm(sycl::queue &queue,

oneapi::mkl::side left_right,
oneapi::mkl::uplo upper_lower,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &b,
std::int64_t ldb,
T beta,
sycl::buffer<T,1> &c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset)

}

namespace oneapi::mkl::blas::row_major {
void hemm(sycl::queue &queue,

oneapi::mkl::side left_right,
oneapi::mkl::uplo upper_lower,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &b,
std::int64_t ldb,
T beta,
sycl::buffer<T,1> &c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset)

}

InputParameters

queue The queuewhere the routine should be executed.

left_right Specifies whether matrix A is on the left side or right side of the multiplication. See Data Types for
more details.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

m Number of rows ofmatrix B andmatrix C. Must be at least zero.

n Number of columns ofmatrix B andmatrix C. Must be at least zero.

alpha Scaling factor for matrix-matrix product.

a Buffer holding inputmatrix A. Size of the buffermust be at least lda * m if left_right = side::left or lda * n
if left_right = side::right. SeeMatrix Storage for more details.
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lda Leading dimension of matrix A. Must be at least m if left_right = side::left or at least n if left_right =
side::right. Must be positive.

b Buffer holding input matrix B. Size of the buffermust be at least ldb * n if columnmajor layout or at least ldb *
m if rowmajor layout is used. SeeMatrix Storage for more details.

ldb Leading dimension of matrix B. Must be at least m if column major layout or at least n if row major layout is
used. Must be positive.

beta Scaling factor for matrix C.

c Buffer holding input/outputmatrixC. Sizeof thebuffermust beat leastldc *n if columnmajor layout or at least
ldc * m if rowmajor layout is used. SeeMatrix Storage for more details.

ldc Leading dimension of matrix C. Must be at least m if column major layout or at least n if row major layout is
used. Must be positive.

mode Optional. Computemode settings. SeeComputeModes for more details.

OutputParameters

c Output buffer overwritten by alpha * A * B + beta * C if left_right = side::left or alpha * B * A + beta * C if
left_right = side::right.

Note: If beta = 0, matrix C does not need to be initialized before calling hemm.

hemm(USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event hemm(sycl::queue &queue,

oneapi::mkl::side left_right,
oneapi::mkl::uplo upper_lower,
std::int64_t m,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
const T *b,
std::int64_t ldb,
T beta,
T *c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}
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namespace oneapi::mkl::blas::row_major {
sycl::event hemm(sycl::queue &queue,

oneapi::mkl::side left_right,
oneapi::mkl::uplo upper_lower,
std::int64_t m,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
const T *b,
std::int64_t ldb,
T beta,
T *c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

left_right Specifies whether matrix A is on the left side or right side of the multiplication. See Data Types for
more details.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

m Number of rows ofmatrix B andmatrix C. Must be at least zero.

n Number of columns ofmatrix B andmatrix C. Must be at least zero.

alpha Scaling factor for matrix-matrix product.

a Pointer to input matrix A. Size of the array must be at least lda * m if left_right = side::left or lda * n if
left_right = side::right. SeeMatrix Storage for more details.

lda Leading dimension of matrix A. Must be at least m if left_right = side::left or at least n if left_right =
side::right. Must be positive.

b Pointer to input matrix B. Size of the array must be at least ldb * n if column major layout or at least ldb * m if
rowmajor layout is used. SeeMatrix Storage for more details.

ldb Leading dimension of matrix B. Must be at least m if column major layout or at least n if row major layout is
used. Must be positive.

beta Scaling factor for matrix C.

c Pointer to input/outputmatrix C. Size of the arraymust be at least ldc * n if columnmajor layout or at least ldc
* m if rowmajor layout is used. SeeMatrix Storage for more details.

ldc Leading dimension of matrix C. Must be at least m if column major layout or at least n if row major layout is
used. Must be positive.

164



Intel® oneAPIMath Kernel Library

mode Optional. Computemode settings. SeeComputeModes for more details.

dependencies Optional. List of events to wait for before starting computation, if any. If omitted, defaults to no
dependencies.

mode and dependencies may be omitted independently; it is not necessary to specify mode in order to
provide dependencies.

OutputParameters

c Pointer to output matrix overwritten by alpha * A * B + beta * C if left_right = side::left or alpha * B * A +
beta * C if left_right = side::right.

Note: If beta = 0, matrix C does not need to be initialized before calling hemm.

ReturnValues

Output event to wait on to ensure computation is complete.

9.3.3 her2k

Performs a hermitian rank-2k update.

Description

The her2k routines perform a rank-2k update of an n x n hermitian matrix C by general matrices A and B. The
operation is defined as:

If trans = transpose::nontrans,

C ← alpha ∗A ∗BH + conjg(alpha)B ∗AH + beta ∗ C

where:

• A is n x k and B is k x n.

If trans = transpose::conjtrans,

C ← alpha ∗AH ∗B + conjg(alpha) ∗BH ∗A+ beta ∗ C

where:

• A is k x n and B is n x k.

In both cases:

• alpha is a complex scalar and beta is a real scalar
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• C is hermitianmatrix, A and B are general matrices

• The inner dimension of bothmatrix multiplications is k

her2k supports the following precisions:

T Treal
std::complex<float> float
std::complex<double> double

her2k (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void her2k(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
std::int64_t n,
std::int64_t k,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &b,
std::int64_t ldb,
Treal beta,
sycl::buffer<T,1> &c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset)

}

namespace oneapi::mkl::blas::row_major {
void her2k(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
std::int64_t n,
std::int64_t k,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &b,
std::int64_t ldb,
Treal beta,
sycl::buffer<T,1> &c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset)

}
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InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix C is upper or lower triangular. SeeData Types for more details.

trans Specifies the transposition operation applied as described above. Supported operations are
transpose::nontrans and transpose::conjtrans.

n Number of rows and columns ofmatrix C. Must be at least zero.

k Inner dimension ofmatrix multiplications. Must be at least zero.

alpha Complex scaling factor for the rank-2k update.

a Buffer holding inputmatrix A. SeeMatrix Storage for more details.

trans = transpose::nontrans trans = transpose::conjtrans
Column
major

A is n x kmatrix. Size of array amust be at
least lda * k

A is k x nmatrix. Size of array amust be at
least lda * n

Rowmajor A is n x kmatrix. Size of array amust be at
least lda * n

A is k x nmatrix. Size of array amust be at
least lda * k

lda Leading dimension ofmatrix A. Must be positive.

trans = transpose::nontrans trans = transpose::conjtrans
Columnmajor Must be at least n Must be at least k
Rowmajor Must be at least k Must be at least n

beta Real scaling factor for matrix C.

b Buffer holding inputmatrix B. SeeMatrix Storage for more details.

trans = transpose::nontrans trans = transpose::conjtrans
Column
major

B is k x nmatrix. Size of array bmust be at
least ldb * n

B is n x kmatrix. Size of array bmust be at
least ldb * k

Rowmajor B is k x nmatrix. Size of array bmust be at
least ldb * k

B is n x kmatrix. Size of array bmust be at
least ldb * n

ldb Leading dimension ofmatrix B. Must be positive.

trans = transpose::nontrans trans = transpose::conjtrans
Columnmajor Must be at least k Must be at least n
Rowmajor Must be at least n Must be at least k
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c Buffer holding input/output matrix C. Size of the buffer must be at least ldc * n. SeeMatrix Storage for more
details.

ldc Leading dimension ofmatrix C. Must be positive and at least n.

mode Optional. Computemode settings. SeeComputeModes for more details.

OutputParameters

c Output buffer overwritten by updated Cmatrix.

her2k (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event her2k(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
std::int64_t n,
std::int64_t k,
T alpha,
const T *a,
std::int64_t lda,
const T *b,
std::int64_t ldb,
Treal beta,
T *c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event her2k(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
std::int64_t n,
std::int64_t k,
T alpha,
const T *a,
std::int64_t lda,
const T *b,
std::int64_t ldb,
Treal beta,
T *c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}
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InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix C is upper or lower triangular. SeeData Types for more details.

trans Specifies the transposition operation applied as described above. Supported operations are
transpose::nontrans and transpose::conjtrans.

n Number of rows and columns ofmatrix C. Must be at least zero.

k Inner dimension ofmatrix multiplications. Must be at least zero.

alpha Complex scaling factor for the rank-2k update.

a Pointer to inputmatrix A. SeeMatrix Storage for more details.

trans = transpose::nontrans trans = transpose::conjtrans
Column
major

A is n x kmatrix. Size of array amust be at
least lda * k

A is k x nmatrix. Size of array amust be at
least lda * n

Rowmajor A is n x kmatrix. Size of array amust be at
least lda * n

A is k x nmatrix. Size of array amust be at
least lda * k

lda Leading dimension ofmatrix A. Must be positive.

trans = transpose::nontrans trans = transpose::conjtrans
Columnmajor Must be at least n Must be at least k
Rowmajor Must be at least k Must be at least n

beta Real scaling factor for matrix C.

b Pointer to inputmatrix B. SeeMatrix Storage for more details.

trans = transpose::nontrans trans = transpose::conjtrans
Column
major

B is k x nmatrix. Size of array bmust be at
least ldb * n

B is n x kmatrix. Size of array bmust be at
least ldb * k

Rowmajor B is k x nmatrix. Size of array bmust be at
least ldb * k

B is n x kmatrix. Size of array bmust be at
least ldb * n

ldb Leading dimension ofmatrix B. Must be positive.

trans = transpose::nontrans trans = transpose::conjtrans
Columnmajor Must be at least k Must be at least n
Rowmajor Must be at least n Must be at least k
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c Pointer to input/outputmatrixC. Size of the arraymust be at leastldc *n. SeeMatrixStorage formoredetails.

ldc Leading dimension ofmatrix C. Must be positive and at least n.

mode Optional. Computemode settings. SeeComputeModes for more details.

dependencies Optional. List of events to wait for before starting computation, if any. If omitted, defaults to no
dependencies.

mode and dependencies may be omitted independently; it is not necessary to specify mode in order to
provide dependencies.

OutputParameters

c Pointer to output matrix overwritten by updated Cmatrix.

ReturnValues

Output event to wait on to ensure computation is complete.

9.3.4 herk

Performs a hermitian rank-k update.

Description

Theherk routinescomputea rank-kupdateofahermitianmatrixCbyageneralmatrixA. Theoperation isdefined
as:

C ← alpha ∗ op(A) ∗ op(A)H + beta ∗ C

where:

• op(X) is one of op(X) = X or op(X) = XH

• alpha and beta are real scalars

• C is n x n hermitianmatrix

• op(A) is n x k general matrix

herk supports the following precisions:

T Treal
std::complex<float> float
std::complex<double> double
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herk (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void herk(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
std::int64_t n,
std::int64_t k,
Treal alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
Treal beta,
sycl::buffer<T,1> &c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset)

}

namespace oneapi::mkl::blas::row_major {
void herk(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
std::int64_t n,
std::int64_t k,
Treal alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
Treal beta,
sycl::buffer<T,1> &c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset)

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix C is upper or lower triangular. SeeData Types for more details.

trans Specifies op(A), the transposition operation applied tomatrix A. Supported operations are transpose::
nontrans and transpose::conjtrans. SeeData Types for more details.

n Number of rows and columns ofmatrix C. Must be at least zero.

k Number of columns ofmatrix op(A). Must be at least zero.

alpha Complex scaling factor for the rank-k update.
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a Buffer holding inputmatrix A. SeeMatrix Storage for more details.

trans = transpose::nontrans trans = transpose::conjtrans
Column
major

A is n x kmatrix. Size of array amust be at
least lda * k

A is k x nmatrix. Size of array amust be at
least lda * n

Rowmajor A is n x kmatrix. Size of array amust be at
least lda * n

A is k x nmatrix. Size of array amust be at
least lda * k

lda Leading dimension ofmatrix A. Must be positive.

trans = transpose::nontrans trans = transpose::conjtrans
Columnmajor Must be at least n Must be at least k
Rowmajor Must be at least k Must be at least n

beta Real scaling factor for matrix C.

c Buffer holding input/output matrix C. Size of the buffer must be at least ldc * n. SeeMatrix Storage for more
details.

ldc Leading dimension ofmatrix C. Must be positive and at least n.

mode Optional. Computemode settings. SeeComputeModes for more details.

OutputParameters

c Output buffer overwritten by alpha * op(A) * op(A)H + beta * C. The imaginary parts of the diagonal elements
are set to zero.

herk (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event herk(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
std::int64_t n,
std::int64_t k,
Treal alpha,
const T *a,
std::int64_t lda,
Treal beta,
T *c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}
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namespace oneapi::mkl::blas::row_major {
sycl::event herk(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
std::int64_t n,
std::int64_t k,
Treal alpha,
const T *a,
std::int64_t lda,
Treal beta,
T *c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix C is upper or lower triangular. SeeData Types for more details.

trans Specifies op(A), the transposition operation applied tomatrix A. Supported operations are transpose::
nontrans and transpose::conjtrans. SeeData Types for more details.

n Number of rows and columns ofmatrix C. Must be at least zero.

k Number of columns ofmatrix op(A). Must be at least zero.

alpha Complex scaling factor for the rank-k update.

a Pointer to inputmatrix A. SeeMatrix Storage for more details.

trans = transpose::nontrans trans = transpose::conjtrans
Column
major

A is n x kmatrix. Size of array amust be at
least lda * k

A is k x nmatrix. Size of array amust be at
least lda * n

Rowmajor A is n x kmatrix. Size of array amust be at
least lda * n

A is k x nmatrix. Size of array amust be at
least lda * k

lda Leading dimension ofmatrix A. Must be positive.

trans = transpose::nontrans trans = transpose::conjtrans
Columnmajor Must be at least n Must be at least k
Rowmajor Must be at least k Must be at least n

beta Real scaling factor for matrix C.

c Pointer to input/outputmatrixC. Size of the arraymust be at leastldc *n. SeeMatrixStorage formoredetails.
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ldc Leading dimension ofmatrix C. Must be positive and at least n.

mode Optional. Computemode settings. SeeComputeModes for more details.

dependencies Optional. List of events to wait for before starting computation, if any. If omitted, defaults to no
dependencies.

mode and dependencies may be omitted independently; it is not necessary to specify mode in order to
provide dependencies.

OutputParameters

c Pointer to outputmatrix overwritten by alpha * op(A) * op(A)H + beta * C. The imaginary parts of the diagonal
elements are set to zero.

ReturnValues

Output event to wait on to ensure computation is complete.

9.3.5 symm

Computes amatrix-matrix product where one inputmatrix is symmetric and onematrix is general.

Description

The symm routines compute a scalar-matrix-matrix product and add the result to a scalar-matrix product, where
one of the matrices in the multiplication is symmetric. The argument left_right determines if the symmetric
matrix A is on the left of the multiplication (left_right = side::left) or on the right (left_right = side::
right). The operation is defined as:

If (left_right = side::left),

C ← alpha ∗A ∗B + beta ∗ C

If (left_right = side::right),

C ← alpha ∗B ∗A+ beta ∗ C

where:

• alpha and beta are scalars

• A is either m x m or n x n symmetricmatrix

• B and C are m x nmatrices

symm supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>
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symm(BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void symm(sycl::queue &queue,

oneapi::mkl::side left_right,
oneapi::mkl::uplo upper_lower,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &b,
std::int64_t ldb,
T beta,
sycl::buffer<T,1> &c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset)

}

namespace oneapi::mkl::blas::row_major {
void symm(sycl::queue &queue,

oneapi::mkl::side left_right,
oneapi::mkl::uplo upper_lower,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &b,
std::int64_t ldb,
T beta,
sycl::buffer<T,1> &c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset)

}

InputParameters

queue The queuewhere the routine should be executed.

left_right Specifies whether matrix A is on the left side or right side of the multiplication. See Data Types for
more details.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

m Number of rows ofmatrix B andmatrix C. Must be at least zero.

n Number of columns ofmatrix B andmatrix C. Must be at least zero.
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alpha Scaling factor for matrix-matrix product.

a Buffer holding inputmatrix A. Size of the buffermust be at least lda * m if left_right = side::left or lda * n
if left_right = side::right. SeeMatrix Storage for more details.

lda Leading dimension of matrix A. Must be at least m if left_right = side::left or at least n if left_right =
side::right. Must be positive.

b Buffer holding input matrix B. Size of the buffermust be at least ldb * n if columnmajor layout or at least ldb *
m if rowmajor layout is used. SeeMatrix Storage for more details.

ldb Leading dimension of matrix B. Must be at least m if column major layout or at least n if row major layout is
used. Must be positive.

beta Scaling factor for matrix C.

c Buffer holding input/outputmatrixC. Sizeof thebuffermust beat leastldc *n if columnmajor layout or at least
ldc * m if rowmajor layout is used. SeeMatrix Storage for more details.

ldc Leading dimension of matrix C. Must be at least m if column major layout or at least n if row major layout is
used. Must be positive.

mode Optional. Computemode settings. SeeComputeModes for more details.

OutputParameters

c Output buffer overwritten by alpha * A * B + beta * C if left_right = side::left or alpha * B * A + beta * C if
left_right = side::right.

Note: If beta = 0, matrix C does not need to be initialized before calling symm.

symm(USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event symm(sycl::queue &queue,

oneapi::mkl::side left_right,
oneapi::mkl::uplo upper_lower,
std::int64_t m,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
const T *b,
std::int64_t ldb,
T beta,
T *c,
std::int64_t ldc,

(continues on next page)
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(continued from previous page)

compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event symm(sycl::queue &queue,

oneapi::mkl::side left_right,
oneapi::mkl::uplo upper_lower,
std::int64_t m,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
const T *b,
std::int64_t ldb,
T beta,
T *c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

left_right Specifies whether matrix A is on the left side or right side of the multiplication. See Data Types for
more details.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

m Number of rows ofmatrix B andmatrix C. Must be at least zero.

n Number of columns ofmatrix B andmatrix C. Must be at least zero.

alpha Scaling factor for matrix-matrix product.

a Pointer to input matrix A. Size of the array must be at least lda * m if left_right = side::left or lda * n if
left_right = side::right. SeeMatrix Storage for more details.

lda Leading dimension of matrix A. Must be at least m if left_right = side::left or at least n if left_right =
side::right. Must be positive.

b Pointer to input matrix B. Size of the array must be at least ldb * n if column major layout or at least ldb * m if
rowmajor layout is used. SeeMatrix Storage for more details.

ldb Leading dimension of matrix B. Must be at least m if column major layout or at least n if row major layout is
used. Must be positive.

beta Scaling factor for matrix C.
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c Pointer to input/outputmatrix C. Size of the arraymust be at least ldc * n if columnmajor layout or at least ldc
* m if rowmajor layout is used. SeeMatrix Storage for more details.

ldc Leading dimension of matrix C. Must be at least m if column major layout or at least n if row major layout is
used. Must be positive.

mode Optional. Computemode settings. SeeComputeModes for more details.

dependencies Optional. List of events to wait for before starting computation, if any. If omitted, defaults to no
dependencies.

mode and dependencies may be omitted independently; it is not necessary to specify mode in order to
provide dependencies.

OutputParameters

c Pointer to output matrix overwritten by alpha * A * B + beta * C if left_right = side::left or alpha * B * A +
beta * C if left_right = side::right.

Note: If beta = 0, matrix C does not need to be initialized before calling symm.

ReturnValues

Output event to wait on to ensure computation is complete.

9.3.6 syr2k

Performs a symmetric rank-2k update.

Description

The syr2k routines perform a rank-2k update of an n x n symmetric matrix C by general matrices A and B. The
operation is defined as:

If trans = transpose::nontrans,

C ← alpha ∗ (A ∗BT +B ∗AT ) + beta ∗ C

where A and B are n x kmatrices.

If trans = transpose::trans,

C ← alpha ∗ (AT ∗B +BT ∗A) + beta ∗ C

where A and B are k x nmatrices.

In both cases:
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• alpha and beta are scalars

• C is symmetricmatrix, A and B are general matrices

• The inner dimension of bothmatrix multiplications is k

syr2k supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>

syr2k (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void syr2k(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
std::int64_t n,
std::int64_t k,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &b,
std::int64_t ldb,
T beta,
sycl::buffer<T,1> &c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset)

}

namespace oneapi::mkl::blas::row_major {
void syr2k(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
std::int64_t n,
std::int64_t k,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &b,
std::int64_t ldb,
T beta,
sycl::buffer<T,1> &c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset)

}
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InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix C is upper or lower triangular. SeeData Types for more details.

trans Specifies the transposition operation applied as described above. Conjugation is never performed even
if trans = transpose::conjtrans.

n Number of rows and columns ofmatrix C. Must be at least zero.

k Inner dimension ofmatrix multiplications. Must be at least zero.

alpha Complex scaling factor for the rank-2k update.

a Buffer holding inputmatrix A. SeeMatrix Storage for more details.

trans = transpose::nontrans trans = transpose::trans or trans =
transpose::conjtrans

Column
major

A is n x kmatrix. Size of array amust
be at least lda * k

A is k x nmatrix. Size of array amust be at least
lda * n

Row ma-
jor

A is n x kmatrix. Size of array amust
be at least lda * n

A is k x nmatrix. Size of array amust be at least
lda * k

lda Leading dimension ofmatrix A. Must be positive.

trans = transpose::
nontrans

trans = transpose::trans or trans = transpose:
:conjtrans

Column
major

Must be at least n Must be at least k

Rowmajor Must be at least k Must be at least n

b Buffer holding inputmatrix B. SeeMatrix Storage for more details.

trans = transpose::nontrans trans = transpose::trans or trans =
transpose::conjtrans

Column
major

B is n x kmatrix. Size of array bmust
be at least ldb * k

B is k x nmatrix. Size of array bmust be at least
ldb * n

Row ma-
jor

B is n x kmatrix. Size of array bmust
be at least ldb * n

B is k x nmatrix. Size of array bmust be at least
ldb * k

ldb Leading dimension ofmatrix B. Must be positive.

trans = transpose::
nontrans

trans = transpose::trans or trans = transpose:
:conjtrans

Column
major

Must be at least n Must be at least k

Rowmajor Must be at least k Must be at least n
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c Buffer holding input/output matrix C. Size of the buffer must be at least ldc * n. SeeMatrix Storage for more
details.

ldc Leading dimension ofmatrix C. Must be positive and at least n.

mode Optional. Computemode settings. SeeComputeModes for more details.

OutputParameters

c Output buffer overwritten by updated Cmatrix.

syr2k (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event syr2k(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
std::int64_t n,
std::int64_t k,
T alpha,
const T *a,
std::int64_t lda,
const T *b,
std::int64_t ldb,
T beta,
T *c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event syr2k(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
std::int64_t n,
std::int64_t k,
T alpha,
const T *a,
std::int64_t lda,
const T *b,
std::int64_t ldb,
T beta,
T *c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}
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InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix C is upper or lower triangular. SeeData Types for more details.

trans Specifies the transposition operation applied as described above. Conjugation is never performed even
if trans = transpose::conjtrans.

n Number of rows and columns ofmatrix C. Must be at least zero.

k Inner dimension ofmatrix multiplications. Must be at least zero.

alpha Complex scaling factor for the rank-2k update.

a Pointer to inputmatrix A. SeeMatrix Storage for more details.

trans = transpose::nontrans trans = transpose::trans or trans =
transpose::conjtrans

Column
major

A is n x kmatrix. Size of array amust
be at least lda * k

A is k x nmatrix. Size of array amust be at least
lda * n

Row ma-
jor

A is n x kmatrix. Size of array amust
be at least lda * n

A is k x nmatrix. Size of array amust be at least
lda * k

lda Leading dimension ofmatrix A. Must be positive.

trans = transpose::
nontrans

trans = transpose::trans or trans = transpose:
:conjtrans

Column
major

Must be at least n Must be at least k

Rowmajor Must be at least k Must be at least n

b Pointer to inputmatrix B. SeeMatrix Storage for more details.

trans = transpose::nontrans trans = transpose::trans or trans =
transpose::conjtrans

Column
major

B is n x kmatrix. Size of array bmust
be at least ldb * k

B is k x nmatrix. Size of array bmust be at least
ldb * n

Row ma-
jor

B is n x kmatrix. Size of array bmust
be at least ldb * n

B is k x nmatrix. Size of array bmust be at least
ldb * k

ldb Leading dimension ofmatrix B. Must be positive.

trans = transpose::
nontrans

trans = transpose::trans or trans = transpose:
:conjtrans

Column
major

Must be at least n Must be at least k

Rowmajor Must be at least k Must be at least n
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c Pointer to input/outputmatrixC. Size of the arraymust be at leastldc *n. SeeMatrixStorage formoredetails.

ldc Leading dimension ofmatrix C. Must be positive and at least n.

mode Optional. Computemode settings. SeeComputeModes for more details.

dependencies Optional. List of events to wait for before starting computation, if any. If omitted, defaults to no
dependencies.

mode and dependencies may be omitted independently; it is not necessary to specify mode in order to
provide dependencies.

OutputParameters

c Pointer to output matrix overwritten by updated Cmatrix.

ReturnValues

Output event to wait on to ensure computation is complete.

9.3.7 syrk

Performs a symmetric rank-k update.

Description

Thesyrk routinesperformarank-kupdateofasymmetricmatrixCbyageneralmatrixA. Theoperation isdefined
as:

C ← alpha ∗ op(A) ∗ op(A)T + beta ∗ C

where:

• op(X) is one of op(X) = X or op(X) = XT

• alpha and beta are scalars

• C is n x n symmetricmatrix,

• op(A) is n x k general matrix

syrk supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>
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syrk (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void syrk(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
std::int64_t n,
std::int64_t k,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
T beta,
sycl::buffer<T,1> &c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset)

}

namespace oneapi::mkl::blas::row_major {
void syrk(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
std::int64_t n,
std::int64_t k,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
T beta,
sycl::buffer<T,1> &c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset)

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix C is upper or lower triangular. SeeData Types for more details.

trans Specifies op(A), the transposition operation applied to matrix A. Conjugation is never performed even if
trans = transpose::conjtrans. SeeData Types for more details.

n Number of rows and columns ofmatrix C. Must be at least zero.

k Number of columns ofmatrix op(A). Must be at least zero.

alpha Scaling factor for the rank-k update.
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a Buffer holding inputmatrix A. SeeMatrix Storage for more details.

trans = transpose::nontrans trans = transpose::trans or trans =
transpose::conjtrans

Column
major

A is n x kmatrix. Size of array amust
be at least lda * k

A is k x nmatrix. Size of array amust be at least
lda * n

Row ma-
jor

A is n x kmatrix. Size of array amust
be at least lda * n

A is k x nmatrix. Size of array amust be at least
lda * k

lda Leading dimension ofmatrix A. Must be positive.

trans = transpose::
nontrans

trans = transpose::trans or trans = transpose:
:conjtrans

Column
major

Must be at least n Must be at least k

Rowmajor Must be at least k Must be at least n

beta Scaling factor for matrix C.

c Buffer holding input/output matrix C. Size of the buffer must be at least ldc * n. SeeMatrix Storage for more
details.

ldc Leading dimension ofmatrix C. Must be positive and at least n.

mode Optional. Computemode settings. SeeComputeModes for more details.

OutputParameters

c Output buffer overwritten by alpha * op(A) * op(A)T + beta * C.

syrk (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event syrk(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
std::int64_t n,
std::int64_t k,
T alpha,
const T *a,
std::int64_t lda,
T beta,
T *c,

(continues on next page)
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std::int64_t ldc,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event syrk(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
std::int64_t n,
std::int64_t k,
T alpha,
const T *a,
std::int64_t lda,
T beta,
T *c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix C is upper or lower triangular. SeeData Types for more details.

trans Specifies op(A), the transposition operation applied to matrix A. Conjugation is never performed even if
trans = transpose::conjtrans. SeeData Types for more details.

n Number of rows and columns ofmatrix C. Must be at least zero.

k Number of columns ofmatrix op(A). Must be at least zero.

alpha Scaling factor for the rank-k update.

a Pointer to inputmatrix A. SeeMatrix Storage for more details.

trans = transpose::nontrans trans = transpose::trans or trans =
transpose::conjtrans

Column
major

A is n x kmatrix. Size of array amust
be at least lda * k

A is k x nmatrix. Size of array amust be at least
lda * n

Row ma-
jor

A is n x kmatrix. Size of array amust
be at least lda * n

A is k x nmatrix. Size of array amust be at least
lda * k

lda Leading dimension ofmatrix A. Must be positive.
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trans = transpose::
nontrans

trans = transpose::trans or trans = transpose:
:conjtrans

Column
major

Must be at least n Must be at least k

Rowmajor Must be at least k Must be at least n

beta Scaling factor for matrix C.

c Pointer to input/outputmatrixC. Size of the arraymust be at leastldc *n. SeeMatrixStorage formoredetails.

ldc Leading dimension ofmatrix C. Must be positive and at least n.

mode Optional. Computemode settings. SeeComputeModes for more details.

dependencies Optional. List of events to wait for before starting computation, if any. If omitted, defaults to no
dependencies.

mode and dependencies may be omitted independently; it is not necessary to specify mode in order to
provide dependencies.

OutputParameters

c Pointer to output matrix, overwritten by alpha * op(A) * op(A)T + beta * C.

ReturnValues

Output event to wait on to ensure computation is complete.

9.3.8 trmm

Computes amatrix-matrix product where one inputmatrix is triangular and othermatrix is general.

Description

The trmm routines compute a scalar-matrix-matrix product where one of the matrices in the multiplication is
triangular. The argument left_right determines if the triangular matrix, A, is on the left of the multiplication
(left_right = side::left) or on the right (left_right = side::right). The operation is defined as:

If (left_right = side::left),

B ← alpha ∗ op(A) ∗B

If (left_right = side::right),

B ← alpha ∗B ∗ op(A)

where:
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• op(A) is one of op(A) = A, or op(A) = AT, or op(A) = AH

• alpha is a scalar

• A is either m x m or n x n triangular matrix

• B is m x n general matrix

trmm supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>

trmm(BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void trmm(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &b,
std::int64_t ldb,
compute_mode mode = compute_mode::unset)

}

namespace oneapi::mkl::blas::row_major {
void trmm(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &b,
std::int64_t ldb,
compute_mode mode = compute_mode::unset)

}
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InputParameters

queue The queuewhere the routine should be executed.

left_right Specifies whether matrix A is on the left side or right side of the multiplication. See Data Types for
more details.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

trans Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

unit_diag Specifies whethermatrix A is unit triangular or not. SeeData Types for more details.

m Number of rows ofmatrix B. Must be at least zero.

n Number of columns ofmatrix B. Must be at least zero.

alpha Scaling factor for matrix-matrix product.

a Buffer holding inputmatrix A. Size of the buffermust be at least lda * m if left_right = side::left or lda * n
if left_right = side::right. SeeMatrix Storage for more details.

lda Leading dimension of matrix A. Must be at least m if left_right = side::left or at least n if left_right =
side::right. Must be positive.

b Buffer holding input matrix B. Size of the buffermust be at least ldb * n if columnmajor layout or at least ldb *
m if rowmajor layout is used. SeeMatrix Storage for more details.

ldb Leading dimension of matrix B. Must be at least m if column major layout or at least n if row major layout is
used. Must be positive.

mode Optional. Computemode settings. SeeComputeModes for more details.

OutputParameters

b Output buffer overwrittenbyalpha * op(A) *B ifleft_right =side::leftoralpha *B * op(A) ifleft_right
= side::right.

Note: If alpha = 0, matrix B is set to zero, and A and B do not need to be initialized at entry.

trmm(USMVersion)

Syntax
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namespace oneapi::mkl::blas::column_major {
sycl::event trmm(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t m,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
T *b,
std::int64_t ldb,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event trmm(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t m,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
T *b,
std::int64_t ldb,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

left_right Specifies whether matrix A is on the left side or right side of the multiplication. See Data Types for
more details.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

trans Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

unit_diag Specifies whethermatrix A is unit triangular or not. SeeData Types for more details.

m Number of rows ofmatrix B. Must be at least zero.

n Number of columns ofmatrix B. Must be at least zero.

alpha Scaling factor for matrix-matrix product.

a Pointer to input matrix A. Size of the array must be at least lda * m if left_right = side::left or lda * n if
left_right = side::right. SeeMatrix Storage for more details.
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lda Leading dimension of matrix A. Must be at least m if left_right = side::left or at least n if left_right =
side::right. Must be positive.

b Pointer to input matrix B. Size of the array must be at least ldb * n if column major layout or at least ldb * m if
rowmajor layout is used. SeeMatrix Storage for more details.

ldb Leading dimension of matrix B. Must be at least m if column major layout or at least n if row major layout is
used. Must be positive.

mode Optional. Computemode settings. SeeComputeModes for more details.

dependencies Optional. List of events to wait for before starting computation, if any. If omitted, defaults to no
dependencies.

mode and dependencies may be omitted independently; it is not necessary to specify mode in order to
provide dependencies.

OutputParameters

b Pointer to output matrix overwritten by alpha * op(A) * B if left_right = side::left or alpha * B * op(A) if
left_right = side::right.

Note: If alpha = 0, matrix B is set to zero, and A and B do not need to be initialized at entry.

ReturnValues

Output event to wait on to ensure computation is complete.

9.3.9 trsm

Solves a triangular matrix equation (forward or backward solve).

Description

The trsm routines solve triangular matrix equations where one of thematrices in themultiplication is triangular.
The argument left_right determines if the triangularmatrix, A, is on the left of themultiplication (left_right
= side::left) or on the right (left_right = side::right). The operation is defined as:

If (left_right = side::left),

op(A) ∗X = alpha ∗B

If (left_right = side::right),

X ∗ op(A) = alpha ∗B

where:
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• op(A) is one of op(A) = A, or op(A) = AT, or op(A) = AH

• alpha is a scalar

• A is either m x m or n x n triangular matrix

• B and X are m x n general matrices

On return, matrix B is overwritten by solutionmatrix X.

trsm supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>

trsm (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void trsm(sycl::queue &queue,

oneapi::mkl::side left_right,
oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose transa,
oneapi::mkl::diag unit_diag,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &b,
std::int64_t ldb,
compute_mode mode = compute_mode::unset)

}

namespace oneapi::mkl::blas::row_major {
void trsm(sycl::queue &queue,

oneapi::mkl::side left_right,
oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &b,

(continues on next page)
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(continued from previous page)

std::int64_t ldb,
compute_mode mode = compute_mode::unset)

}

InputParameters

queue The queuewhere the routine should be executed.

left_right Specifies whether matrix A is on the left side or right side of the multiplication. See Data Types for
more details.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

trans Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

unit_diag Specifies whethermatrix A is unit triangular or not. SeeData Types for more details.

m Number of rows ofmatrix B. Must be at least zero.

n Number of columns ofmatrix B. Must be at least zero.

alpha Scaling factor for the solution.

a Buffer holding inputmatrix A. Size of the buffermust be at least lda * m if left_right = side::left or lda * n
if left_right = side::right. SeeMatrix Storage for more details.

lda Leading dimension of matrix A. Must be at least m if left_right = side::left or at least n if left_right =
side::right. Must be positive.

b Buffer holding input matrix B. Size of the buffermust be at least ldb * n if columnmajor layout or at least ldb *
m if rowmajor layout is used. SeeMatrix Storage for more details.

ldb Leading dimension of matrix B. Must be at least m if column major layout or at least n if row major layout is
used. Must be positive.

mode Optional. Computemode settings. SeeComputeModes for more details.

OutputParameters

b Output buffer overwritten by solutionmatrix X.

Note: If alpha = 0, matrix B is set to zero, and A and B do not need to be initialized before calling trsm.
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trsm (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event trsm(sycl::queue &queue,

oneapi::mkl::side left_right,
oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t m,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
T *b,
std::int64_t ldb,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event trsm(sycl::queue &queue,

oneapi::mkl::side left_right,
oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t m,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
T *b,
std::int64_t ldb,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

left_right Specifies whether matrix A is on the left side or right side of the multiplication. See Data Types for
more details.

upper_lower Specifies whethermatrix A is upper or lower triangular. SeeData Types for more details.

trans Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

unit_diag Specifies whethermatrix A is unit triangular or not. SeeData Types for more details.
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m Number of rows ofmatrix B. Must be at least zero.

n Number of columns ofmatrix B. Must be at least zero.

alpha Scaling factor for the solution.

a Pointer to input matrix A. Size of the array must be at least lda * m if left_right = side::left or lda * n if
left_right = side::right. SeeMatrix Storage for more details.

lda Leading dimension of matrix A. Must be at least m if left_right = side::left or at least n if left_right =
side::right. Must be positive.

b Pointer to input matrix B. Size of the array must be at least ldb * n if column major layout or at least ldb * m if
rowmajor layout is used. SeeMatrix Storage for more details.

ldb Leading dimension of matrix B. Must be at least m if column major layout or at least n if row major layout is
used. Must be positive.

mode Optional. Computemode settings. SeeComputeModes for more details.

dependencies Optional. List of events to wait for before starting computation, if any. If omitted, defaults to no
dependencies.

mode and dependencies may be omitted independently; it is not necessary to specify mode in order to
provide dependencies.

OutputParameters

b Pointer to output matrix overwritten by solutionmatrix X.

Note: If alpha = 0, matrix B is set to zero, and A and B do not need to be initialized before calling trsm.

ReturnValues

Output event to wait on to ensure computation is complete.

9.4 BLAS-likeExtensions

Intel® oneAPI Math Kernel Library (oneMKL) DPC++ provides additional routines to extend the functionality of
the BLAS routines. These include routines to computemany independent vector-vector, vector-matrix, matrix-
matrix operations.

The following table lists these routines.

195



Intel® oneAPIMath Kernel Library

Routine Data Types Description
axpby float, double, std::complex<float>,

std::complex<double>
Computes a vector-scalar product
added to a scaled-vector.

axpy_batch float, double, std::complex<float>,
std::complex<double>

Computes groups of vector-scalar prod-
uct added to a vector.

copy_batch float, double, std::complex<float>,
std::complex<double>

Computes groups of vector copies.

dgmm_batch float, double, std::complex<float>,
std::complex<double>

Computes a group of diagonal matrix-
matrix product.

gemm_batch std::int8_t, oneapi::mkl::
bfloat16, sycl::half, float,
double, std::complex<float>, std::
complex<double>, mixed

Computes groups of matrix-matrix prod-
uct with general matrices.

gemm_bias mixed std::int8_t, std::uint8_t,
and std::int32_t

Computes a matrix-matrix product with
general matrices andmixed precision.

gemmt float, double, std::complex<float>,
std::complex<double>

Computes a matrix-matrix product with
general matrices, but updates only the
upper/lower triangular part of the output
matrix.

gemv_batch float, double, std::complex<float>,
std::complex<double>

Computesagroupofmatrix-vectorprod-
uct using general matrices.

syrk_batch float, double, std::complex<float>,
std::complex<double>

Computes rank-k updates on a group of
symmetric matrices by a group of gen-
eral matrices.

trsm_batch float, double, std::complex<float>,
std::complex<double>

Solves a triangular matrix equation for a
group ofmatrices.

omatcopy float, double, std::complex<float>,
std::complex<double>

Computes an out-of-place matrix copy
or transposition.

imatcopy float, double, std::complex<float>,
std::complex<double>

Computes an in-place matrix copy or
transposition.

omatadd float, double, std::complex<float>,
std::complex<double>

Computes a sum of two general matri-
ces, with optional transposes.

omatcopy_batch float, double, std::complex<float>,
std::complex<double>

Computes groups of out-of-placematrix
copies or transpositions.

imatcopy_batch float, double, std::complex<float>,
std::complex<double>

Computes groups of in-place matrix
copies or transpositions.

omatadd_batch float, double, std::complex<float>,
std::complex<double>

Computes groups ofmatrix additions.
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9.4.1 axpby

Computes a vector-scalar product added to a scaled-vector.

Description

The axpby routines compute two scalar-vector products and add them:

y ← beta ∗ y + alpha ∗ x

where:

• x and y are vectors of n elements

• alpha and beta are scalars

axpby supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>

axpby (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void axpby(sycl::queue &queue,

std::int64_t n,
T alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
T beta,
sycl::buffer<T,1> &y,
std::int64_t incy);

}

namespace oneapi::mkl::blas::row_major {
void axpby(sycl::queue &queue,

std::int64_t n,
T alpha,
sycl::buffer<T,1> &x,
std::int64_t incx,
T beta,
sycl::buffer<T,1> &y,
std::int64_t incy);

}
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InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vectors x and y.

alpha Specifies the scalar alpha.

x Buffer holding input vector x. Size of the buffermust be at least 1 + (n - 1)*abs(incx)). SeeMatrix Storage for
more details.

incx Stride between two consecutive elements of vector x.

beta Specifies the scalar beta.

y Buffer holding input vector y. Size of the buffermust be at least 1 + (n - 1)*abs(incy)). SeeMatrix Storage for
more details.

incy Stride between two consecutive elements of vector y.

OutputParameters

y Buffer holding updated vector y.

axpby (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event axpby(sycl::queue &queue,

std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
T beta,
T *y,
std::int64_t incy,
const std::vector<event> &dependencies = {});

}

namespace oneapi::mkl::blas::row_major {
sycl::event axpby(sycl::queue &queue,

std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
T beta,
T *y,
std::int64_t incy,
const std::vector<event> &dependencies = {});

}
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InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vectors x and y.

alpha Specifies the scalar alpha.

x Pointer to the input vector x. Size of the array must be at least 1 + (n - 1)*abs(incx)). SeeMatrix Storage for
more details.

incx Stride between two consecutive elements of vector x.

beta Specifies the scalar beta.

y Pointer to the input vector y. Size of the array must be at least 1 + (n - 1)*abs(incy)). SeeMatrix Storage for
more details.

incy Stride between two consecutive elements of vector y.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

y Array holding updated vector y.

ReturnValues

Output event to wait on to ensure computation is complete.

9.4.2 axpy_batch

Computes a group of axpy operations.

Description

The axpy_batch routines are batched versions of axpy, performing multiple axpy operations in a single call.
Each axpy operation adds a scalar-vector product to a vector.

axpy_batch supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>
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axpy_batch (BufferVersion)

Buffer version of axpy_batch supports only stridedAPI.

StridedAPI

StridedAPI operation is defined as:

for i = 0 … batch_size – 1
X and Y are vectors at offset i * stridex and i * stridey in x and y
Y = alpha * X + Y

end for

where:

• alpha is scalar

• X and Y are vectors

For strided API, all vectors X and Y have same parameters (size, increments) and are stored at constant stride
given by stridex and stridey from each other. The x and y arrays contain all the input vectors. Total number
of vectors in x and y are given by batch_size parameter.

Syntax

namespace oneapi::mkl::blas::column_major {
void axpy_batch(sycl::queue &queue,

std::int64_t n,
T alpha,
sycl::buffer<T, 1> &x,
std::int64_t incx,
std::int64_t stridex,
sycl::buffer<T, 1> &y,
std::int64_t incy,
std::int64_t stridey,
std::int64_t batch_size)

}

namespace oneapi::mkl::blas::row_major {
void axpy_batch(sycl::queue &queue,

std::int64_t n,
T alpha,
sycl::buffer<T, 1> &x,
std::int64_t incx,
std::int64_t stridex,
sycl::buffer<T, 1> &y,
std::int64_t incy,
std::int64_t stridey,
std::int64_t batch_size)

}
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InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vectors X and Y.

alpha Specifies the scalar alpha.

x Buffer holding input vectors X. Size of the buffermust be at least batch_size * stridex.

incx Stride between two consecutive elements of X vectors.

stridex Stride between two consecutive X vectors. Must be at least (1 + (n-1)*abs(incx)). SeeMatrix Storage
for more details.

y Buffer holding input/output vectors Y. Size of the buffermust be at least batch_size * stridey.

incy Stride between two consecutive elements of Y vectors.

stridey Stride between two consecutive Y vectors. Must be at least (1 + (n-1)*abs(incy)). SeeMatrix Storage
for more details.

batch_size Number of axpy computations to perform. Must be at least zero.

OutputParameters

y Output buffer overwritten by batch_size axpy operations of the form alpha * X + Y.

axpy_batch (USMVersion)

USMversion of axpy_batch supports groupAPI and stridedAPI.

GroupAPI

GroupAPI operation is defined as:

idx = 0
for i = 0 … group_count – 1

for j = 0 … group_size – 1
X and Y are vectors at x[idx] and y[idx]
Y = alpha[i] * X + Y
idx = idx + 1

end for
end for

where:

• alpha is scalar

• X and Y are vectors

For groupAPI, each group contains vectorswith the sameparameters (size and increment). The x and y arrays
contain the pointers for all the input vectors. Total number of vectors in x and y are given by:

total_batch_count =
group_count−1∑

i=0

group_size[i]
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Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event axpy_batch(sycl::queue &queue,

const std::int64_t *n,
const T *alpha,
const T **x,
const std::int64_t *incx,
T **y,
const std::int64_t *incy,
std::int64_t group_count,
const std::int64_t *group_size,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event axpy_batch(sycl::queue &queue,

const std::int64_t *n,
const T *alpha,
const T **x,
const std::int64_t *incx,
T **y,
const std::int64_t *incy,
std::int64_t group_count,
const std::int64_t *group_size,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

n Arrayofgroup_count integers. n[i]specifiesnumberofelements invectorsXandY foreveryvector ingroup
i.

alpha Array of group_count scalar elements. alpha[i] specifies scaling factor for vector X in group i.

x Array of pointers to input vectors Xwith size total_batch_count. Size of the array allocated for the X vector
of the group imust be at least (1 + (n[i] – 1)*abs(incx[i])). SeeMatrix Storage for more details.

incx Array of group_count integers. incx[i] specifies stride of vector X in group i.

y Array of pointers to input/output vectors Ywith size total_batch_count. Size of the array allocated for the Y
vector of the group imust be at least (1 + (n[i] – 1)*abs(incy[i])). SeeMatrix Storage for more details.

incy Array of group_count integers. incy[i] specifies the stride of vector Y in group i.

group_count Number of groups. Must be at least zero.

group_size Arrayofgroup_count integers. group_size[i] specifies thenumber ofaxpyoperations in group
i. Each element in group_sizemust be at least zero.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.
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OutputParameters

y Array of pointers holding Y vectors, overwritten by total_batch_count axpy operations of the form alpha *
X + Y.

ReturnValues

Output event to wait on to ensure computation is complete.

StridedAPI

StridedAPI operation is defined as:

for i = 0 … batch_size – 1
X and Y are vectors at offset i * stridex and i * stridey in x and y
Y = alpha * X + Y

end for

where:

• alpha is scalar

• X and Y are vectors

For strided API, all vectors X and Y have same parameters (size, increments) and are stored at constant stride
given by stridex and stridey from each other. The x and y arrays contain all the input vectors. Total number
of vectors in x and y are given by batch_size parameter.

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event axpy_batch(sycl::queue &queue,

std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
std::int64_t stridex,
T *y,
std::int64_t incy,
std::int64_t stridey,
std::int64_t batch_size,
const std::vector<sycl::event> &dependencies = {})

}
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namespace oneapi::mkl::blas::row_major {
sycl::event axpy_batch(sycl::queue &queue,

std::int64_t n,
T alpha,
const T *x,
std::int64_t incx,
std::int64_t stridex,
T *y,
std::int64_t incy,
std::int64_t stridey,
std::int64_t batch_size,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vectors X and Y.

alpha Specifies the scalar alpha.

x Pointer to input vectors X. Size of the arraymust be at least batch_size * stridex.

incx Stride between two consecutive elements of X vectors.

stridex Stride between two consecutive X vectors. Must be at least (1 + (n-1)*abs(incx)). SeeMatrix Storage
for more details.

y Pointer to input/output vectors Y. Size of the arraymust be at least batch_size * stridey.

incy Stride between two consecutive elements of Y vectors.

stridey Stride between two consecutive Y vectors. Must be at least (1 + (n-1)*abs(incy)). SeeMatrix Storage
for more details.

batch_size Number of axpy computations to perform. Must be at least zero.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

y Pointer to output vectors Y overwritten by batch_size axpy operations of the form alpha * X + Y.
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ReturnValues

Output event to wait on to ensure computation is complete.

9.4.3 copy_batch

Computes a group of copy operations.

Description

The copy_batch routines are batched versions of copy, performing multiple copy operations in a single call.
Each copy operation copies one vector to another.

copy_batch supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>

copy_batch (BufferVersion)

Buffer version of copy_batch supports only stridedAPI.

StridedAPI

StridedAPI operation is defined as:

for i = 0 … batch_size – 1
X and Y are vectors at offset i * stridex and i * stridey in x and y
Y = X

end for

where:

• X and Y are vectors

For strided API, all vectors x (y) have same parameters (size, increments) and are stored at constant stridex
(stridey) from each other. The x and y arrays contain all the input vectors. Total number of vectors in x and y
are given by batch_size parameter.
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Syntax

namespace oneapi::mkl::blas::column_major {
void copy_batch(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T, 1> &x,
std::int64_t incx,
std::int64_t stridex,
sycl::buffer<T, 1> &y,
std::int64_t incy,
std::int64_t stridey,
std::int64_t batch_size)

}

namespace oneapi::mkl::blas::row_major {
void copy_batch(sycl::queue &queue,

std::int64_t n,
sycl::buffer<T, 1> &x,
std::int64_t incx,
std::int64_t stridex,
sycl::buffer<T, 1> &y,
std::int64_t incy,
std::int64_t stridey,
std::int64_t batch_size)

}

InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vectors X and Y.

x Buffer holding input vectors X. Size of the buffermust be at least batch_size * stridex.

incx Stride between two consecutive elements of X vectors.

stridex Stride between two consecutive X vectors. Must be at least (1 + (n-1)*abs(incx)). SeeMatrix Storage
for more details.

y Buffer holding input/output vectors Y. Size of the buffermust be at least batch_size * stridey.

incy Stride between two consecutive elements of Y vectors.

stridey Stride between two consecutive Y vectors. Must be at least (1 + (n-1)*abs(incy)). SeeMatrix Storage
for more details.

batch_size Number of copy computations to perform. Must be at least zero.
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OutputParameters

y Output buffer overwritten by batch_size copy operations.

copy_batch (USMVersion)

USMversion of copy_batch supports groupAPI and stridedAPI.

GroupAPI

GroupAPI operation is defined as:

idx = 0
for i = 0 … group_count – 1

for j = 0 … group_size – 1
X and Y are vectors at x[idx] and y[idx]
Y = X
idx = idx + 1

end for
end for

where:

• X and Y are vectors

For groupAPI, each group contains vectorswith the sameparameters (size and increment). The x and y arrays
contain the pointers for all the input vectors. Total number of vectors in x and y are given by:

total_batch_count =
group_count−1∑

i=0

group_size[i]

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event copy_batch(sycl::queue &queue,

const std::int64_t *n,
const T **x,
const std::int64_t *incx,
T **y,
const std::int64_t *incy,
std::int64_t group_count,
const std::int64_t *group_size,
const std::vector<sycl::event> &dependencies = {})

}
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namespace oneapi::mkl::blas::row_major {
sycl::event copy_batch(sycl::queue &queue,

const std::int64_t *n,
const T **x,
const std::int64_t *incx,
T **y,
const std::int64_t *incy,
std::int64_t group_count,
const std::int64_t *group_size,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

n Arrayofgroup_count integers. n[i]specifiesnumberofelements invectorsXandY foreveryvector ingroup
i.

x Array of pointers to input vectors Xwith size total_batch_count. Size of the array allocated for the X vector
of the group imust be at least (1 + (n[i] – 1)*abs(incx[i])). SeeMatrix Storage for more details.

incx Array of group_count integers. incx[i] specifies stride of vector X in group i.

y Array of pointers to input/output vectors Ywith size total_batch_count. Size of the array allocated for the Y
vector of the group imust be at least (1 + (n[i] – 1)*abs(incy[i])). SeeMatrix Storage for more details.

incy Array of group_count integers. incy[i] specifies the stride of vector Y in group i.

group_count Number of groups. Must be at least zero.

group_size Arrayofgroup_count integers. group_size[i] specifies thenumber ofcopyoperations in group
i. Each element in group_sizemust be at least zero.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

y Array of pointers holding Y vectors, overwritten by total_batch_count copy operations.

ReturnValues

Output event to wait on to ensure computation is complete.
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Examples

An example of how to useUSMversion of copy_batch can be found in oneMKL installation directory, under:

examples/dpcpp/blas/source/copy_batch_usm.cpp

StridedAPI

StridedAPI operation is defined as:

for i = 0 … batch_size – 1
X and Y are vectors at offset i * stridex and i * stridey in x and y
Y = X

end for

where:

• X and Y are vectors

For strided API, all vectors x (y) have same parameters (size, increments) and are stored at constant stridex
(stridey) from each other. The x and y arrays contain all the input vectors. Total number of vectors in x and y
are given by batch_size parameter.

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event copy_batch(sycl::queue &queue,

std::int64_t n,
const T *x,
std::int64_t incx,
std::int64_t stridex,
T *y,
std::int64_t incy,
std::int64_t stridey,
std::int64_t batch_size,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event copy_batch(sycl::queue &queue,

std::int64_t n,
const T *x,
std::int64_t incx,
std::int64_t stridex,
T *y,
std::int64_t incy,
std::int64_t stridey,
std::int64_t batch_size,
const std::vector<sycl::event> &dependencies = {})

}
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InputParameters

queue The queuewhere the routine should be executed.

n Number of elements in vectors X and Y.

x Pointer to input vectors X. Size of the arraymust be at least batch_size * stridex.

incx Stride between two consecutive elements of X vectors.

stridex Stride between two consecutive X vectors. Must be at least (1 + (n-1)*abs(incx)). SeeMatrix Storage
for more details.

y Pointer to input/output vectors Y. Size of the arraymust be at least batch_size * stridey.

incy Stride between two consecutive elements of Y vectors.

stridey Stride between two consecutive Y vectors. Must be at least (1 + (n-1)*abs(incy)). SeeMatrix Storage
for more details.

batch_size Number of copy computations to perform. Must be at least zero.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

y Output vectors overwritten by batch_size copy operations.

ReturnValues

Output event to wait on to ensure computation is complete.

9.4.4 dgmm_batch

Computes a group of (diagonal matrix-matrix product (dgmm) operations.

Description

Thedgmm_batch routinesperformmultiplediagonalmatrix-matrixproduct (dgmm)operations inasinglecall. The
diagonal matrices are stored as dense vectors and the operations are performed with groups of matrices and
vectors.

dgmm_batch supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>
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dgmm_batch (BufferVersion)

Buffer version of dgmm_batch supports only stridedAPI.

StridedAPI

StridedAPI operation is defined as:

for i = 0 … batch_size – 1
A and C are matrices at offset i * stridea in a, i * stridec in c.
X is a vector at offset i * stridex in x
if (left_right == side::left)

C = diag(X) * A
else

C = A * diag(X)
end for

where:

• A is amatrix

• X is a diagonal matrix stored as a vector

For stridedAPI, all matrices A and C and vector X have the sameparameters (size, increments) and are stored at
a constant stride given by stridea, stridec and stridex from each other.

The a and x buffers contain all the inputmatrices. Total number of matrices in a and x are given by batch_size
parameter.

Syntax

namespace oneapi::mkl::blas::column_major {
void dgmm_batch(sycl::queue &queue,

oneapi::mkl::side left_right,
std::inte64_t m,
std::int64_t n,
sycl::buffer<T,1> &a,
std::int64_t lda,
std::int64_t stridea,
sycl::buffer<T,1> &x,
std::int64_t incx,
std::int64_t stridex,
sycl::buffer<T,1> &c,
std::int64_t ldc,
std::int64_t stridec,
std::int64_t batch_size);

}
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namespace oneapi::mkl::blas::row_major {
void dgmm_batch(sycl::queue &queue,

oneapi::mkl::side left_right,
std::inte64_t m,
std::int64_t n,
sycl::buffer<T,1> &a,
std::int64_t lda,
std::int64_t stridea,
sycl::buffer<T,1> &x,
std::int64_t incx,
std::int64_t stridex,
sycl::buffer<T,1> &c,
std::int64_t ldc,
std::int64_t stridec,
std::int64_t batch_size);

}

InputParameters

queue The queuewhere the routine should be executed.

left_right Specifies the position of the diagonal matrix in the product. SeeData Types for more details.

m Number of rows ofmatrix A andmatrix C. Must be at least zero.

n Number of columns ofmatrix A andmatrix C. Must be at least zero.

a Buffer holding inputmatrices A. Size of the buffermust be at least lda * k + stridea * (batch_size - 1) where
k is n if columnmajor layout or m if rowmajor layout is used.

lda Leading dimension of matrices A. Must be at least m if column major layout or n if row major layout is used.
Must be positive.

stridea Stridebetween twoconsecutiveAmatrices. Must be at least zero. SeeMatrixStorage formoredetails.

x Buffer holding input matrices X. Size of the buffer must be at least (1 + (len - 1)*abs(incx)) + stridex *
(batch_size - 1) where len is n if the diagonal matrix is on the right of the product or m otherwise.

incx Stride between two consecutive elements of the X vectors.

stridex Stride between two consecutive X vectors. Must be at least zero. SeeMatrix Storage for more details.

c Buffer holding input/outputmatrices C. Size of the buffermust be at least batch_size * stridec.

ldc Leading dimension of matrices C. Must be at least m if column major layout or n if row major layout is used.
Must be positive.

stridec Stride between two consecutive Cmatrices. Must be at least ldc * n if columnmajor layout or ldc * m if
rowmajor layout is used. SeeMatrix Storage for more details.

batch_size Number of dgmm computations to perform. Must be at least zero.
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OutputParameters

c Buffer holding outputmatrices C overwritten by batch_size dgmm operations.

dgmm_batch (USMVersion)

USMversion of dgmm_batch supports groupAPI and stridedAPI.

GroupAPI

GroupAPI operation is defined as:

idx = 0
for i = 0 … group_count – 1

for j = 0 … group_size – 1
A and C are matrices at a[idx] and c[idx]
X is a vector at x[idx]
if (left_right[idx] == side::left)

C = diag(X) * A
else

C = A * diag(X)
idx = idx + 1

end for
end for

where:

• A is amatrix

• X is a diagonal matrix stored as a vector

For groupAPI, eachgroupcontainmatrices and vectorswith the sameparameters (size, increment). The a and
x arrays contain the pointers for all the inputmatrices. Total number of matrices in a and x are given by:

total_batch_count =
group_count−1∑

i=0

group_size[i]

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event dgmm_batch(sycl::queue &queue,

const oneapi::mkl::side *left_right,
const std::int64_t *m,
const std::int64_t *n,
const T **a,
const std::int64_t *lda,
const T **x,

(continues on next page)
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(continued from previous page)

const std::int64_t *incx,
T **c,
const std::int64_t *ldc,
std::int64_t group_count,
const std::int64_t *group_size,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event dgmm_batch(sycl::queue &queue,

const oneapi::mkl::side *left_right,
const std::int64_t *m,
const std::int64_t *n,
const T **a,
const std::int64_t *lda,
const T **x,
const std::int64_t *incx,
T **c,
const std::int64_t *ldc,
std::int64_t group_count,
const std::int64_t *group_size,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

left_right Array of group_count parameters. left_right[i] specifies the position of the diagonal matrix in
group i. SeeData Types for more details.

m Array of group_count integers. m[i] specifies number of rows of A for every matrix in group i. All entries
must be at least zero.

n Array of group_count integers. n[i] specifies number of columns of A for everymatrix in group i. All entries
must be at least zero.

a Array of pointers to input matrices Awith size total_batch_count. Size of the arraymust be at least lda[i]
* n[i] if columnmajor layout or at least lda[i] * m[i] if rowmajor layout is used. SeeMatrix Storage for
more details.

lda Array of group_count integers. lda[i] specifies the leading dimension of A for everymatrix in group i. All
entriesmust bepositive and at least m[i] if columnmajor layout or at least n[i] if rowmajor layout is used.

x Arrayofpointers to inputvectorsXwithsizetotal_batch_count. Sizeof thearraymustbeat least (1 +len[i]
– 1)*abs(incx[i]))wherelen[i] isn[i] if diagonalmatrix ison the rightof theproductorm[i]otherwise.
SeeMatrix Storage for more details.

incx Array of group_count integers. incx[i] specifies the stride of X for every vector in group i. All entries
must be positive.
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c Array of pointers to input/output matrices C with size total_batch_count. Size of the array must be least
ldc[i] * n[i] if column major layout or at least ldc[i] * m[i] if row major layout is used. See Matrix
Storage for more details.

ldc Array of group_count integers. ldc[i] specifies the leading dimension of C for everymatrix in group i. All
entriesmust bepositive and at least m[i] if columnmajor layout or at least n[i] if rowmajor layout is used.

group_count Specifies number of groups. Must be at least zero.

group_size Array of group_count integers. group_size[i] specifies the number of diagonal matrix-matrix
product operations in group i. All entriesmust be at least zero.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

c Array of pointers to output matrices C overwritten by total_batch_count dgmm operations.

ReturnValues

Output event to wait on to ensure computation is complete.

StridedAPI

StridedAPI operation is defined as:

for i = 0 … batch_size – 1
A and C are matrices at offset i * stridea in a, i * stridec in c.
X is a vector at offset i * stridex in x
if (left_right == side::left)

C = diag(X) * A
else

C = A * diag(X)
end for

where:

• A is amatrix

• X is a diagonal matrix stored as a vector

For stridedAPI, all matrices A and C and vector X have the sameparameters (size, increments) and are stored at
a constant stride given by stridea, stridec and stridex from each other.

The a and x buffers contain all the inputmatrices. Total number of matrices in a and x are given by batch_size
parameter.
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Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event dgmm_batch(sycl::queue &queue,

oneapi::mkl::side left_right,
std::inte64_t m,
std::int64_t n,
const T *a,
std::int64_t lda,
std::int64_t stridea,
const T *x,
std::int64_t incx,
std::int64_t stridex,
T *c,
std::int64_t ldc,
std::int64_t stridec,
std::int64_t batch_size,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event dgmm_batch(sycl::queue &queue,

oneapi::mkl::side left_right,
std::inte64_t m,
std::int64_t n,
const T *a,
std::int64_t lda,
std::int64_t stridea,
const T *x,
std::int64_t incx,
std::int64_t stridex,
T *c,
std::int64_t ldc,
std::int64_t stridec,
std::int64_t batch_size,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

left_right Specifies the position of the diagonal matrix in the product. SeeData Types for more details.

m Number of rows ofmatrix A andmatrix C. Must be at least zero.

n Number of columns ofmatrix A andmatrix C. Must be at least zero.

a Pointer to input matrices A. Size of the arraymust be at least lda * k + stridea * (batch_size - 1) where k is n
if columnmajor layout or m if rowmajor layout is used.
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lda Leading dimension of matrices A. Must be at least m if column major layout or n if row major layout is used.
Must be positive.

stridea Stridebetween twoconsecutiveAmatrices. Must be at least zero. SeeMatrixStorage formoredetails.

x Pointer to inputmatricesX. Sizeof the arraymust beat least (1 + (len - 1)*abs(incx)) +stridex * (batch_size
- 1) where len is n if the diagonal matrix is on the right of the product or m otherwise.

incx Stride between two consecutive elements of the X vectors.

stridex Stride between two consecutive X vectors. Must be at least zero. SeeMatrix Storage for more details.

c Pointer to input/outputmatrices C. Size of the arraymust be at least batch_size * stridec.

ldc Leading dimension of matrices C. Must be at least m if column major layout or n if row major layout is used.
Must be positive.

stridec Stride between two consecutive Cmatrices. Must be at least ldc * n if columnmajor layout or ldc * m if
rowmajor layout is used. SeeMatrix Storage for more details.

batch_size Number of dgmm computations to perform. Must be at least zero.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

c Pointer to output matrices C overwritten by batch_size dgmm operations.

ReturnValues

Output event to wait on to ensure computation is complete.

9.4.5 gemm_batch

Computes groups ofmatrix-matrix product with general matrices.

Description

The gemm_batch routines are batched versions of gemm, performing multiple gemm operations in a single call.
Each gemm operation performs amatrix-matrix product with general matrices.

gemm_batch supports the following precisions:
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Ta
(A matrices)

Tb
(B matrices)

Tc
(C matrices)

Ts
(alpha/beta)

sycl::half sycl::half sycl::half sycl::half
sycl::half sycl::half float float
oneapi::mkl::
bfloat16

oneapi::mkl::
bfloat16

oneapi::mkl::
bfloat16

float

oneapi::mkl::
bfloat16

oneapi::mkl::
bfloat16

float float

std::int8_t std::int8_t std::int32_t float
std::int8_t std::int8_t float float
float float float float
double double double double
std::complex<float> std::complex<float> std::complex<float> std::complex<float>
std::
complex<double>

std::
complex<double>

std::
complex<double>

std::
complex<double>

gemm_batch (BufferVersion)

Buffer version of gemm_batch supports only stridedAPI.

StridedAPI

StridedAPI operation is defined as:

for i = 0 … batch_size – 1
A, B and C are matrices at offset i * stridea, i * strideb, i * stridec in a, b and c.
C = alpha * op(A) * op(B) + beta * C

end for

where:

• op(X) is one of op(X) = X, or op(X) = XT, or op(X) = XH

• alpha and beta are scalars

• A, B, and C arematrices

• op(A) is m x k, op(B) is k x n, and C is m x n

For strided API, a, b and c buffers contains all the input matrices. The stride between matrices is given by the
stride parameters. Total number of matrices in a, b and c buffers is given by batch_size parameter.
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Syntax

namespace oneapi::mkl::blas::column_major {
void gemm_batch(sycl::queue &queue,

oneapi::mkl::transpose transa,
oneapi::mkl::transpose transb,
std::int64_t m,
std::int64_t n,
std::int64_t k,
Ts alpha,
sycl::buffer<Ta,1> &a,
std::int64_t lda,
std::int64_t stridea,
sycl::buffer<Tb,1> &b,
std::int64_t ldb,
std::int64_t strideb,
Ts beta,
sycl::buffer<Tc,1> &c,
std::int64_t ldc,
std::int64_t stridec,
std::int64_t batch_size,
compute_mode mode = compute_mode::unset)

}

namespace oneapi::mkl::blas::row_major {
void gemm_batch(sycl::queue &queue,

oneapi::mkl::transpose transa,
oneapi::mkl::transpose transb,
std::int64_t m,
std::int64_t n,
std::int64_t k,
Ts alpha,
sycl::buffer<Ta,1> &a,
std::int64_t lda,
std::int64_t stridea,
sycl::buffer<Tb,1> &b,
std::int64_t ldb,
std::int64_t strideb,
Ts beta,
sycl::buffer<Tc,1> &c,
std::int64_t ldc,
std::int64_t stridec,
std::int64_t batch_size,
compute_mode mode = compute_mode::unset)

}

219



Intel® oneAPIMath Kernel Library

InputParameters

queue The queuewhere the routine should be executed.

transa Specifies op(A), transposition operation applied tomatrices A. SeeData Types for more details.

transb Specifies op(B), transposition operation applied tomatrices B. SeeData Types for more details.

m Number of rows ofmatrices op(A) andmatrices C. Must be at least zero.

n Number of columns ofmatrices op(B) andmatrices C. Must be at least zero.

k Number of columns ofmatrices op(A) and rows ofmatrices op(B). Must be at least zero.

alpha Scaling factor for matrix-matrix products.

a Buffer holding inputmatrices A. Size of the buffermust be at least stridea * batch_size.

lda Leading dimension ofmatrices A. Must be positive.

transa = transpose::
nontrans

transa = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least m Must be at least k

Rowmajor Must be at least k Must be at least m

stridea Stride between two consecutive Amatrices.

transa = transpose::
nontrans

transa = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least lda * k Must be at least lda * m

Rowmajor Must be at least lda * m Must be at least lda * k

b Buffer holding inputmatrices B. Size of the buffermust be at least strideb * batch_size.

ldb Leading dimension ofmatrices B. Must be positive.

transa = transpose::
nontrans

transa = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least k Must be at least n

Rowmajor Must be at least n Must be at least k
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strideb Stride between two consecutive Bmatrices.

transa = transpose::
nontrans

transa = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least ldb * n Must be at least ldb * k

Rowmajor Must be at least ldb * k Must be at least ldb * n

beta Scaling factor for matrices C.

c Buffer holding input/outputmatrices C. Size of the buffermust be at least stridec * batch_size.

ldc Leading dimension ofmatrices C. Must be positive.

Columnmajor Must be at least m
Rowmajor Must be at least n

stridec Stride between two consecutive Cmatrices.

Columnmajor Must be at least ldc * n
Rowmajor Must be at least ldc * m

batch_size Specifies the number of matrix multiply operations to perform. Must be at least zero.

mode Optional. Computemode settings. SeeComputeModes for more details.

OutputParameters

c Output buffer overwritten by batch_size gemm operations of the form alpha * op(A) * op(B) + beta * C.

Note: If beta = 0, matrices C do not need to be initialized before calling gemm_batch.

gemm_batch (USMVersion)

USMversion of gemm_batch supports groupAPI and stridedAPI.

GroupAPI

GroupAPI operation is defined as:

221



Intel® oneAPIMath Kernel Library

idx = 0
for i = 0 … group_count – 1

for j = 0 … group_size – 1
A, B, and C are matrices in a[idx], b[idx] and c[idx]
C = alpha[i] * op(A) * op(B) + beta[i] * C
idx = idx + 1

end for
end for

where:

• op(X) is one of op(X) = X, or op(X) = XT, or op(X) = XH

• alpha and beta are scalars

• A, B, and C arematrices

• op(A) is m x k, op(B) is k x n, and C is m x n

For groupAPI, a, b and c arrays contain the pointers for all the inputmatrices. The total number ofmatrices in a,
b and c are given by:

total_batch_count =
group_count−1∑

i=0

group_size[i]

GroupAPI supports both pointer and span inputs.

Theadvantageof using span insteadof pointer is that the sizes of the array can vary and the sizeof the spancan
bequeriedat runtime. For eachgemmparameter, except theoutputmatrices, spancanbeof size 1, thenumberof
groups or the total batch size. For output matrices, to ensure all computation are independent, size of the span
must be the total batch size.

Depending on the size of spans, each parameter for the gemm computation is used as follows:

span size = 1 Parameter is reused for all gemm computations
span size =
group_count

Parameter is reused for all gemmwithin a group. Each group will have a different value
for this parameter. This is same as gemm_batch groupAPI with pointers.

span size =
total_batch_-
count

Each gemm computation use a different value for this parameter.

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event gemm_batch(sycl::queue &queue,

const oneapi::mkl::transpose *transa,
const oneapi::mkl::transpose *transb,
const std::int64_t *m,
const std::int64_t *n,

(continues on next page)
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(continued from previous page)

const std::int64_t *k,
const Ts *alpha,
const Ta **a,
const std::int64_t *lda,
const Tb **b,
const std::int64_t *ldb,
const Ts *beta,
Tc **c,
const std::int64_t *ldc,
std::int64_t group_count,
const std::int64_t *group_size,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

sycl::event gemm_batch(sycl::queue &queue,
const sycl::span<oneapi::mkl::transpose> &transa,
const sycl::span<oneapi::mkl::transpose> &transb,
const sycl::span<std::int64_t> &m,
const sycl::span<std::int64_t> &n,
const sycl::span<std::int64_t> &k,
const sycl::span<Ts> &alpha,
const sycl::span<const Ta*> &a,
const sycl::span<std::int64_t> &lda,
const sycl::span<const Tb*> &b,
const sycl::span<std::int64_t> &ldb,
const sycl::span<Ts> &beta,
sycl::span<Tc*> &c,
const sycl::span<std::int64_t> &ldc,
size_t group_count,
const sycl::span<size_t> &group_sizes,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event gemm_batch(sycl::queue &queue,

const oneapi::mkl::transpose *transa,
const oneapi::mkl::transpose *transb,
const std::int64_t *m,
const std::int64_t *n,
const std::int64_t *k,
const Ts *alpha,
const Ta **a,
const std::int64_t *lda,
const Tb **b,
const std::int64_t *ldb,
const Ts *beta,
Tc **c,
const std::int64_t *ldc,
std::int64_t group_count,
const std::int64_t *group_size,

(continues on next page)
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(continued from previous page)

compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

sycl::event gemm_batch(sycl::queue &queue,
const sycl::span<oneapi::mkl::transpose> &transa,
const sycl::span<oneapi::mkl::transpose> &transb,
const sycl::span<std::int64_t> &m,
const sycl::span<std::int64_t> &n,
const sycl::span<std::int64_t> &k,
const sycl::span<Ts> &alpha,
const sycl::span<const Ta*> &a,
const sycl::span<std::int64_t> &lda,
const sycl::span<const Tb*> &b,
const sycl::span<std::int64_t> &ldb,
const sycl::span<Ts> &beta,
sycl::span<Tc*> &c,
const sycl::span<std::int64_t> &ldc,
size_t group_count,
const sycl::span<size_t> &group_sizes,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

transa Arrayorspanofgroup_countoneapi::mkl::transposevalues. transa[i]specifiesop(A), the trans-
position operation applied tomatrices A in group i. SeeData Types for more details.

transb Array or span of group_count oneapi::mkl::transpose values. transb[i] specifies op(B), the
transposition operation applied tomatrices B in group i. SeeData Types for more details.

m Array or span of group_count integers. m[i] specifies number of rows of matrices op(A) and matrices C in
group i. All entriesmust be at least zero.

n Array or span of group_count integers. n[i] specifies number of columns of matrices op(B) andmatrices C
in group i. All entriesmust be at least zero.

k Array or span of group_count integers. k[i] specifies number of columns of matrices op(A) and rows of
matrices op(B) in group i. All entriesmust be at least zero.

alpha Array or spanof group_count scalar elements. alpha[i] specifies scaling factor formatrix-matrix prod-
ucts in group i.

a Array of total_batch_count pointers for input matrices A or span of total_batch_count input matrices A.
SeeMatrix Storage for more details.
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transa = transpose::
nontrans

transa = transpose::trans or trans =
transpose::conjtrans

Column
major

Size of array A[i]must be at least
lda[i] * k[i]

Size of array A[i]must be at least lda[i] * m[i]

Row ma-
jor

Size of array A[i]must be at least
lda[i] * m[i]

Size of array A[i]must be at least lda[i] * k[i]

lda Array or span of group_count integers. lda[i] specifies leading dimension ofmatrices A in group i. Must
be positive.

transa = transpose::
nontrans

transa = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least m[i] Must be at least k[i]

Rowmajor Must be at least k[i] Must be at least m[i]

b Array of total_batch_count pointers for input matrices B or span of total_batch_count input matrices B.
SeeMatrix Storage for more details.

transa = transpose::
nontrans

transa = transpose::trans or trans =
transpose::conjtrans

Column
major

Size of array B[i]must be at least
ldb[i] * n[i]

Size of array B[i]must be at least ldb[i] * k[i]

Row ma-
jor

Size of array B[i]must be at least
ldb[i] * k[i]

Size of array B[i]must be at least ldb[i] * n[i]

ldb Array or span of group_count integers. ldb[i] specifies leading dimension ofmatrices B in group i. Must
be positive.

transa = transpose::
nontrans

transa = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least k[i] Must be at least n[i]

Rowmajor Must be at least n[i] Must be at least k[i]

beta Array or span of group_count scalar elements. beta[i] specifies scaling factor formatrices C in group i.

c Array of total_batch_countpointers for input/outputmatrices C or span of total_batch_count input/out-
put matrices C. SeeMatrix Storage for more details.

Columnmajor Size of array C[i]must be at least ldc[i] * n[i]
Rowmajor Size of array C[i]must be at least ldc[i] * m[i]
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ldc Array or span of group_count integers. ldc[i] specifies leading dimension ofmatrices C in group i. Must
be positive.

Columnmajor Must be at least m[i]
Rowmajor Must be at least n[i]

group_count Number of groups. Must be at least zero.

group_size Array or span of group_count integers. group_size[i] specifies the number of gemm operations
in group i. Each element in group_sizemust be at least zero.

mode Optional. Computemode settings. SeeComputeModes for more details.

dependencies Optional. List of events to wait for before starting computation, if any. If omitted, defaults to no
dependencies.

mode and dependencies may be omitted independently; it is not necessary to specify mode in order to
provide dependencies.

OutputParameters

c Array of pointers to outputmatrices Coverwritten by total_batch_count gemmoperations of the form alpha
* op(A) * op(B) + beta * C.

Note: If beta = 0, matrices C do not need to be initialized before calling gemm_batch.

ReturnValues

Output event to wait on to ensure computation is complete.

Examples

An example of how to useUSMversion of gemm_batch can be found in oneMKL installation directory, under:

examples/dpcpp/blas/source/gemm_batch.cpp

StridedAPI

StridedAPI operation is defined as:

for i = 0 … batch_size – 1
A, B and C are matrices at offset i * stridea, i * strideb, i * stridec in a, b and c.
C = alpha * op(A) * op(B) + beta * C

end for
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where:

• op(X) is one of op(X) = X, or op(X) = XT, or op(X) = XH

• alpha and beta are scalars

• A, B, and C arematrices

• op(A) is m x k, op(B) is k x n, and C is m x n

For strided API, a, b and c arrays contains all the input matrices. The stride betweenmatrices is either given by
the stride parameters. Total number of matrices in a, b and c arrays is given by batch_size parameter.

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event gemm_batch(sycl::queue &queue,

oneapi::mkl::transpose transa,
oneapi::mkl::transpose transb,
std::int64_t m,
std::int64_t n,
std::int64_t k,
Ts alpha,
const Ta *a,
std::int64_t lda,
std::int64_t stridea,
const Tb *b,
std::int64_t ldb,
std::int64_t strideb,
Ts beta,
Tc *c,
std::int64_t ldc,
std::int64_t stridec,
std::int64_t batch_size,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event gemm_batch(sycl::queue &queue,

oneapi::mkl::transpose transa,
oneapi::mkl::transpose transb,
std::int64_t m,
std::int64_t n,
std::int64_t k,
Ts alpha,
const Ta *a,
std::int64_t lda,
std::int64_t stridea,
const Tb *b,
std::int64_t ldb,

(continues on next page)
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std::int64_t strideb,
Ts beta,
Tc *c,
std::int64_t ldc,
std::int64_t stridec,
std::int64_t batch_size,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

transa Specifies op(A), transposition operation applied tomatrices A. SeeData Types for more details.

transb Specifies op(B), transposition operation applied tomatrices B. SeeData Types for more details.

m Number of rows ofmatrices op(A) andmatrices C. Must be at least zero.

n Number of columns ofmatrices op(B) andmatrices C. Must be at least zero.

k Number of columns ofmatrices op(A) and rows ofmatrices op(B). Must be at least zero.

alpha Scaling factor for matrix-matrix products.

a Pointer to inputmatrices A. Size of the arraymust be at least stridea * batch_size.

lda Leading dimension ofmatrices A. Must be positive.

transa = transpose::
nontrans

transa = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least m Must be at least k

Rowmajor Must be at least k Must be at least m

stridea Stride between two consecutive Amatrices.

transa = transpose::
nontrans

transa = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least lda * k Must be at least lda * m

Rowmajor Must be at least lda * m Must be at least lda * k

b Pointer to inputmatrices B. Size of the arraymust be at least strideb * batch_size.
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ldb Leading dimension ofmatrices B. Must be positive.

transa = transpose::
nontrans

transa = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least k Must be at least n

Rowmajor Must be at least n Must be at least k

strideb Stride between two consecutive Bmatrices.

transa = transpose::
nontrans

transa = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least ldb * n Must be at least ldb * k

Rowmajor Must be at least ldb * k Must be at least ldb * n

beta Scaling factor for matrices C.

c Pointer to input/outputmatrices C. Size of the arraymust be at least stridec * batch_size.

ldc Leading dimension ofmatrices C. Must be positive.

Columnmajor Must be at least m
Rowmajor Must be at least n

stridec Stride between two consecutive Cmatrices.

Columnmajor Must be at least ldc * n
Rowmajor Must be at least ldc * m

batch_size Specifies the number of matrix multiply operations to perform. Must be at least zero.

mode Optional. Computemode settings. SeeComputeModes for more details.

dependencies Optional. List of events to wait for before starting computation, if any. If omitted, defaults to no
dependencies.

mode and dependencies may be omitted independently; it is not necessary to specify mode in order to
provide dependencies.
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OutputParameters

c Pointer to output matrices C overwritten by batch_size gemm operations of the form alpha * op(A) * op(B) +
beta * C.

Note: If beta = 0, matrices C do not need to be initialized before calling gemm_batch.

ReturnValues

Output event to wait on to ensure computation is complete.

9.4.6 gemm_bias

Computes amatrix-matrix product using general integermatrices with bias.

Description

The gemm_bias routines compute a scalar-matrix-matrix product and add the result to a scalar-matrix product,
using general integermatrices with biases/offsets. The operation is defined as:

C ← alpha ∗ (op(A)−A_offset) ∗ (op(B)−B_offset) + beta ∗ C + C_offset

where:

• op(X) is one of op(X) = X, or op(X) = XT, or op(X) = XH

• alpha and beta are scalars

• A_offset is m x kmatrix with every element equal to the value ao

• B_offset is k x nmatrix with every element equal to the value bo

• C_offset is m x nmatrix defined by the co buffer. SeeData Types for more details.

• A, B, and C arematrices

• op(A) is m x k, op(B) is k x n, and C is m x n

gemm_bias supports the following precisions:

Ta Tb
std::uint8_t std::uint8_t
std::int8_t std::uint8_t
std::uint8_t std::int8_t
std::int8_t std::int8_t
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gemm_bias (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void gemm_bias(sycl::queue &queue,

oneapi::mkl::transpose transa,
oneapi::mkl::transpose transb,
oneapi::mkl::offset offsetc,
std::int64_t m,
std::int64_t n,
std::int64_t k,
float alpha,
sycl::buffer<Ta,1> &a,
std::int64_t lda,
Ta ao,
sycl::buffer<Tb,1> &b,
std::int64_t ldb,
Tb bo,
float beta,
sycl::buffer<std::int32_t,1> &c,
std::int64_t ldc,
sycl::buffer<std::int32_t,1> &co,
compute_mode mode = compute_mode::unset)

}

namespace oneapi::mkl::blas::row_major {
void gemm_bias(sycl::queue &queue,

oneapi::mkl::transpose transa,
oneapi::mkl::transpose transb,
oneapi::mkl::offset offsetc,
std::int64_t m,
std::int64_t n,
std::int64_t k,
float alpha,
sycl::buffer<Ta,1> &a,
std::int64_t lda,
Ta ao,
sycl::buffer<Tb,1> &b,
std::int64_t ldb,
Tb bo,
float beta,
sycl::buffer<std::int32_t,1> &c,
std::int64_t ldc,
sycl::buffer<std::int32_t,1> &co,
compute_mode mode = compute_mode::unset)

}
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InputParameters

queue The queuewhere the routine should be executed.

transa Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

transb Specifies op(B), the transposition operation applied tomatrix B. SeeData Types for more details.

offsetc Specifies the form of C_offset used in thematrix multiplication. SeeData Types for more details.

m Number of rows ofmatrix op(A) andmatrix C. Must be at least zero.

n Number of columns ofmatrix op(B) andmatrix C. Must be at least zero.

k Number of columns ofmatrix op(A) and rows ofmatrix op(B). Must be at least zero.

alpha Scaling factor for matrix-matrix product.

a Buffer holding inputmatrix A. SeeMatrix Storage for more details.

transa = transpose::nontrans transa = transpose::trans or trans =
transpose::conjtrans

Column
major

A is m x kmatrix. Size of array amust
be at least lda * k

A is k x mmatrix. Size of array amust be at least
lda * m

Row ma-
jor

A is m x kmatrix. Size of array amust
be at least lda * m

A is k x mmatrix. Size of array amust be at least
lda * k

lda Leading dimension ofmatrix A. Must be positive.

transa = transpose::
nontrans

transa = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least m Must be at least k

Rowmajor Must be at least k Must be at least m

ao Specifies the scalar offset value for matrix A.

b Buffer holding inputmatrix B. SeeMatrix Storage for more details.

transb = transpose::nontrans transb = transpose::trans or trans =
transpose::conjtrans

Column
major

B is k x nmatrix. Size of array bmust
be at least ldb * n

B is n x kmatrix. Size of array bmust be at least
ldb * k

Row ma-
jor

B is k x nmatrix. Size of array bmust
be at least ldb * k

B is n x kmatrix. Size of array bmust be at least
ldb * n
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ldb Leading dimension ofmatrix B. Must be positive.

transb = transpose::
nontrans

transb = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least k Must be at least n

Rowmajor Must be at least n Must be at least k

bo Specifies the scalar offset value for matrix B.

beta Scaling factor for matrix C.

c Buffer holding input/outputmatrix C. SeeMatrix Storage for more details.

Columnmajor C is m x nmatrix. Size of array cmust be at least ldc * n
Rowmajor C is m x nmatrix. Size of array cmust be at least ldc * m

ldc Leading dimension ofmatrix C. Must be positive.

Columnmajor Must be at least m
Rowmajor Must be at least n

co Buffer holding the offset values for matrix C.

If offset_type = offset::fix, size of co arraymust be at least 1.

If offset_type = offset::col, size of co arraymust be at least max(1,m).

If offset_type = offset::row, size of co arraymust be at least max(1,n).

SeeData Types for more details.

mode Optional. Computemode settings. SeeComputeModes for more details.

OutputParameters

c Output buffer overwritten by alpha * (op(A) - A_offset) * (op(B) - B_offset) + beta * C + C_offset.

Note: If beta = 0, matrix C does not need to be initialized before calling gemm_bias.

gemm_bias (USMVersion)

Syntax
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namespace oneapi::mkl::blas::column_major {
sycl::event gemm_bias(sycl::queue &queue,

oneapi::mkl::transpose transa,
oneapi::mkl::transpose transb,
oneapi::mkl::offset offsetc,
std::int64_t m,
std::int64_t n,
std::int64_t k,
float alpha,
const Ta *a,
std::int64_t lda,
Ta ao,
const Tb *b,
std::int64_t ldb,
Tb bo,
float beta,
std::int32_t *c,
std::int64_t ldc,
const std::int32_t *co,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event gemm_bias(sycl::queue &queue,

oneapi::mkl::transpose transa,
oneapi::mkl::transpose transb,
oneapi::mkl::offset offsetc,
std::int64_t m,
std::int64_t n,
std::int64_t k,
float alpha,
const Ta *a,
std::int64_t lda,
Ta ao,
const Tb *b,
std::int64_t ldb,
Tb bo,
float beta,
std::int32_t *c,
std::int64_t ldc,
const std::int32_t *co,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}
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InputParameters

queue The queuewhere the routine should be executed.

transa Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

transb Specifies op(B), the transposition operation applied tomatrix B. SeeData Types for more details.

offsetc Specifies the form of C_offset used in thematrix multiplication. SeeData Types for more details.

m Number of rows ofmatrix op(A) andmatrix C. Must be at least zero.

n Number of columns ofmatrix op(B) andmatrix C. Must be at least zero.

k Number of columns ofmatrix op(A) and rows ofmatrix op(B). Must be at least zero.

alpha Scaling factor for matrix-matrix product.

a Pointer to inputmatrix A. SeeMatrix Storage for more details.

transa = transpose::nontrans transa = transpose::trans or trans =
transpose::conjtrans

Column
major

A is m x kmatrix. Size of array amust
be at least lda * k

A is k x mmatrix. Size of array amust be at least
lda * m

Row ma-
jor

A is m x kmatrix. Size of array amust
be at least lda * m

A is k x mmatrix. Size of array amust be at least
lda * k

lda Leading dimension ofmatrix A. Must be positive.

transa = transpose::
nontrans

transa = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least m Must be at least k

Rowmajor Must be at least k Must be at least m

ao Specifies the scalar offset value for matrix A.

b Pointer to inputmatrix B. SeeMatrix Storage for more details.

transb = transpose::nontrans transb = transpose::trans or trans =
transpose::conjtrans

Column
major

B is k x nmatrix. Size of array bmust
be at least ldb * n

B is n x kmatrix. Size of array bmust be at least
ldb * k

Row ma-
jor

B is k x nmatrix. Size of array bmust
be at least ldb * k

B is n x kmatrix. Size of array bmust be at least
ldb * n
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ldb Leading dimension ofmatrix B. Must be positive.

transb = transpose::
nontrans

transb = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least k Must be at least n

Rowmajor Must be at least n Must be at least k

bo Specifies the scalar offset value for matrix B.

beta Scaling factor for matrix C.

c Pointer to input/outputmatrix C. SeeMatrix Storage for more details.

Columnmajor C is m x nmatrix. Size of array cmust be at least ldc * n
Rowmajor C is m x nmatrix. Size of array cmust be at least ldc * m

ldc Leading dimension ofmatrix C. Must be positive.

Columnmajor Must be at least m
Rowmajor Must be at least n

co Pointer to array holding offset values for matrix C.

If offset_type = offset::fix, size of co arraymust be at least 1.

If offset_type = offset::col, size of co arraymust be at least max(1,m).

If offset_type = offset::row, size of co arraymust be at least max(1,n).

SeeData Types for more details.

mode Optional. Computemode settings. SeeComputeModes for more details.

dependencies Optional. List of events to wait for before starting computation, if any. If omitted, defaults to no
dependencies.

mode and dependencies may be omitted independently; it is not necessary to specify mode in order to
provide dependencies.

OutputParameters

c Pointer to output matrix C overwritten by alpha * (op(A) - A_offset) * (op(B) - B_offset) + beta * C + C_-
offset.

Note: If beta = 0, matrix C does not need to be initialized before calling gemm_bias.

236



Intel® oneAPIMath Kernel Library

ReturnValues

Output event to wait on to ensure computation is complete.

9.4.7 gemmt

Computes amatrix-matrix product with general matrices, but updates only the upper or lower triangular part of
the result matrix.

Description

The gemmt routines compute a scalar-matrix-matrix product and add the result to the upper or lower part of a
scalar-matrix product, with general matrices. The operation is defined as:

C ← alpha ∗ op(A) ∗ op(B) + beta ∗ C

where:

• op(X) is one of op(X) = X, or op(X) = XT, or op(X) = XH

• alpha and beta are scalars

• A, B, and C arematrices

• op(A) is n x k, op(B) is k x n, and C is n x n

gemmt supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>

gemmt (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void gemmt(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose transa,
oneapi::mkl::transpose transb,
std::int64_t n,
std::int64_t k,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,

(continues on next page)
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sycl::buffer<T,1> &b,
std::int64_t ldb,
T beta,
sycl::buffer<T,1> &c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset)

}

namespace oneapi::mkl::blas::row_major {
void gemmt(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose transa,
oneapi::mkl::transpose transb,
std::int64_t n,
std::int64_t k,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
sycl::buffer<T,1> &b,
std::int64_t ldb,
T beta,
sycl::buffer<T,1> &c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset)

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix C is upper or lower triangular. SeeData Types for more details.

transa Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

transb Specifies op(B), the transposition operation applied tomatrix B. SeeData Types for more details.

n Number of rows ofmatrix op(A) andmatrix C. Must be at least zero.

k Number of columns ofmatrix op(A) and rows ofmatrix op(B). Must be at least zero.

alpha Scaling factor for matrix-matrix product.

a Buffer holding inputmatrix A. SeeMatrix Storage for more details.

transa = transpose::nontrans transa = transpose::trans or trans =
transpose::conjtrans

Column
major

A is n x kmatrix. Size of array amust
be at least lda * k

A is k x nmatrix. Size of array amust be at least
lda * n

Row ma-
jor

A is n x kmatrix. Size of array amust
be at least lda * n

A is k x nmatrix. Size of array amust be at least
lda * k
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lda Leading dimension ofmatrix A. Must be positive.

transa = transpose::
nontrans

transa = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least n Must be at least k

Rowmajor Must be at least k Must be at least n

b Buffer holding inputmatrix B. SeeMatrix Storage for more details.

transb = transpose::nontrans transb = transpose::trans or trans =
transpose::conjtrans

Column
major

B is k x nmatrix. Size of array bmust
be at least ldb * n

B is n x kmatrix. Size of array bmust be at least
ldb * k

Row ma-
jor

B is k x nmatrix. Size of array bmust
be at least ldb * k

B is n x kmatrix. Size of array bmust be at least
ldb * n

ldb Leading dimension ofmatrix B. Must be positive.

transb = transpose::
nontrans

transb = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least k Must be at least n

Rowmajor Must be at least n Must be at least k

beta Scaling factor for matrix C.

c Buffer holding input/outputmatrix C. SeeMatrix Storage for more details.

Columnmajor C is m x nmatrix. Size of array cmust be at least ldc * n
Rowmajor C is m x nmatrix. Size of array cmust be at least ldc * m

ldc Leading dimension ofmatrix C. Must be positive.

Columnmajor Must be at least m
Rowmajor Must be at least n

mode Optional. Computemode settings. SeeComputeModes for more details.
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OutputParameters

c Output buffer overwritten by upper or lower triangular part of alpha * op(A)*op(B) + beta * C.

Note: If beta = 0, matrix C does not need to be initialized before calling gemmt.

gemmt (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event gemmt(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose transa,
oneapi::mkl::transpose transb,
std::int64_t n,
std::int64_t k,
T alpha,
const T* a,
std::int64_t lda,
const T* b,
std::int64_t ldb,
T beta,
T* c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event gemmt(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose transa,
oneapi::mkl::transpose transb,
std::int64_t n,
std::int64_t k,
T alpha,
const T* a,
std::int64_t lda,
const T* b,
std::int64_t ldb,
T beta,
T* c,
std::int64_t ldc,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}
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InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrix C is upper or lower triangular. SeeData Types for more details.

transa Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

transb Specifies op(B), the transposition operation applied tomatrix B. SeeData Types for more details.

n Number of rows ofmatrix op(A) andmatrix C. Must be at least zero.

k Number of columns ofmatrix op(A) and rows ofmatrix op(B). Must be at least zero.

alpha Scaling factor for matrix-matrix product.

a Pointer to inputmatrix A. SeeMatrix Storage for more details.

transa = transpose::nontrans transa = transpose::trans or trans =
transpose::conjtrans

Column
major

A is n x kmatrix. Size of array amust
be at least lda * k

A is k x nmatrix. Size of array amust be at least
lda * n

Row ma-
jor

A is n x kmatrix. Size of array amust
be at least lda * n

A is k x nmatrix. Size of array amust be at least
lda * k

lda Leading dimension ofmatrix A. Must be positive.

transa = transpose::
nontrans

transa = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least n Must be at least k

Rowmajor Must be at least k Must be at least n

b Pointer to inputmatrix B. SeeMatrix Storage for more details.

transb = transpose::nontrans transb = transpose::trans or trans =
transpose::conjtrans

Column
major

B is k x nmatrix. Size of array bmust
be at least ldb * n

B is n x kmatrix. Size of array bmust be at least
ldb * k

Row ma-
jor

B is k x nmatrix. Size of array bmust
be at least ldb * k

B is n x kmatrix. Size of array bmust be at least
ldb * n

ldb Leading dimension ofmatrix B. Must be positive.
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transb = transpose::
nontrans

transb = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least k Must be at least n

Rowmajor Must be at least n Must be at least k

beta Scaling factor for matrix C.

c Pointer to input/outputmatrix C. SeeMatrix Storage for more details.

Columnmajor C is m x nmatrix. Size of array cmust be at least ldc * n
Rowmajor C is m x nmatrix. Size of array cmust be at least ldc * m

ldc Leading dimension ofmatrix C. Must be positive.

Columnmajor Must be at least m
Rowmajor Must be at least n

mode Optional. Computemode settings. SeeComputeModes for more details.

dependencies Optional. List of events to wait for before starting computation, if any. If omitted, defaults to no
dependencies.

mode and dependencies may be omitted independently; it is not necessary to specify mode in order to
provide dependencies.

OutputParameters

c Pointer to output matrix C overwritten by upper or lower triangular part of alpha * op(A)*op(B) + beta * C.

Note: If beta = 0, matrix C does not need to be initialized before calling gemmt.

ReturnValues

Output event to wait on to ensure computation is complete.

9.4.8 gemv_batch

Computes a group of gemv operations.
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Description

The gemv_batch routines are batched versions of gemv, performing multiple gemv operations in a single call.
Each gemv operations perform a scalar-matrix-vector product and add the result to a scalar-vector product.

gemv_batch supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>

gemv_batch (BufferVersion)

Buffer version of gemv_batch supports only stridedAPI.

StridedAPI

StridedAPI operation is defined as:

for i = 0 … batch_size – 1
A is a matrix at offset i * stridea in a.
X and Y are vctors at offset i * stridex, i * stridey, in x and y.
Y = alpha * op(A) * X + beta * Y

end for

where:

• op(A) is one of op(A) = A, or op(A) = AT, or op(A) = AH

• alpha and beta are scalars

• A is matrix and X and Y are vectors

For strided API, x and y buffers contain all the input vectors. The stride between vectors is either given by the
stride parameters. Total number of vectors in x and y buffers is given by batch_size parameter.

Syntax

namespace oneapi::mkl::blas::column_major {
void gemv_batch(sycl::queue &queue,

oneapi::mkl::transpose trans,
std::int64_t m,
std::int64_t n,

(continues on next page)
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T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
std::int64_t stridea,
sycl::buffer<T,1> &x,
std::int64_t incx,
std::int64_t stridex,
T beta,
sycl::buffer<T,1> &y,
std::int64_t incy,
std::int64_t stridey,
std::int64_t batch_size)

}

namespace oneapi::mkl::blas::row_major {
void gemv_batch(sycl::queue &queue,

oneapi::mkl::transpose trans,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
std::int64_t stridea,
sycl::buffer<T,1> &x,
std::int64_t incx,
std::int64_t stridex,
T beta,
sycl::buffer<T,1> &y,
std::int64_t incy,
std::int64_t stridey,
std::int64_t batch_size)

}

InputParameters

queue The queuewhere the routine should be executed.

trans Specifies op(A), the transposition operation applied tomatrices A. SeeData Types for more details.

m Number of rows ofmatrices op(A). Must be at least zero.

n Number of columns ofmatrices op(A). Must be at least zero.

alpha Scaling factor for matrix-vector product.

a The buffer holding inputmatrices A. Size of the buffermust be at least stridea * batch_size.

lda Leading dimension of matrices A. Must be positive and at least m if column major layout or at least n if row
major layout is used.

stridea Stride between two consecutive Amatrices.
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x Buffer holding input vectors X. Size of the buffermust be at least stridex * batch_size.

incx Stride between two consecutive elements of X vectors.

stridex Stride between two consecutive X vectors. Must be at least zero.

beta Scaling factor for vectors Y.

y Buffer holding input/output vectors Y. Size of the buffermust be at least stridey * batch_size.

incy Stride between two consecutive elements of Y vectors.

stridey Stride between two consecutive Y vectors. Must be at least zero.

batch_size Number of gemv computations to perform. Must be at least zero.

OutputParameters

y Output buffer overwritten by batch_size gemv operations of the form alpha * op(A) * X + beta * Y.

gemv_batch (USMVersion)

USMversion of gemv_batch supports groupAPI stridedAPI.

GroupAPI

GroupAPI operation is defined as:

idx = 0
for i = 0 … group_count – 1

for j = 0 … group_size – 1
A is an m x n matrix in a[idx]
X and Y are vectors in x[idx] and y[idx]
Y = alpha[i] * op(A) * X + beta[i] * Y
idx = idx + 1

end for
end for

where:

• op(A) is one of op(A) = A, or op(A) = AT, or op(A) = AH

• alpha and beta are scalars

• A is matrix and X and Y are vectors

For group API, x and y arrays contain the pointers for all the input vectors. a array contains the pointers to all
inputmatrices. The total number of vectors in x and y andmatrices in a is given by:

total_batch_count =
group_count−1∑

i=0

group_size[i]
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Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event gemv_batch(sycl::queue &queue,

const oneapi::mkl::transpose *trans,
const std::int64_t *m,
const std::int64_t *n,
const T *alpha,
const T **a,
const std::int64_t *lda,
const T **x,
const std::int64_t *incx,
const T *beta,
T **y,
const std::int64_t *incy,
std::int64_t group_count,
const std::int64_t *group_size,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event gemv_batch(sycl::queue &queue,

const oneapi::mkl::transpose *trans,
const std::int64_t *m,
const std::int64_t *n,
const T *alpha,
const T **a,
const std::int64_t *lda,
const T **x,
const std::int64_t *incx,
const T *beta,
T **y,
const std::int64_t *incy,
std::int64_t group_count,
const std::int64_t *group_size,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

trans Array of group_count oneapi::mkl::transpose values. transa[i] specifies op(A), the transposition
operation applied tomatrices A in group i. SeeData Types for more details.

m Array of group_count integers. m[i] specifies number of rows ofmatrices op(A) in group i. All entriesmust
be at least zero.

n Array of group_count integers. n[i] specifies number of columns of matrices op(A) in group i. All entries
must be at least zero.
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alpha Array of group_count scalar elements. alpha[i] specifies scaling factor for matrix-vector products in
group i.

a Array of total_batch_count pointers for inputmatrices A. SeeMatrix Storage for more details.

lda Array of group_count integers. lda[i] specifies leading dimension ofmatrices A in group i. Must be pos-
itive and at least m[i] if columnmajor layout or at least n[i] if rowmajor layout is used.

x Array of total_batch_count pointers for input vectors X. SeeMatrix Storage for more details.

incx Array of group_count integers. incx[i] specifies stride of vectors X in group i.

beta Array of group_count scalar elements. beta[i] specifies scaling factor for vectors Y in group i.

y Array of total_batch_count pointers for input/output vectors Y. SeeMatrix Storage for more details.

incy Array of group_count integers. incy[i] specifies stride of vectors Y in group i.

group_count Number of groups. Must be at least zero.

group_size Arrayofgroup_count integers. group_size[i] specifies thenumber ofgemvoperations in group
i. Each element in group_sizemust be at least zero.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

y Array of pointers to output vectors Y overwritten by total_batch_count gemv operations of the form alpha
* op(A) * X + beta * Y.

ReturnValues

Output event to wait on to ensure computation is complete.

Examples

An example of how to useUSMversion of gemv_batch can be found in oneMKL installation directory, under:

examples/dpcpp/blas/source/gemv_batch_usm.cpp

StridedAPI

StridedAPI operation is defined as:

for i = 0 … batch_size – 1
A is a matrix at offset i * stridea in a.
X and Y are vctors at offset i * stridex, i * stridey, in x and y.
Y = alpha * op(A) * X + beta * Y

end for
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where:

• op(A) is one of op(A) = A, or op(A) = AT, or op(A) = AH

• alpha and beta are scalars

• A is matrix and X and Y are vectors

For strided API, x and y arrays contain all the input vectors. The stride between vectors is given by the stride
parameters. Total number of vectors in x and y arrays is given by batch_size parameter.

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event gemv_batch(sycl::queue &queue,

oneapi::mkl::transpose trans,
std::int64_t m,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
std::int64_t stridea,
const T *x,
std::int64_t incx,
std::int64_t stridex,
T beta,
T *y,
std::int64_t incy,
std::int64_t stridey,
std::int64_t batch_size)

}

namespace oneapi::mkl::blas::row_major {
sycl::event gemv_batch(sycl::queue &queue,

oneapi::mkl::transpose trans,
std::int64_t m,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
std::int64_t stridea,
const T *x,
std::int64_t incx,
std::int64_t stridex,
T beta,
T *y,
std::int64_t incy,
std::int64_t stridey,
std::int64_t batch_size)

}
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InputParameters

queue The queuewhere the routine should be executed.

trans Specifies op(A), the transposition operation applied tomatrices A. SeeData Types for more details.

m Number of rows ofmatrices op(A). Must be at least zero.

n Number of columns ofmatrices op(A). Must be at least zero.

alpha Scaling factor for matrix-vector product.

a Pointer to inputmatrices A. Size of the arraymust be at least stridea * batch_size.

lda Leading dimension of matrices A. Must be positive and at least m if column major layout or at least n if row
major layout is used.

stridea Stride between two consecutive Amatrices.

x Pointer to input vectors X. Size of the arraymust be at least stridex * batch_size.

incx Stride between two consecutive elements of X vectors.

stridex Stride between two consecutive X vectors. Must be at least zero.

beta Scaling factor for vectors Y.

y Pointer to input/output vectors Y. Size of the arraymust be at least stridey * batch_size.

incy Stride between two consecutive elements of Y vectors.

stridey Stride between two consecutive Y vectors. Must be at least zero.

batch_size Number of gemv computations to perform. Must be at least zero.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

y Pointer to output vectors Y overwritten by batch_size gemv operations of the form alpha * op(A) * X + beta *
Y.

ReturnValues

Output event to wait on to ensure computation is complete.

9.4.9 syrk_batch

Computes a group of syrk operations.
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Description

The syrk_batch routines are batched versions of syrk, performing multiple syrk operations in a single call.
Each syrk operation performs a rank-k update with general matrices.

syrk_batch supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>

syrk_batch (BufferVersion)

Buffer version of syrk_batch supports only stridedAPI.

StridedAPI

StridedAPI operation is defined as:

for i = 0 … batch_size – 1
A and C are matrices at offset i * stridea and i * stridec in a and c.
C = alpha * op(A) * op(A)^T + beta * C

end for

where:

• op(X) is one of op(X) = X, or op(X) = XT, or op(X) = XH

• alpha and beta are scalars

• A is general matrix and C is symmetricmatrix

• op(A) is n x k and C is n x n

For stridedAPI, a and cbuffers contain all the inputmatrices. The stride betweenmatrices is given by the stride
parameters. Total number of matrices in a and c buffers is given by batch_size parameter.

Syntax
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namespace oneapi::mkl::blas::column_major {
void syrk_batch(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
std::int64_t n,
std::int64_t k,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
std::int64_t stridea,
T beta,
sycl::buffer<T,1> &c,
std::int64_t ldc,
std::int64_t stridec,
std::int64_t batch_size,
compute_mode mode = compute_mode::unset)

}

namespace oneapi::mkl::blas::row_major {
void syrk_batch(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
std::int64_t n,
std::int64_t k,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
std::int64_t stridea,
T beta,
sycl::buffer<T,1> &c,
std::int64_t ldc,
std::int64_t stridec,
std::int64_t batch_size,
compute_mode mode = compute_mode::unset)

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrices C are upper or lower triangular. SeeData Types for more details.

trans Specifies op(A), transposition operation applied to matrices A. Conjugation is never performed even if
trans = transpose::conjtrans. SeeData Types for more details.

n Number of rows and columns ofmatrices C. Must be at least zero.

k Number of columns ofmatrices op(A). Must be at least zero.

alpha Scaling factor for rank-k update.

a Buffer holding inputmatrices A. Size of the buffermust be at least stridea * batch_size.
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lda Leading dimension ofmatrices A. Must be positive.

transa = transpose::
nontrans

transa = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least n Must be at least k

Rowmajor Must be at least k Must be at least n

stridea Stride between two consecutive Amatrices.

transa = transpose::
nontrans

transa = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least lda * k Must be at least lda * n

Rowmajor Must be at least lda * n Must be at least lda * k

beta Scaling factor for matrices C.

c Buffer holding input/outputmatrices C. Size of the buffermust be at least stridec * batch_size.

ldc Leading dimension ofmatrices C. Must be positive and at least n.

stridec Stride between two consecutive Cmatrices. Must be least ldc * n.

batch_size Specifies the number of matrix multiply operations to perform.

mode Optional. Computemode settings. SeeComputeModes for more details.

OutputParameters

c Output buffer overwritten by batch_size syrk operations of the form alpha * op(A) * op(A)T + beta * C.

syrk_batch (USMVersion)

USMversion of syrk_batch supports groupAPI and stridedAPI.

GroupAPI

GroupAPI operation is defined as:
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idx = 0
for i = 0 … group_count – 1

for j = 0 … group_size – 1
A, and C are matrices in a[idx] and c[idx]
C = alpha[i] * op(A) * op(A)^T + beta[i] * C
idx := idx + 1

end for
end for

where:

• op(X) is one of op(X) = X, or op(X) = XT, or op(X) = XH

• alpha and beta are scalars

• A is general matrix and C is symmetricmatrix

• op(A) is n x k and C is n x n

For group API, a and c arrays contain the pointers for all the input matrices. The total number of matrices in a
and c are given by:

total_batch_count =
group_count−1∑

i=0

group_size[i]

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event syrk_batch(sycl::queue &queue,

const oneapi::mkl::uplo *upper_lower,
const oneapi::mkl::transpose *trans,
const std::int64_t *n,
const std::int64_t *k,
const T *alpha,
const T **a,
const std::int64_t *lda,
const T *beta,
T **c,
const std::int64_t *ldc,
std::int64_t group_count,
const std::int64_t *group_size,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event syrk_batch(sycl::queue &queue,

const oneapi::mkl::uplo *upper_lower,
const oneapi::mkl::transpose *trans,
const std::int64_t *n,

(continues on next page)

253



Intel® oneAPIMath Kernel Library
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const std::int64_t *k,
const T *alpha,
const T **a,
const std::int64_t *lda,
const T *beta,
T **c,
const std::int64_t *ldc,
std::int64_t group_count,
const std::int64_t *group_size,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Array of group_count oneapi::mkl::uplo values. upper_lower[i] specifies whether matri-
ces C are upper or lower triangular in group i. SeeData Types for more details.

trans Array of group_count oneapi::mkl::transpose values. trans[i] specifies op(A), transposition oper-
ation applied tomatrices A in group i. SeeData Types for more details.

n Array of group_count integers. n[i] specifies number of rows and columns of matrices C in group i. All
entriesmust be at least zero.

k Array of group_count integers. k[i] specifies number of columns of matrices op(A) in group i. All entries
must be at least zero.

alpha Array of group_count scalar elements. alpha[i] specifies scaling factor for every rank-k update in
group i.

a Array of total_batch_count pointers for inputmatrices A. SeeMatrix Storage for more details.

trans = transpose::nontrans trans = transpose::trans or trans =
transpose::conjtrans

Column
major

Size of array A[i]must be at least
lda[i] * k[i]

Size of array A[i]must be at least lda[i] * n[i]

Row ma-
jor

Size of array A[i]must be at least
lda[i] * n[i]

Size of array A[i]must be at least lda[i] * k[i]

lda Array of group_count integers. lda[i] specifies leading dimension ofmatrices A in group i. Must be pos-
itive.

trans = transpose::
nontrans

trans = transpose::trans or trans = transpose:
:conjtrans

Column
major

Must be at least n[i]. Must be at least k[i].

Rowmajor Must be at least k[i]. Must be at least n[i].
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beta Array of group_count scalar elements. beta[i] specifies scaling factor for matrices C in group i.

c Array of total_batch_countpointers for input/outputmatrices C. Size of array C[i]must be at least ldc[i]
* n[i]. SeeMatrix Storage for more details.

ldc Array of group_count integers. ldc[i] specifies leading dimension ofmatrices C in group i. Must be pos-
itive.

group_count Number of groups. Must be at least zero.

group_size Arrayofgroup_count integers. group_size[i] specifies thenumber ofsyrkoperations in group
i. Each element in group_sizemust be at least zero.

mode Optional. Computemode settings. SeeComputeModes for more details.

dependencies Optional. List of events to wait for before starting computation, if any. If omitted, defaults to no
dependencies.

mode and dependencies may be omitted independently; it is not necessary to specify mode in order to
provide dependencies.

OutputParameters

c Array of pointers to outputmatrices Coverwritten by total_batch_count syrkoperations of the form alpha
* op(A) * op(A)T + beta * C.

ReturnValues

Output event to wait on to ensure computation is complete.

StridedAPI

StridedAPI operation is defined as:

for i = 0 … batch_size – 1
A and C are matrices at offset i * stridea and i * stridec in a and c.
C = alpha * op(A) * op(A)^T + beta * C

end for

where:

• op(X) is one of op(X) = X, or op(X) = XT, or op(X) = XH

• alpha and beta are scalars

• A is general matrix and C is symmetricmatrix

• op(A) is n x k and C is n x n

For strided API, a and c arrays contain all the input matrices. The stride betweenmatrices is given by the stride
parameters. Total number of matrices in a and c arrays is given by batch_size parameter.
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Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event syrk_batch(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
std::int64_t n,
std::int64_t k,
T alpha,
const T *a,
std::int64_t lda,
std::int64_t stridea,
T beta,
T *c,
std::int64_t ldc,
std::int64_t stridec,
std::int64_t batch_size,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event syrk_batch(sycl::queue &queue,

oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
std::int64_t n,
std::int64_t k,
T alpha,
const T *a,
std::int64_t lda,
std::int64_t stridea,
T beta,
T *c,
std::int64_t ldc,
std::int64_t stridec,
std::int64_t batch_size,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

upper_lower Specifies whethermatrices C are upper or lower triangular. SeeData Types for more details.

trans Specifies op(A), transposition operation applied to matrices A. Conjugation is never performed even if
trans = transpose::conjtrans. SeeData Types for more details.

n Number of rows and columns ofmatrices C. Must be at least zero.
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k Number of columns ofmatrices op(A). Must be at least zero.

alpha Scaling factor for rank-k update.

a Pointer to inputmatrices A. Size of the arraymust be at least stridea * batch_size.

lda Leading dimension ofmatrices A. Must be positive.

transa = transpose::
nontrans

transa = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least n Must be at least k

Rowmajor Must be at least k Must be at least n

stridea Stride between two consecutive Amatrices.

transa = transpose::
nontrans

transa = transpose::trans or trans =
transpose::conjtrans

Column
major

Must be at least lda * k Must be at least lda * n

Rowmajor Must be at least lda * n Must be at least lda * k

beta Scaling factor for matrices C.

c Pointer to input/outputmatrices C. Size of the arraymust be at least stridec * batch_size.

ldc Leading dimension ofmatrices C. Must be positive and at least n.

stridec Stride between two consecutive Cmatrices. Must be least ldc * n.

batch_size Specifies the number of matrix multiply operations to perform.

mode Optional. Computemode settings. SeeComputeModes for more details.

dependencies Optional. List of events to wait for before starting computation, if any. If omitted, defaults to no
dependencies.

mode and dependencies may be omitted independently; it is not necessary to specify mode in order to
provide dependencies.

OutputParameters

c Pointer to outputmatrices C overwritten by batch_size syrk operations of the form alpha * op(A) * op(A)T +
beta * C.
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ReturnValues

Output event to wait on to ensure computation is complete.

9.4.10 trsm_batch

Computes a group of trsm operations.

Description

The trsm_batch routines are batched versions of trsm, performing multiple trsm operations in a single call.
Each trsm solves an equation of the form op(A) * X = alpha * B or X * op(A) = alpha * B.

trsm_batch supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>

trsm_batch (BufferVersion)

Buffer version of trsm_batch supports only stridedAPI.

StridedAPI

StridedAPI operation is defined as:

for i = 0 … batch_size – 1
A and B are matrices at offset i * stridea and i * strideb in a and b.
if (left_right == side::left) then

compute X such that op(A) * X = alpha * B
else

compute X such that X * op(A) = alpha * B
B = X

end for

where:

• op(A) is one of op(A) = A, or op(A) = AT, or op(A) = AH

• alpha is a scalar

• A is either m x m or n x n triangular matrix

• B and X are m x n general matrices
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On return, matrix B is overwritten by solutionmatrix X.

For stridedAPI,aandbbufferscontains all the inputmatrices. Thestridebetweenmatrices isgivenby the stride
parameters. Total number of matrices in a and b buffers is given by batch_size parameter.

Syntax

namespace oneapi::mkl::blas::column_major {
void trsm_batch(sycl::queue &queue,

oneapi::mkl::side left_right,
oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
std::int64_t stridea,
sycl::buffer<T,1> &b,
std::int64_t ldb,
std::int64_t strideb,
std::int64_t batch_size,
compute_mode mode = compute_mode::unset)

}

namespace oneapi::mkl::blas::row_major {
void trsm_batch(sycl::queue &queue,

oneapi::mkl::side left_right,
oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T,1> &a,
std::int64_t lda,
std::int64_t stridea,
sycl::buffer<T,1> &b,
std::int64_t ldb,
std::int64_t strideb,
std::int64_t batch_size,
compute_mode mode = compute_mode::unset)

}
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InputParameters

queue The queuewhere the routine should be executed.

left_right Specifies whether matrices A are on the left side or right side of the multiplication. SeeData Types
for more details.

upper_lower Specifies whethermatrices A are upper or lower triangular. SeeData Types for more details.

trans Specifies op(A), transposition operation applied tomatrices A. SeeData Types for more details.

unit_diag Specifies whethermatrices A are unit triangular or not. SeeData Types for more details.

m Number of rows ofmatrices B. Must be at least zero.

n Number of columns ofmatrices B. Must be at least zero.

alpha Scaling factor for the solution.

a Buffer holding inputmatricees A. Size of the buffermust be at least stridea * batch_size.

lda Leading dimension ofmatrices A. Must be at least m if left_right = side::left or at least n if left_right
= side::right. Must be positive.

stridea Stride between two consecutive Amatrices.

b Buffer holding input/outputmatrices B. Size of the buffermust be at least strideb * batch_size.

ldb Leading dimension ofmatrices B. Must be at least m if columnmajor layout or at least n if rowmajor layout is
used. Must be positive.

strideb Stride between two consecutive Bmatrices.

batch_size Specifies number of triangular linear systems to solve.

mode Optional. Computemode settings. SeeComputeModes for more details.

OutputParameters

b Output buffer overwritten by batch_size solutionmatrices X.

Note: Ifalpha =0,matricesBareset tozero, andAandBdonotneed tobe initializedbeforecallingtrsm_batch..

trsm_batch (USMVersion)

USMversion of trsm_batch supports groupAPI and stridedAPI.
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GroupAPI

GroupAPI operation is defined as:

idx = 0
for i = 0 … group_count – 1

for j = 0 … group_size – 1
A and B are matrices in a[idx] and b[idx]
if (left_right == side::left) then

compute X such that op(A) * X = alpha[i] * B
else

compute X such that X * op(A) = alpha[i] * B
end if
B = X
idx = idx + 1

end for
end for

where:

• op(A) is one of op(A) = A, or op(A) = AT, or op(A) = AH

• alpha is a scalar

• A is either m x m or n x n triangular matrix

• B and X are m x n general matrices

On return, matrix B is overwritten by solutionmatrix X.

For group API, a and b arrays contain the pointers for all the input matrices. The total number of matrices in a
and b are given by:

total_batch_count =
group_count−1∑

i=0

group_size[i]

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event trsm_batch(sycl::queue &queue,

const oneapi::mkl::side *left_right,
const oneapi::mkl::uplo *upper_lower,
const oneapi::mkl::transpose *trans,
const oneapi::mkl::diag *unit_diag,
const std::int64_t *m,
const std::int64_t *n,
const T *alpha,
const T **a,
const std::int64_t *lda,
T **b,

(continues on next page)
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(continued from previous page)

const std::int64_t *ldb,
std::int64_t group_count,
const std::int64_t *group_size,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event trsm_batch(sycl::queue &queue,

const oneapi::mkl::side *left_right,
const oneapi::mkl::uplo *upper_lower,
const oneapi::mkl::transpose *trans,
const oneapi::mkl::diag *unit_diag,
const std::int64_t *m,
const std::int64_t *n,
const T *alpha,
const T **a,
const std::int64_t *lda,
T **b,
const std::int64_t *ldb,
std::int64_t group_count,
const std::int64_t *group_size,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

left_right Array of group_count oneapi::mkl::side values. left_right[i] specifies whether matrices A
are on the left side or right side of themultiplication in group i. SeeData Types for more details.

upper_lower Array of group_count oneapi::mkl::uplo values. upper_lower[i] specifies whether matri-
ces A are upper or lower triangular in group i. SeeData Types for more details.

trans Array of group_count oneapi::mkl::transpose values. trans[i] specifies op(A), transposition oper-
ation applied tomatrices A in each group i. SeeData Types for more details.

unit_diag Arrayofgroup_countoneapi::mkl::diagvalues. unit_diag[i] specifieswhethermatricesAare
unit triangular or not. SeeData Types for more details.

m Array of group_count integers. m[i] specifies number of rows of matrices B in group i. All entries must be
at least zero.

n Array of group_count integers. n[i] specifies number of columns of matrices B in group i. All entries must
be at least zero.

alpha Array of group_count scalar elements. alpha[i] specifies scaling factors for the solutions in group i.

a Array of total_batch_count pointers for inputmatrices A. SeeMatrix Storage for more details.
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lda Array of group_count integers. lda[i] specifies leading dimension of matrices A in group i. Must be at
least m[i] if left_right[i] = side::left or at least n[i] if left_right[i] = side::right. All entries
must be positive.

b Array of total_batch_count pointers for input/outputmatrices B. SeeMatrix Storage for more details.

ldb Array of group_count integers. ldb[i] specifies leading dimension of matrices B in group i. Must be at
least m[i] if columnmajor layout or at least n[i] if rowmajor layout is used. All entriesmust be positive.

group_count Number of groups. Must be at least zero.

group_size Arrayofgroup_count integers. group_size[i] specifies thenumber oftrsmoperations in group
i. Each element in group_sizemust be at least zero.

mode Optional. Computemode settings. SeeComputeModes for more details.

dependencies Optional. List of events to wait for before starting computation, if any. If omitted, defaults to no
dependencies.

mode and dependencies may be omitted independently; it is not necessary to specify mode in order to
provide dependencies.

OutputParameters

b Array of pointers to output matrices B overwritten by total_batch_count solutionmatrices X.

Note: Ifalpha =0,matricesBareset tozero, andAandBdonotneed tobe initializedbeforecallingtrsm_batch..

ReturnValues

Output event to wait on to ensure computation is complete.

StridedAPI

StridedAPI operation is defined as:

for i = 0 … batch_size – 1
A and B are matrices at offset i * stridea and i * strideb in a and b.
if (left_right == side::left) then

compute X such that op(A) * X = alpha * B
else

compute X such that X * op(A) = alpha * B
B = X

end for

where:
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• op(A) is one of op(A) = A, or op(A) = AT, or op(A) = AH

• alpha is a scalar

• A is either m x m or n x n triangular matrix

• B and X are m x n general matrices

On return, matrix B is overwritten by solutionmatrix X.

For strided API, a and b arrays contain all the input matrices. The stride betweenmatrices is given by the stride
parameters. Total number of matrices in a and b arrays is given by batch_size parameter.

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event trsm_batch(sycl::queue &queue,

oneapi::mkl::side left_right,
oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t m,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
std::int64_t stridea,
T *b,
std::int64_t ldb,
std::int64_t strideb,
std::int64_t batch_size,
compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

namespace oneapi::mkl::blas::row_major {
sycl::event trsm_batch(sycl::queue &queue,

oneapi::mkl::side left_right,
oneapi::mkl::uplo upper_lower,
oneapi::mkl::transpose trans,
oneapi::mkl::diag unit_diag,
std::int64_t m,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
std::int64_t stridea,
T *b,
std::int64_t ldb,
std::int64_t strideb,
std::int64_t batch_size,

(continues on next page)
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compute_mode mode = compute_mode::unset,
const std::vector<sycl::event> &dependencies = {})

}

InputParameters

queue The queuewhere the routine should be executed.

left_right Specifies whether matrices A are on the left side or right side of the multiplication. SeeData Types
for more details.

upper_lower Specifies whethermatrices A are upper or lower triangular. SeeData Types for more details.

trans Specifies op(A), transposition operation applied tomatrices A. SeeData Types for more details.

unit_diag Specifies whethermatrices A are unit triangular or not. SeeData Types for more details.

m Number of rows ofmatrices B. Must be at least zero.

n Number of columns ofmatrices B. Must be at least zero.

alpha Scaling factor for the solution.

a Pointer to inputmatricees A. Size of the arraymust be at least stridea * batch_size.

lda Leading dimension ofmatrices A. Must be at least m if left_right = side::left or at least n if left_right
= side::right. Must be positive.

stridea Stride between two consecutive Amatrices.

b Pointer to input/outputmatrices B. Size of the arraymust be at least strideb * batch_size.

ldb Leading dimension ofmatrices B. Must be at least m if columnmajor layout or at least n if rowmajor layout is
used. Must be positive.

strideb Stride between two consecutive Bmatrices.

batch_size Specifies number of triangular linear systems to solve.

mode Optional. Computemode settings. SeeComputeModes for more details.

dependencies Optional. List of events to wait for before starting computation, if any. If omitted, defaults to no
dependencies.

mode and dependencies may be omitted independently; it is not necessary to specify mode in order to
provide dependencies.
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OutputParameters

b Pointer to output matrix B overwritten by batch_size solutionmatrices X.

Note: Ifalpha =0,matricesBareset tozero, andAandBdonotneed tobe initializedbeforecallingtrsm_batch..

ReturnValues

Output event to wait on to ensure computation is complete.

9.4.11 omatcopy

Computes an out-of-place scaledmatrix transpose or copy operation using a general matrix.

Description

The omatcopy routine performs an out-of-place scaled matrix copy or transposition. The operation is defined
as:

B ← alpha ∗ op(A)

where:

• op(X) is one of op(X) = X, or op(X) = XT, or op(X) = XH

• alpha is a scalar

• A and B arematrices

• A is m x nmatrix

• B is m x nmatrix if op is non-transpose and an n x mmatrix otherwise.

omatcopy supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>

omatcopy (BufferVersion)

Syntax
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namespace oneapi::mkl::blas::column_major {
void omatcopy(sycl::queue &queue,

oneapi::mkl::transpose trans,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T, 1> &a,
std::int64_t lda,
sycl::buffer<T, 1> &b,
std::int64_t ldb);

}

namespace oneapi::mkl::blas::row_major {
void omatcopy(sycl::queue &queue,

oneapi::mkl::transpose trans,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T, 1> &a,
std::int64_t lda,
sycl::buffer<T, 1> &b,
std::int64_t ldb);

}

InputParameters

queue The queuewhere the routine will be executed.

trans Specifies op(A), the transposition operation applied to thematrix A. SeeData Types for more details.

m Number of rows for thematrix A. Must be at least zero.

n Number of columns for thematrix A. Must be at least zero.

alpha Scaling factor for thematrix transposition or copy.

a Buffer holding the input matrix A. Must have size at least lda * n for column-major and at least lda * m for row-
major.

lda Leading dimension of thematrix A. If matrices are stored using columnmajor layout, ldamust be at least m.
If matrices are stored using rowmajor layout, ldamust be at least n. Must be positive.

ldb Leading dimension of thematrix B. Must be positive.

trans = transpose::
nontrans

trans = transpose::trans or trans = transpose:
:conjtrans

Column
major

Must be at least m Must be at least n

Rowmajor Must be at least n Must be at least m
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OutputParameters

b Output buffer, overwritten by alpha * op(A).

trans = transpose::nontrans trans = transpose::trans or trans =
transpose::conjtrans

Column
major

B is m x nmatrix. Size of array bmust
be at least ldb * n

B is n x mmatrix. Size of array amust be at least
ldb * m

Row ma-
jor

B is m x nmatrix. Size of array bmust
be at least ldb * m

B is n x mmatrix. Size of array bmust be at least
ldb * n

omatcopy (USMVersion)

Syntax

USMarrays:

namespace oneapi::mkl::blas::column_major {
sycl::event omatcopy(sycl::queue &queue,

oneapi::mkl::transpose trans,
std::int64_t m,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
T *b,
std::int64_t ldb,
const std::vector<sycl::event> &dependencies = {});

}

namespace oneapi::mkl::blas::row_major {
sycl::event omatcopy(sycl::queue &queue,

oneapi::mkl::transpose trans,
std::int64_t m,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
T *b,
std::int64_t ldb,
const std::vector<sycl::event> &dependencies = {});

}
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InputParameters

queue The queuewhere the routine will be executed.

trans Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

m Number of rows for thematrix A. Must be at least zero.

n Number of columns for thematrix A. Must be at least zero.

alpha Scaling factor for thematrix transposition or copy.

a Pointer to inputmatrix A. Must have size at least lda * n for column-major and at least lda * m for row-major.

lda Leading dimension of thematrix A. If matrices are stored using columnmajor layout, ldamust be at least m.
If matrices are stored using rowmajor layout, ldamust be at least n. Must be positive.

ldb Leading dimension of thematrix B. Must be positive.

trans = transpose::
nontrans

trans = transpose::trans or trans = transpose:
:conjtrans

Column
major

Must be at least m Must be at least n

Rowmajor Must be at least n Must be at least m

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

b Pointer to output matrix B overwritten by alpha * op(A).

trans = transpose::nontrans trans = transpose::trans or trans =
transpose::conjtrans

Column
major

B is m x nmatrix. Size of array bmust
be at least ldb * n

B is n x mmatrix. Size of array amust be at least
ldb * m

Row ma-
jor

B is m x nmatrix. Size of array bmust
be at least ldb * m

B is n x mmatrix. Size of array bmust be at least
ldb * n

ReturnValues

Output event to wait for to ensure computation is complete.
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9.4.12 imatcopy

Computes an in-place scaledmatrix transpose or copy operation using a general matrix.

Description

The imatcopy routine performs an in-place scaledmatrix copy or transposition. The operation is defined as:

AB ← alpha ∗ op(AB)

where:

• op(X) is one of op(X) = X, or op(X) = XT, or op(X) = XH

• alpha is a scalar

• AB is amatrix

• AB is m x n on input.

imatcopy supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>

imatcopy (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void imatcopy(sycl::queue &queue,

oneapi::mkl::transpose trans,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T, 1> &ab,
std::int64_t lda,
std::int64_t ldb);

}

namespace oneapi::mkl::blas::row_major {
void imatcopy(sycl::queue &queue,

oneapi::mkl::transpose trans,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T, 1> &ab,
std::int64_t lda,
std::int64_t ldb);

}
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InputParameters

queue The queuewhere the routine will be executed.

trans Specifies op(AB), the transposition operation applied to thematrix AB. SeeData Types for more details.

m Number of rows for thematrix AB on input. Must be at least zero.

n Number of columns for thematrix AB on input. Must be at least zero.

alpha Scaling factor for thematrix transposition or copy.

ab Buffer holding the input/outputmatrix AB. Must have size as follows:

trans = transpose::nontrans trans = transpose::trans or trans =
transpose::conjtrans

Column
major

Size of array ab must be at least
max(lda, ldb) * n

Size of array abmust be at least max(lda, ldb) *
max(m, n)

Row ma-
jor

Size of array ab must be at least
max(lda, ldb) * m

Size of array abmust be at least max(lda, ldb) *
max(m, n)

lda Leading dimension of thematrix AB on input. If matrices are stored using columnmajor layout, ldamust be
at least m. If matrices are stored using rowmajor layout, ldamust be at least n. Must be positive.

ldb Leading dimension of thematrix AB on output. Must be positive.

trans = transpose::
nontrans

trans = transpose::trans or trans = transpose:
:conjtrans

Column
major

Must be at least m Must be at least n

Rowmajor Must be at least n Must be at least m

OutputParameters

ab Output buffer, overwritten by alpha * op(AB).

imatcopy (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event imatcopy(sycl::queue &queue,

oneapi::mkl::transpose trans,
std::int64_t m,
std::int64_t n,

(continues on next page)
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T alpha,
T *ab,
std::int64_t lda,
std::int64_t ldb,
const std::vector<sycl::event> &dependencies = {});

}

namespace oneapi::mkl::blas::row_major {
sycl::event imatcopy(sycl::queue &queue,

oneapi::mkl::transpose trans,
std::int64_t m,
std::int64_t n,
T alpha,
T *ab,
std::int64_t lda,
std::int64_t ldb,
const std::vector<sycl::event> &dependencies = {});

}

InputParameters

queue The queuewhere the routine will be executed.

trans Specifies op(AB), the transposition operation applied to thematrix AB. SeeData Types for more details.

m Number of rows for thematrix AB on input. Must be at least zero.

n Number of columns for thematrix AB on input. Must be at least zero.

alpha Scaling factor for thematrix transposition or copy.

ab Pointer to input/outputmatrix AB. Must have size as follows:

trans = transpose::nontrans trans = transpose::trans or trans =
transpose::conjtrans

Column
major

Size of array ab must be at least
max(lda, ldb) * n

Size of array abmust be at least max(lda, ldb) *
max(m, n)

Row ma-
jor

Size of array ab must be at least
max(lda, ldb) * m

Size of array abmust be at least max(lda, ldb) *
max(m, n)

lda Leading dimension of thematrix AB on input. If matrices are stored using columnmajor layout, ldamust be
at least m. If matrices are stored using rowmajor layout, ldamust be at least n. Must be positive.

ldb Leading dimension of thematrix AB on output. Must be positive.
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trans = transpose::
nontrans

trans = transpose::trans or trans = transpose:
:conjtrans

Column
major

Must be at least m Must be at least n

Rowmajor Must be at least n Must be at least m

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

ab Pointer to output matrix AB overwritten by alpha * op(AB).

ReturnValues

Output event to wait for to ensure computation is complete.

9.4.13 omatadd

Computes a sumof two general matrices, with optional transposes.

Description

Theomatadd routineperformsanout-of-placescaledmatrix additionwithoptional transposes in thearguments.
The operation is defined as:

C ← alpha ∗ op(A) + beta ∗ op(B)

where:

• op(X) is one of op(X) = X, or op(X) = XT, or op(X) = XH

• alpha and beta are scalars

• A, B and C arematrices

• op(A) is m x nmatrix

• op(B) is m x nmatrix

• C is m x nmatrix

In general, A, B, and Cmust not overlap inmemory, with the exception of the following in-place operations:

• A and Cmay point to the samememory if op(A) is non-transpose and lda = ldc;

• B and Cmay point to the samememory if op(B) is non-transpose and ldb = ldc.
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omatadd supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>

omatadd (BufferVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
void omatadd(sycl::queue &queue,

oneapi::mkl::transpose transa,
oneapi::mkl::transpose transb,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T, 1> &a,
std::int64_t lda,
T beta,
sycl::buffer<T, 1> &b,
std::int64_t ldb,
sycl::buffer<T, 1> &c,
std::int64_t ldc)

}

namespace oneapi::mkl::blas::row_major {
void omatadd(sycl::queue &queue,

oneapi::mkl::transpose transa,
oneapi::mkl::transpose transb,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T, 1> &a,
std::int64_t lda,
T beta,
sycl::buffer<T, 1> &b,
std::int64_t ldb,
sycl::buffer<T, 1> &c,
std::int64_t ldc)

}
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InputParameters

queue The queuewhere the routine will be executed.

transa Specifies op(A), the transposition operation applied to thematrix A.

transb Specifies op(B), the transposition operation applied to thematrix B.

m Number of rows for the result matrix C. Must be at least zero.

n Number of columns for the result matrix C. Must be at least zero.

alpha Scaling factor for thematrix A.

a Buffer holding the inputmatrix A.

transa = transpose::nontrans transa = transpose::trans or transa =
transpose::conjtrans

Column
major

A is m x nmatrix. Size of array amust
be at least lda * n

A is n x mmatrix. Size of array amust be at least
lda * m

Row ma-
jor

A is m x nmatrix. Size of array amust
be at least lda * m

A is n x mmatrix. Size of array amust be at least
lda * n

lda Leading dimension ofmatrix A. Must be positive

transa = transpose::
nontrans

transa = transpose::trans or transa =
transpose::conjtrans

Column
major

Must be at least m Must be at least n

Rowmajor Must be at least n Must be at least m

beta Scaling factor for thematrix B.

b Buffer holding the inputmatrix B.

transb = transpose::nontrans transb = transpose::trans or transb =
transpose::conjtrans

Column
major

B is m x nmatrix. Size of array bmust
be at least ldb * n

B is n x mmatrix. Size of array bmust be at least
ldb * m

Row ma-
jor

B is m x nmatrix. Size of array bmust
be at least ldb * m

B is n x mmatrix. Size of array bmust be at least
ldb * n

ldb Leading dimension ofmarix B. Must be positive.
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transb = transpose::
nontrans

transb = transpose::trans or transb =
transpose::conjtrans

Column
major

Must be at least m Must be at least n

Rowmajor Must be at least n Must be at least m

ldc Leading dimension of thematrix C. If matrices are stored using columnmajor layout, ldcmust be at least m.
If matrices are stored using rowmajor layout, ldcmust be at least n. Must be positive.

OutputParameters

c Output buffer overwritten by alpha * op(A) + beta * op(B).

Columnmajor C is m x nmatrix. Size of array cmust be at least ldc * n
Rowmajor C is m x nmatrix. Size of array cmust be at least ldc * m

omatadd (USMVersion)

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event omatadd(sycl::queue &queue,

oneapi::mkl::transpose transa,
oneapi::mkl::transpose transb,
std::int64_t m,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
T beta,
const T *b,
std::int64_t ldb,
T *c,
std::int64_t ldc,
const std::vector<sycl::event> &dependencies = {});

}

namespace oneapi::mkl::blas::row_major {
sycl::event omatadd(sycl::queue &queue,

oneapi::mkl::transpose transa,
oneapi::mkl::transpose transb,
std::int64_t m,
std::int64_t n,
T alpha,
const T *a,

(continues on next page)
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std::int64_t lda,
T beta,
const T *b,
std::int64_t ldb,
T *c,
std::int64_t ldc,
const std::vector<sycl::event> &dependencies = {});

}

InputParameters

queue The queuewhere the routine will be executed.

transa Specifies op(A), the transposition operation applied tomatrix A. SeeData Types for more details.

transb Specifies op(B), the transposition operation applied tomatrix B. SeeData Types for more details.

m Number of rows for the result matrix C. Must be at least zero.

n Number of columns for the result matrix C. Must be at least zero.

alpha Scaling factor for thematrix A.

a Pointer to inputmatrix A. SeeMatrix Storage for more details.

transa = transpose::nontrans transa = transpose::trans or transa =
transpose::conjtrans

Column
major

A is m x nmatrix. Size of array amust
be at least lda * n

A is n x mmatrix. Size of array amust be at least
lda * m

Row ma-
jor

A is m x nmatrix. Size of array amust
be at least lda * m

A is n x mmatrix. Size of array amust be at least
lda * n

lda Leading dimension ofmatrix A. Must be positive

transa = transpose::
nontrans

transa = transpose::trans or transa =
transpose::conjtrans

Column
major

Must be at least m Must be at least n

Rowmajor Must be at least n Must be at least m

beta Scaling factor for thematrix B.

b Pointer to inputmatrix B. SeeMatrix Storage for more details.
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transb = transpose::nontrans transb = transpose::trans or transb =
transpose::conjtrans

Column
major

B is m x nmatrix. Size of array bmust
be at least ldb * n

B is n x mmatrix. Size of array bmust be at least
ldb * m

Row ma-
jor

B is m x nmatrix. Size of array bmust
be at least ldb * m

B is n x mmatrix. Size of array bmust be at least
ldb * n

ldb Leading dimension ofmarix B. Must be positive.

transb = transpose::
nontrans

transb = transpose::trans or transb =
transpose::conjtrans

Column
major

Must be at least m Must be at least n

Rowmajor Must be at least n Must be at least m

ldc Leading dimension of thematrix C. If matrices are stored using columnmajor layout, ldcmust be at least m.
If matrices are stored using rowmajor layout, ldcmust be at least n. Must be positive.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

c Pointer to output matrix overwritten by alpha * op(A) + beta * op(B).

Columnmajor C is m x nmatrix. Size of array cmust be at least ldc * n
Rowmajor C is m x nmatrix. Size of array cmust be at least ldc * m

ReturnValues

Output event to wait for to ensure computation is complete.

9.4.14 omatcopy_batch

Computes a group of out-of-place scaledmatrix transpose or copy operations using general matrices.
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Description

Theomatcopy_batch routinesperforma series of out-of-place scaledmatrix copies or transpositions. They are
similar to the omatcopy routines, but the omatcopy_batch routines perform matrix operations with a group of
matrices.

omatcopy_batch supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>

omatcopy_batch (BufferVersion)

Buffer version of omatcopy_batch supports only stridedAPI.

StridedAPI

The operation for the stridedAPI is defined as:

for i = 0 … batch_size – 1
A and B are matrices at offset i * stride_a in a and i * stride_b in b
B = alpha * op(A)

end for

where:

• op(X) is one of op(X) = X, op(X) = X', or op(X) = conjg(X')

• alpha is a scalar

• A and B arematrices

For the strided API, the single input buffer contains all the input matrices, and the single output buffer contains
all theoutputmatrices. The locationsof the individualmatriceswithin thebufferaregivenbystride lengths,while
the number of matrices is given by the batch_size parameter.

Syntax
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namespace oneapi::mkl::blas::column_major {
void omatcopy_batch(sycl::queue &queue,

transpose trans,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T, 1> &a,
std::int64_t lda,
std::int64_t stride_a,
sycl::buffer<T, 1> &b,
std::int64_t ldb,
std::int64_t stride_b,
std::int64_t batch_size);

}

namespace oneapi::mkl::blas::row_major {
void omatcopy_batch(sycl::queue &queue,

transpose trans,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T, 1> &a,
std::int64_t lda,
std::int64_t stride_a,
sycl::buffer<T, 1> &b,
std::int64_t ldb,
std::int64_t stride_b,
std::int64_t batch_size);

}

InputParameters

queue The queuewhere the routine should be executed.

trans Specifies op(A), the transposition operation applied to thematrices A.

m Number of rows for eachmatrix A. Must be at least zero.

n Number of columns for eachmatrix A. Must be at least zero.

alpha Scaling factor for thematrix transposition or copy.

a Buffer holding the inputmatrices A. Must have size at least stride_a*batch_size.

lda Leadingdimension of theAmatrices. If matrices are stored using columnmajor layout, ldamust be at least
m. If matrices are stored using rowmajor layout, ldamust be at least n. Must be positive.

stride_a Stride between the different Amatrices. If matrices are stored using column major layout, stride_a
must be at least lda*n. If matrices are stored using rowmajor layout, stride_amust be at least lda*m.
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ldb Leading dimension of thematrices B. Must be positive and satisfy:

trans = transpose::
nontrans

trans = transpose::trans or trans = transpose:
:conjtrans

Column
major

Must be at least m Must be at least n

Rowmajor Must be at least n Must be at least m

stride_b Stride between the different Bmatrices in the buffer b. Must be positive and satisfy:

trans = transpose::
nontrans

trans = transpose::trans or trans = transpose:
:conjtrans

Column
major

Must be at least ldb*n Must be at least ldb*m

Rowmajor Must be at least ldb*m Must be at least ldb*n

batch_size Specifies the number of matrices to transpose or copy. Must be at least zero.

OutputParameters

b Output buffer, overwritten by batch_size matrix transpose or copy operations of the form alpha*op(A).
Must have size at least stride_b*batch_size.

omatcopy_batch (USMVersion)

USMversion of omatcopy_batch supports groupAPI and stridedAPI.

GroupAPI

The operation for the groupAPI is defined as:

idx = 0
for i = 0 … group_count – 1

m, n, alpha, lda, ldb and group_size at position i in their respective arrays
for j = 0 … group_size – 1

A and B are matrices at position idx in their respective arrays
B = alpha * op(A)
idx := idx + 1

end for
end for

where:
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• op(X) is one of op(X) = X, op(X) = X', or op(X) = conjg(X')

• alpha is a scalar

• A and B arematrices

For the groupAPI, thematrices are given by arrays of pointers. A and B represent matrices stored at addresses
pointed to by a and b respectively. The total number of entries in a and b are given by:

total_batch_count =
group_count−1∑

i=0

group_size[i]

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event omatcopy_batch(sycl::queue &queue,

const transpose *trans,
const std::int64_t *m,
const std::int64_t *n,
const T *alpha,
const T **a,
const std::int64_t *lda,
T **b,
const std::int64_t *ldb,
std::int64_t group_count,
const std::int64_t *groupsize,
const std::vector<sycl::event> &dependencies = {});

}

namespace oneapi::mkl::blas::row_major {
sycl::event omatcopy_batch(sycl::queue &queue,

const transpose *trans,
const std::int64_t *m,
const std::int64_t *n,
const T *alpha,
const T **a,
const std::int64_t *lda,
T **b,
const std::int64_t *ldb,
std::int64_t group_count,
const std::int64_t *groupsize,
const std::vector<sycl::event> &dependencies = {});

}
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InputParameters

queue The queuewhere the routine should be executed.

trans Array of size group_count. Each element i in the array specifies op(A) the transposition operation ap-
plied to thematrices A.

m Array of group_count integers. m[i] specifies the number of rows of A[i]. Each entrymust be at least zero.

n Array of group_count integers. n[i] specifies the number of columns of A[i]. Each entry must be at least
zero.

alpha Array of size group_count containing scaling factors for the operation.

a Array of size total_batch_count of pointers to A matrices. If matrices are stored in column major layout,
the array allocated for each A matrix of the group i must be of size at least lda[i] * n[i]. If matrices
are stored in rowmajor layout, the array allocated for each Amatrix of the group imust be of size at least
lda[i]*m[i].

lda Array of group_count integers. lda[i] specifies the leading dimension of the A[i]matrix. If matrices are
stored using column major layout, lda[i] must be at least m[i]. If matrices are stored using row major
layout, lda[i]must be at least n[i]. Eachmust be positive.

ldb Array of group_count integers. ldb[i] specifies the leading dimension of the B[i]matrix. Each ldb[i]
must be positive and satisfy:

trans[i] = transpose::
nontrans

trans[i] = transpose::trans or trans[i] =
transpose::conjtrans

Column
major

Must be at least m[i] Must be at least n[i]

Row ma-
jor

Must be at least n[i] Must be at least m[i]

group_count Number of groups. Must be at least 0.

group_size Array of size group_count`. The element ``group_size[i] is the number of matrices in the
group i. Each element in group_sizemust be at least 0.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

b Output array of pointers to B matrices, overwritten by total_batch_count matrix transpose or copy oper-
ations of the form alpha*op(A). If matrices are stored using column major layout, the array allocated for
each Bmatrix of the group imust be of size at least ldb[i] * n[i] if B is not transposedor ldb[i]*m[i]
if B is transposed. If matrices are stored using rowmajor layout, the array allocated for each Bmatrix of the
group imust be of size at least ldb[i] * m[i] if B is not transposed or ldb[i]*n[i] if B is transposed.
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ReturnValues

Output event to wait on to ensure computation is complete.

StridedAPI

The operation for the stridedAPI is defined as:

for i = 0 … batch_size – 1
A and B are matrices at offset i * stride_a in a and i * stride_b in b
B = alpha * op(A)

end for

where:

• op(X) is one of op(X) = X, op(X) = X', or op(X) = conjg(X')

• alpha is a scalar

• A and B arematrices

For the stridedAPI, the single input array contains all the inputmatrices, and the single output array contains all
the output matrices. The locations of the individual matrices within the array are given by stride lengths, while
the number of matrices is given by the batch_size parameter.

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event omatcopy_batch(sycl::queue &queue,

transpose trans,
std::int64_t m,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
std::int64_t stride_a,
T *b,
std::int64_t ldb,
std::int64_t stride_b,
std::int64_t batch_size,
const std::vector<sycl::event> &dependencies = {});

}

namespace oneapi::mkl::blas::row_major {
sycl::event omatcopy_batch(sycl::queue &queue,

transpose trans,
std::int64_t m,
std::int64_t n,

(continues on next page)
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T alpha,
const T *a,
std::int64_t lda,
std::int64_t stride_a,
T *b,
std::int64_t ldb,
std::int64_t stride_b,
std::int64_t batch_size,
const std::vector<sycl::event> &dependencies = {});

}

InputParameters

trans Specifies op(A), the transposition operation applied to thematrices A.

m Number of rows for eachmatrix A. Must be at least zero.

n Number of columns for eachmatrix A. Must be at least zero.

alpha Scaling factor for thematrix transposition or copy.

a Array holding the inputmatrices A. Must have size at least stride_a*batch_size.

lda Leading dimension of the Amatrices. If matrices are stored using columnmajor layout, ldamust be at least
m. If matrices are stored using rowmajor layout, ldamust be at least n. Must be positive.

stride_a Stride between the different Amatrices. If matrices are stored using column major layout, stride_a
must be at least lda*n. If matrices are stored using rowmajor layout, stride_amust be at least lda*m.

ldb Leading dimension of thematrices B. Must be positive and satisfy:

trans = transpose::
nontrans

trans = transpose::trans or trans = transpose:
:conjtrans

Column
major

Must be at least m Must be at least n

Rowmajor Must be at least n Must be at least m

stride_b Stride between the different Bmatrices in the array b. Must be positive and satisfy:

trans = transpose::
nontrans

trans = transpose::trans or trans = transpose:
:conjtrans

Column
major

Must be at least ldb*n Must be at least ldb*m

Rowmajor Must be at least ldb*m Must be at least ldb*n

batch_size Specifies the number of matrices to transpose or copy. Must be at least zero.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.
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OutputParameters

b Output array, overwrittenbybatch_sizematrix transposeor copyoperationsof the formalpha*op(A).Must
have size at least stride_b*batch_size.

ReturnValues

Output event to wait on to ensure computation is complete.

9.4.15 imatcopy_batch

Computes a group of in-place scaledmatrix transpose or copy operations using general matrices.

Description

Theimatcopy_batch routinesperformaseriesof in-placescaledmatrixcopiesor transpositions. Theyaresimi-
lar to theimatcopy routines, but theimatcopy_batch routinesperform their operationswithgroupsofmatrices.
The groups containmatrices with the same parameters.

imatcopy_batch supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>

imatcopy_batch (BufferVersion)

Buffer version of imatcopy_batch supports only stridedAPI.

StridedAPI

The operation for the stridedAPI is defined as:

for i = 0 … batch_size – 1
AB is a matrix at offset i * stride in ab
AB = alpha * op(AB)

end for

where:

• op(X) is one of op(X) = X, op(X) = X', or op(X) = conjg(X')
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• alpha is a scalar

• AB is amatrix to be transformed in place

For the strided API, the single buffer AB contains all the matrices to be transformed in place. The locations of
the individualmatriceswithin the buffer are given by stride lengths, while the number ofmatrices is given by the
batch_size parameter.

Syntax

namespace oneapi::mkl::blas::column_major {
void imatcopy_batch(sycl::queue &queue,

transpose trans,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T, 1> &ab,
std::int64_t lda,
std::int64_t ldb,
std::int64_t stride,
std::int64_t batch_size);

}

namespace oneapi::mkl::blas::row_major {
void imatcopy_batch(sycl::queue &queue,

transpose trans,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T, 1> &ab,
std::int64_t lda,
std::int64_t ldb,
std::int64_t stride,
std::int64_t batch_size);

}

InputParameters

queue The queuewhere the routine should be executed.

trans Specifies op(AB), the transposition operation applied to thematrices AB.

m Number of rows for eachmatrix AB on input. Must be at least 0.

n Number of columns for eachmatrix AB on input. Must be at least 0.

alpha Scaling factor for thematrix transpose or copy operation.

ab Buffer holding thematrices AB. Must have size at least stride*batch_size.
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lda Leading dimension of the ABmatrices on input. If matrices are stored using columnmajor layout, ldamust
be at least m. If matrices are stored using rowmajor layout, ldamust be at least n. Must be positive.

ldb Leading dimension of thematrices AB on output. Must be positive.

trans = transpose::
nontrans

trans = transpose::trans or trans = transpose:
:conjtrans

Column
major

Must be at least m Must be at least n

Rowmajor Must be at least n Must be at least m

stride Stride between the different ABmatrices. It must be at least max(ldb,lda)*max(ka, kb), where:

• ka is m if columnmajor layout is used or n if rowmajor layout is used

• kb is n if columnmajor layout is used and AB is not transposed, or m otherwise

batch_size Specifies the number of matrices to transpose or copy. Must be at least zero.

OutputParameters

ab Output buffer, overwritten by batch_sizematrix multiply operations of the form alpha*op(AB).

imatcopy_batch (USMVersion)

USMversion of imatcopy_batch supports groupAPI and stridedAPI.

GroupAPI

The operation for the groupAPI is defined as:

idx = 0
for i = 0 … group_count – 1

m,n, alpha, lda, ldb and group_size at position i in their respective arrays
for j = 0 … group_size – 1

AB is a matrix at position idx in AB
AB = alpha * op(AB)
idx := idx + 1

end for
end for

where:

• op(X) is one of op(X) = X, op(X) = X', or op(X) = conjg(X')

• alpha is a scalar
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• AB is amatrix to be transformed in place

For the group API, the matrices are given by arrays of pointers. AB represents a matrix stored at the address
pointed to by ab. The total number of entries in ab is given by:

total_batch_count =
group_count−1∑

i=0

group_size[i]

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event imatcopy_batch(sycl::queue &queue,

const transpose *trans,
const std::int64_t *m,
const std::int64_t *n,
const T *alpha, T **ab,
const std::int64_t *lda,
const std::int64_t *ldb,
std::int64_t group_count,
const std::int64_t *groupsize,
const std::vector<sycl::event> &dependencies = {});

}

namespace oneapi::mkl::blas::row_major {
sycl::event imatcopy_batch(sycl::queue &queue,

const transpose *trans,
const std::int64_t *m,
const std::int64_t *n,
const T *alpha, T **ab,
const std::int64_t *lda,
const std::int64_t *ldb,
std::int64_t group_count,
const std::int64_t *groupsize,
const std::vector<sycl::event> &dependencies = {});

}

InputParameters

queue The queuewhere the routine should be executed.

trans Array of size group_count. Each element i in the array specifies op(AB) the transposition operation ap-
plied to thematrices AB.

m Array of group_count integers. m[i] specifies the number of rows in AB[i] on input. Each entry must be at
least zero.

n Array of group_count integers. n[i] specifies the number of columns in AB[i]on input. Each entrymust be
at least zero.
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alpha Array of size group_count containing scaling factors for thematrix transpositions or copies.

ab Array of size total_batch_count, holding pointers to arrays used to store ABmatrices.

lda Array of group_count integers. lda[i] specifies the leading dimension of the matrix input AB. If matrices
are storedusing columnmajor layout, lda[i]must be at least m[i]. If matrices are storedusing rowmajor
layout, lda[i]must be at least n[i]. Must be positive.

ldb Array of group_count integers. ldb[i] specifcies the leading dimension of thematrix AB on output. Each
ldb[i]must be positive and satisfy:

trans[i] = transpose::
nontrans

trans[i] = transpose::trans or trans[i] =
transpose::conjtrans

Column
major

Must be at least m[i] Must be at least n[i]

Row ma-
jor

Must be at least n[i] Must be at least m[i]

group_count Number of groups. Must be at least 0.

group_size Array of size group_count. The element group_size[i] is the number ofmatrices in the group i.
Each element in group_sizemust be at least 0.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

ab Output array of pointers to ABmatrices, overwritten by total_batch_countmatrix transpose or copy oper-
ations of the form alpha*op(AB).

ReturnValues

Output event to wait on to ensure computation is complete.

StridedAPI

The operation for the stridedAPI is defined as:

for i = 0 … batch_size – 1
AB is a matrix at offset i * stride in ab
AB = alpha * op(AB)

end for

where:
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• op(X) is one of op(X) = X, op(X) = X', or op(X) = conjg(X')

• alpha is a scalar

• AB is amatrix to be transformed in place

For the strided API, the single array ab contains all the matrices AB to be transformed in place. The locations of
the individual matrices within the array are given by stride lengths, while the number of matrices is given by the
batch_size parameter.

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event imatcopy_batch(sycl::queue &queue,

transpose trans,
std::int64_t m,
std::int64_t n,
T alpha,
T *ab,
std::int64_t lda,
std::int64_t ldb,
std::int64_t stride,
std::int64_t batch_size,
const std::vector<sycl::event> &dependencies = {});

}

namespace oneapi::mkl::blas::column_major {
sycl::event imatcopy_batch(sycl::queue &queue,

transpose trans,
std::int64_t m,
std::int64_t n,
T alpha,
T *ab,
std::int64_t lda,
std::int64_t ldb,
std::int64_t stride,
std::int64_t batch_size,
const std::vector<sycl::event> &dependencies = {});

}

InputParameters

queue The queuewhere the routine should be executed.

trans Specifies op(AB), the transposition operation applied to thematrices AB.

m Number of rows for eachmatrix AB on input. Must be at least 0.

n Number of columns for eachmatrix AB on input. Must be at least 0.

alpha Scaling factor for thematrix transpose or copy operation.
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ab Array holding thematrices AB. Must have size at least stride*batch_size.

lda Leading dimension of the ABmatrices on input. If matrices are stored using columnmajor layout, ldamust
be at least m. If matrices are stored using rowmajor layout, ldamust be at least n. Must be positive.

ldb Leading dimension of thematrices AB on output. Must be positive.

trans = transpose::
nontrans

trans = transpose::trans or trans = transpose:
:conjtrans

Column
major

Must be at least m Must be at least n

Rowmajor Must be at least n Must be at least m

stride Stride between the different ABmatrices. It must be at least max(ldb,lda)*max(ka, kb), where:

• ka is m if columnmajor layout is used or n if rowmajor layout is used

• kb is n if columnmajor layout is used and AB is not transposed, or m otherwise

batch_size Specifies the number of matrices to transpose or copy. Must be at least zero.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

ab Output array, overwritten by batch_sizematrix multiply operations of the form alpha*op(AB).

ReturnValues

Output event to wait on to ensure computation is complete.

9.4.16 omatadd_batch

Computes a group of out-of-place scaledmatrix additions using general matrices.

Description

The omatadd_batch routines perform a series of out-of-place scaled matrix additions. They are similar to the
omatadd routines, but the omatadd_batch routines performmatrix operations with a group ofmatrices.

omatadd_batch supports the following precisions:

T
float
double
std::complex<float>
std::complex<double>
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omatadd_batch (BufferVersion)

StridedAPI

Thematrices are always in a strided format for omatadd_batch. The operation is defined as:

for i = 0 … batch_size – 1
A is a matrix at offset i * stride_a in a
B is a matrix at offset i * stride_b in b
C is a matrix at offset i * stride_c in c
C = alpha * op(A) + beta * op(B)

end for

where:

• op(X) is one of op(X) = X, op(X) = X', or op(X) = conjg(X')

• alpha and beta are scalars

• A, B and C arematrices

The input buffers a and b contain all the input matrices, and the single output buffer c contains all the output
matrices. The locations of the individual matriceswithin the buffer or array are given by stride lengths, while the
number of matrices is given by the batch_size parameter.

In general, the a, b, and c buffers must not overlap in memory, with the exception of the following in-place oper-
ations:

• a and cmay point to the same memory if op(A) is non-transpose and all the Amatrices within a have the
same parameters as all the respective Cmatrices within c;

• b and cmay point to the same memory if op(B) is non-transpose and all the Bmatrices within b have the
same parameters as all the respective Cmatrices within c.

Syntax

namespace oneapi::mkl::blas::column_major {
void omatadd_batch(sycl::queue &queue,

transpose transa,
transpose transb,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T, 1> &a,
std::int64_t lda,
std::int64_t stride_a,
T beta,
sycl::buffer<T, 1> &b,
std::int64_t ldb,
std::int64_t stride_b,

(continues on next page)
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sycl::buffer<T, 1> &c,
std::int64_t ldc,
std::int64_t stride_c,
std::int64_t batch_size);

}

namespace oneapi::mkl::blas::row_major {
void omatadd_batch(sycl::queue &queue,

transpose transa,
transpose transb,
std::int64_t m,
std::int64_t n,
T alpha,
sycl::buffer<T, 1> &a,
std::int64_t lda,
std::int64_t stride_a,
T beta,
sycl::buffer<T, 1> &b,
std::int64_t ldb,
std::int64_t stride_b,
sycl::buffer<T, 1> &c,
std::int64_t ldc,
std::int64_t stride_c,
std::int64_t batch_size);

}

InputParameters

queue The queuewhere the routine should be executed.

transa Specifies op(A), the transposition operation applied to thematrices A.

transb Specifies op(B), the transposition operation applied to thematrices B.

m Number of rows for the result matrix C. Must be at least zero.

n Number of columns for the result matrix C. Must be at least zero.

alpha Scaling factor for thematrices A.

a Buffer holding the inputmatrices A. Must have size at least stride_a*batch_size.

lda Leading dimension of the Amatrices. Must be positive and satisfy:

transa = transpose::
nontrans

transa = transpose::trans or transa =
transpose::conjtrans

Column
major

Must be at least m Must be at least n

Rowmajor Must be at least n Must be at least m
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stride_a Stride between the different Amatrices in the buffer a. Must be positive and satisfy:

transa = transpose::
nontrans

transa = transpose::trans or transa =
transpose::conjtrans

Column
major

Must be at least lda*n Must be at least lda*m

Rowmajor Must be at least lda*m Must be at least lda*n

beta Scaling factor for thematrices B.

b Buffer holding the inputmatrices B. Must have size at least stride_b*batch_size.

ldb Leading dimension of the Bmatrices. Must be positive and satisfy:

transb = transpose::
nontrans

transb = transpose::trans or transb =
transpose::conjtrans

Column
major

Must be at least m Must be at least n

Rowmajor Must be at least n Must be at least m

stride_b Stride between the different Bmatrices in the buffer b. Must be positive and satisfy:

transb = transpose::
nontrans

transb = transpose::trans or transb =
transpose::conjtrans

Column
major

Must be at least ldb*n Must be at least ldb*m

Rowmajor Must be at least ldb*m Must be at least ldb*n

ldc Leading dimension of the Cmatrices. If matrices are stored using columnmajor layout, ldcmust be at least
m. If matrices are stored using rowmajor layout, ldcmust be at least n. Must be positive.

stride_c Stride between the different Cmatrices. If matrices are stored using column major layout, stride_c
must be at least ldc*n. If matrices are stored using rowmajor layout, stride_cmust be at least ldc*m.

batch_size Specifies the number of input and outputmatrices to add. Must be at least zero.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

c Output buffer, overwritten by batch_size matrix addition operations of the form alpha*op(A) +
beta*op(B). Must have size at least stride_c*batch_size.
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omatadd_batch (USMVersion)

StridedAPI

Thematrices are always in a strided format for omatadd. The operation is defined as:

for i = 0 … batch_size – 1
A is a matrix at offset i * stride_a in a
B is a matrix at offset i * stride_b in b
C is a matrix at offset i * stride_c in c
C = alpha * op(A) + beta * op(B)

end for

where:

• op(X) is one of op(X) = X, op(X) = X', or op(X) = conjg(X')

• alpha and beta are scalars

• A, B and C arematrices

The input buffers a and b contain all the input matrices, and the single output buffer c contains all the output
matrices. The locations of the individual matriceswithin the buffer or array are given by stride lengths, while the
number of matrices is given by the batch_size parameter.

In general, the a, b, and c buffers must not overlap in memory, with the exception of the following in-place oper-
ations:

• a and cmay point to the same memory if op(A) is non-transpose and all the Amatrices within a have the
same parameters as all the respective Cmatrices within c;

• b and cmay point to the same memory if op(B) is non-transpose and all the Bmatrices within b have the
same parameters as all the respective Cmatrices within c.

Syntax

namespace oneapi::mkl::blas::column_major {
sycl::event omatadd_batch(sycl::queue &queue,

transpose transa,
transpose transb,
std::int64_t m,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
std::int64_t stride_a,
T beta,
const T *b,
std::int64_t ldb,
std::int64_t stride_b,

(continues on next page)
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T *c,
std::int64_t ldc,
std::int64_t stride_c,
std::int64_t batch_size,
const std::vector<sycl::event> &dependencies = {});

}

namespace oneapi::mkl::blas::row_major {
sycl::event omatadd_batch(sycl::queue &queue,

transpose transa,
transpose transb,
std::int64_t m,
std::int64_t n,
T alpha,
const T *a,
std::int64_t lda,
std::int64_t stride_a,
T beta,
const T *b,
std::int64_t ldb,
std::int64_t stride_b,
T *c,
std::int64_t ldc,
std::int64_t stride_c,
std::int64_t batch_size,
const std::vector<sycl::event> &dependencies = {});

}

InputParameters

queue The queuewhere the routine should be executed.

transa Specifies op(A), the transposition operation applied to thematrices A.

transb Specifies op(B), the transposition operation applied to thematrices B.

m Number of rows for the result matrix C. Must be at least zero.

n Number of columns for the result matrix C. Must be at least zero.

alpha Scaling factor for thematrices A.

a Array holding the inputmatrices A. Must have size at least stride_a*batch_size.

lda Leading dimension of the Amatrices. Must be positive and satisfy:

transa = transpose::
nontrans

transa = transpose::trans or transa =
transpose::conjtrans

Column
major

Must be at least m Must be at least n

Rowmajor Must be at least n Must be at least m
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stride_a Stride between the different Amatrices in the array a. Must be positive and satisfy:

transa = transpose::
nontrans

transa = transpose::trans or transa =
transpose::conjtrans

Column
major

Must be at least lda*n Must be at least lda*m

Rowmajor Must be at least lda*m Must be at least lda*n

beta Scaling factor for thematrices B.

b Array holding the inputmatrices B. Must have size at least stride_b*batch_size.

ldb Leading dimension of the Bmatrices. Must be positive and satisfy:

transb = transpose::
nontrans

transb = transpose::trans or transb =
transpose::conjtrans

Column
major

Must be at least m Must be at least n

Rowmajor Must be at least n Must be at least m

stride_b Stride between the different Bmatrices in the array b. Must be positive and satisfy:

transb = transpose::
nontrans

transb = transpose::trans or transb =
transpose::conjtrans

Column
major

Must be at least ldb*n Must be at least ldb*m

Rowmajor Must be at least ldb*m Must be at least ldb*n

ldc Leading dimension of the Cmatrices. If matrices are stored using columnmajor layout, ldcmust be at least
m. If matrices are stored using rowmajor layout, ldcmust be at least n. Must be positive.

stride_c Stride between the different Cmatrices. If matrices are stored using column major layout, stride_c
must be at least ldc*n. If matrices are stored using rowmajor layout, stride_cmust be at least ldc*m.

batch_size Specifies the number of input and outputmatrices to add. Must be at least zero.

dependencies List of events towait for before startingcomputation, if any. If omitted, defaults tonodependen-
cies.

OutputParameters

c Output array, overwritten by batch_size matrix addition operations of the form alpha*op(A) +
beta*op(B). Must have size at least stride_c*batch_size.
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ReturnValues

Output event to wait on to ensure computation is complete.

9.5 ComputeModes

BLAS level-3 routines and extensions support alternate computemodes, which can provide increased perfor-
mance in exchange for different numerical properties or reduced accuracy.

A list of oneormoreallowedmodescanbespecifiedeither at compile time, onaper-call or per-source-filebasis,
or at runtime, using the MKL_BLAS_COMPUTE_MODE environment variable. oneMKL will automatically select an
appropriate implementation from this list, taking into account routine parameters and hardware characteristics.
Incasenoneof theallowedalternatemodesaresupportedby thegiven routineon theselecteddevice, or if none
of the allowed alternate modes are expected to improve performance, oneMKL will automatically fall back to a
standard implementation.

Note: Whether a particularmodeprovides additional performancewill dependon anumber of fac-
tors, including routine type, matrix sizes, transpose parameters, and hardware configuration. In the
current oneMKL release, alternate implementations are available for gemm, gemmt, syrk, and syr2k
on selected hardware.

By default, oneMKL does not enable any alternate compute modes. The MKL_BLAS_COMPUTE_MODE environ-
ment variable is intended for quickly evaluatingwhether alternate computemodes provide performance bene-
fits and acceptable accuracy for an application. After initial testing, alternatemode settings canbepermanently
applied within the application using the per-call or per-source-file APIs.

When running onGPU, oneMKL’s verbose output indicateswhichmode is used for each call, whether the stan-
dardmode or one of the alternatemodes. SeeCheckingWhichMode IsUsed for more details.

9.5.1 ModeSettings

Available alternatemodesaredescribed in the tablebelow. Multiplemodescanbecombined, allowingoneMKL
to choose any of the allowedmodes that is expected to provide best performance.

For per-call or per-source-file mode, alternate compute modes are selected by OR’ing together one or more
oneapi::mkl::blas::compute_mode values from the following table, e.g.:

using oneapi::mkl::blas;
auto mode_settings = compute_mode::float_to_bf16x2 | compute_mode::float_to_tf32; /* allow␣
↪→either of these two modes */

When making global changes with the MKL_BLAS_COMPUTE_MODE environment variable, multiple modes are
combinedwith commas:

set MKL_BLAS_COMPUTE_MODE=FLOAT_TO_BF16X2,FLOAT_TO_TF32
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compute_mode enum value Environment variable setting Description
compute_mode::float_to_-
bf16

FLOAT_TO_BF16

Convert single-precision inputs
to bfloat16 format internally;
output is accumulated in single
precision.

Accuracywill be reduced, with
possiblymuch higher
performance.

compute_mode::float_to_-
bf16x2

FLOAT_TO_BF16X2

Convert each single-precision
input value to a sumof two
bfloat16 values internally; output
is accumulated in single
precision.

Expected accuracy is between
that of standard single precision
arithmetic and bfloat16
arithmetic.

Note: infinite inputsmay
produce unexpectedNaNs in
the output.

compute_mode::float_to_-
bf16x3

FLOAT_TO_BF16X3

Convert each single-precision
input value to a sumof three
bfloat16 values internally; output
is accumulated in single
precision.

Expected accuracy is
comparable to standard single
precision arithmetic inmost
cases.

Note: infinite inputsmay
produce unexpectedNaNs in
the output.

compute_mode::float_to_-
tf32

FLOAT_TO_TF32

Convert each single-precision
input value to tf32 format
internally; output is accumulated
in single precision.

Expected accuracy is between
float_to_bf16 and
float_to_bf16x2.

compute_mode::complex_3m COMPLEX_3M

Reduce the four real
multiplications in a standard
complexmultiplication to three
real multiplications.

Expected accuracy is
comparable to standard
arithmetic inmost cases.

compute_mode::any ANY Allow any alternate compute
mode.

compute_mode::standard STANDARD Do not allow any alternate com-
putemodes.

compute_mode::prefer_-
alternate

PREFER_ALTERNATE

Used in conjunction with one or
more alternatemodes.

Prefer an alternate compute
mode over the standard
implementation whenever
available, even if performance
may be reduced.

compute_mode::force_-
alternate

FORCE_ALTERNATE

Used in conjunction with one or
more alternatemodes.

Never use the standard
implementation; if no allowed
alternate implementation is
available, an exception will be
thrown.
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9.5.2 Per-CallModeSettings

BLAS level-3 routines and extensions support an optional oneapi::mkl::blas::compute_mode argument to
specify a desired mode setting, at the end of the parameter list. For USM APIs, the compute_mode argument
goes before the list of input dependencies, if any; either argumentmay be omitted. For example:

using oneapi::mkl::blas;

sycl::buffer<float, 1> a_buffer, c_buffer;
float *a_ptr, *c_ptr;
/* ... */

// Buffer API
syrk(my_queue, n, k, uplo, trans, alpha, a_buffer, lda, beta, c_buffer, ldc, compute_mode::
↪→float_to_bf16);

// Buffer API, forcing float_to_bf16 mode
syrk(my_queue, n, k, uplo, trans, alpha, a_buffer, lda, beta, c_buffer, ldc, compute_mode::
↪→float_to_bf16 | compute_mode::force_alternate);

// USM API, without dependencies
syrk(my_queue, n, k, uplo, trans, alpha, a_ptr, lda, beta, c_ptr, ldc, compute_mode::float_to_
↪→bf16);

// USM API, with dependencies
syrk(my_queue, n, k, uplo, trans, alpha, a_ptr, lda, beta, c_ptr, ldc, compute_mode::float_to_
↪→bf16, {event1, event2});

// USM API, dependencies but no special compute_mode settings
syrk(my_queue, n, k, uplo, trans, alpha, a_ptr, lda, beta, c_ptr, ldc, {event1, event2});

9.5.3 Per-Source-FileModeSettings

You can provide default mode settings for all calls within a source file by defining the MKL_BLAS_COMPUTE_MODE
macro before including any oneMKL header files. This macro must be set to an expression of type oneapi::
mkl::blas::compute_mode.

#define MKL_BLAS_COMPUTE_MODE oneapi::mkl::blas::compute_mode::complex_3m
#include <oneapi/mkl.hpp>

void my_function() {
/* ... */

// 3M mode will be allowed by default:
gemm(my_queue, m, n, k, trans_a, trans_b, alpha, a, lda, b, ldb, beta, c, ldc);

}

compute_mode parameters passed to a oneMKL routine take precedence over the default setting:

#define MKL_BLAS_COMPUTE_MODE oneapi::mkl::blas::compute_mode::complex_3m
#include <oneapi/mkl.hpp>

(continues on next page)
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void my_function() {
/* ... */

// Provided compute_mode overrides the default 3M mode.
gemm(my_queue, m, n, k, trans_a, trans_b, alpha, a, lda, b, ldb, beta, c, ldc, compute_mode:

↪→:standard);
}

9.5.4 RuntimeModeSettings

The MKL_BLAS_COMPUTE_MODE environment variable allows you to set default application-wide alternate com-
pute mode settings, as a quick method for evaluating alternate compute modes at runtime. For example, with
bash or a similar shell:

// my_application.cpp
#include <oneapi/mkl.hpp>

int main() {
/* ... */

// Call to gemm without a compute_mode argument:
oneapi::mkl::blas::gemm(my_queue, /* ... */);

}

export MKL_BLAS_COMPUTE_MODE=FLOAT_TO_BF16X3
my_application # gemm may use bf16x3 arithmetic.

Anyper-call or per-source-filemode settings takeprecedenceover theMKL_BLAS_COMPUTE_MODEenvironment
variable. One result of this is that compiling an application with -DMKL_BLAS_COMPUTE_MODE=oneapi::mkl::
blas::compute_mode::standard effectively disables the environment variable.

9.5.5 CheckingWhichMode IsUsed

OnGPU,whenoneMKL’s verbosemode is enabled, information on the computemode(s) enabled andused for
each call is provided in the verbose log. For example, in the following call, float_to_bf16 and float_to_tf32
were both enabled, and float_to_bf16was selected (some output omitted for clarity):

MKL_VERBOSE oneapi::mkl::blas::column_major::gemm[float](0x7ffd39046350,...,float_to_bf16|float_
↪→to_tf32) mode:float_to_bf16 host:nan device:nan GPU0

Verbose mode can be enabled by setting the MKL_VERBOSE environment variable to 1, or via the mkl_verbose
API. For more information, see “Using oneMKLVerboseMode” in the Intel(R) oneAPI Math Kernel Library De-
veloper Guide, available in the Intel Software Documentation Library.
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10.0 SparseBLASRoutines

The Intel®oneAPIMathKernel LibraryprovidesaC++withSYCL interface tosomeof theSparseBLASroutines.
ThissectiondescribessuchSparseBLASroutines included in the Intel®oneAPIMathKernelLibrary (oneMKL).

The Sparse BLAS library provides basic operations on sparse matrices and vectors. The fundamental object
that encompasses the sparsematrix and is which is used in the Sparse BLAS library is the sparse::matrix_-
handle_t. See Sparse BLASMatrix Handle Contract between User and Library for a discussion of the way
that library APIs will interact with the handle as well as the usage contract with regards to the matrix handle for
both users and the library. The currently supported sparse matrix formats in the sparse::matrix_handle_t
object can be found inSparse Storage Formats.

The routines that enable these Sparse BLAS operations can be separated into 4 groups:

1. State management routines

2. Analysis routines (also called inspector stage or optimize stage routines)

3. Execution routines

4. Helper routines.

The state management routines include initialization, destruction andAPIs for setting data, formats and prop-
erties in the different sparse objects like the sparse::matrix_handle_t or sparse::matmat_descr_t.

In an analysis routine, the library inspects the matrix properties including size, sparsity pattern and available
parallelismandcancreatenewdatastructuresorcopiesof theuserdatawhichappliesmatrix formator structure
changes to enable a more optimized algorithm for the desired operation. The user data is not changed by any
such analysis or optimizations. The optimizations created in the analysis routines may be reused by multiple
execution routines to improve performance. For a givenmatrix, an analysis routine would typically be called
a single time for each operation whereas the corresponding execution routinesmay be calledmultiple times.

The execution routines are where the actual matrix-matrix, matrix-vector operations take place and may use
the data, optimizations and properties stored in the handle to perform the desired operation.

The helper routines operate on the data in the matrix handle andmay include things like data copy/transpose
into other handles, sorting of data within a handle, or eventually, when supported, changes to the sparsematrix
format within the handle.

State Management Rou-
tines

Data Types Description

sparse::init_matrix_handle N/A Initialize a sparse::matrix_handle_t object
sparse::release_matrix_-
handle

N/A Release a sparse::matrix_handle_t object

sparse::set_csr_data float, double Set internal representation of sparse::matrix_-
handle_t to compressed sparse row (CSR) format
with user providedCSRdata arrays.

continues on next page
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Table 4 – continued from previous page
State Management Rou-
tines

Data Types Description

sparse::set_matrix_prop-
erty

N/A Set special properties of user providedmarix data in
sparse::matrix_handle_t that can provide hints
for optimizations.

sparse::init_matmat_descr N/A Initialize a sparse::matmat_descr_t object. For
usewith sparse::matmat

sparse::set_matmat_data N/A Populate a sparse::matmat_descr_t object
with desired operation description. For use with
sparse::matmat

sparse::get_matmat_data N/A Query the operation description housed in a
sparse::matmat_descr_t object. For use with
sparse::matmat

sparse::release_matmat_-
descr

N/A Release a sparse::matmat_descr_t object. For
usewith sparse::matmat

Analysis Routines Data Types Description
sparse::optimize_gemv N/A Perform internal optimizations for the sparse::gemv

operation.
sparse::optimize_trmv N/A Perform internal optimizations for the sparse::trmv

operation.
sparse::optimize_trsv N/A Perform internal optimizations for the sparse::trsv

operation.

Execution Routines Data Types Description
sparse::gemv float, double General sparsematrix-dense vector product
sparse::gemvdot float, double General sparse matrix-dense vector product with

fused dot product
sparse::symv float, double Symmetric sparsematrix-dense vector product
sparse::trmv float, double Triangular sparsematrix-dense vector product
sparse::trsv float, double Triangular solve of sparse matrix against a dense

vector.
sparse::gemm float, double General sparsematrix-densematrix product
sparse::matmat float, double General sparsematrix-sparsematrix product

Helper Routines Data Types Description
sparse::omatcopy float, double General sparse matrix out-of-place copy/transposi-

tion into a newmatrix handle
sparse::sort_matrix float, double General sparsematrix sort of matrix format inmatrix

handle
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10.1 SparseBLASMatrixHandleContract betweenUser andLibrary

The sparse matrix handle (sparse::matrix_handle_t) takes in data from the User in a call that looks like
sparse::set_csr_data(q, handle, /*user data*/). Unlike most other oneMKL domains, the sparse::matrix_-
handle_t along with user data persists outside of individual calls to the oneMKL library. When the User sub-
sequently makes a call to a oneMKL Sparse BLAS API with that handle, the Library uses that data stored in
the handle internally for the various operations. Because both users and library have access to the data at the
same timewhile thematrix handle exists, theremust be some agreements about what can and cannot be done
by each party. We therefore introduce an implicit contract between the User and the Library that describes
each party’s roles and responsibilities with respect to the Sparse BLASSYCLAPIs and the use of the sparse:
:matrix_handle_t.

10.1.1 Descriptionof sparse::matrix_handle_tobject

First, wenote that thesparse::matrix_handle_t represents ageneric sparsematrix objectwith some internal
matrix format or representation. Providing device USM pointers for that matrix data in the sparse::matrix_-
handle_t object binds that handle to that particular sycl::context and sycl::device as well as any other
devices in that sycl::context that are compatible (can read from the particular device peer to peer). It is
the Users’ responsibility to make sure they are using the matrix handle with appropriate queues and devices
within the given context. Using shared and host USMpointers or sycl::buffers for thematrix data binds that
sparse::matrix_handle_t object to the sycl::context and could reasonably be used on any device in the
context.

Second, the sparse::matrix_handle_t can best be described as a “view of User’s matrix data arrays with
an opaque state attached to it”. That is, it is a lightweight view to begin with, but through the use of sparse:
:optimize_*APIs and in some cases, the execute APIs (like sparse::matmat()), the hidden state could grow
with different internal optimizations/structures that can persist through the lifetime of the handle, with the goal
of enabling superior performance for the desired operations.

10.1.2 User andLibrary agreementswith respect to sparse::matrix_handle_tobject

Finally the following agreements describeUser and Library roles with respect to the handle use:

User agreements:

1. The User owns any data that is provided to the sparse::matrix_handle_t and is responsible to
create and dispose of them correctly. That is, the data is created by the User then passed to the
matrix handle using some LibraryAPI like sparse::set_csr_data(). The data can only be disposed
of after all uses of thematrix handle and the release of thematrix handle have finished.

2. The User agrees not to modify the data arrays directly while they are in a sparse::matrix_-
handle_t. Anychanges should happenwhile outsideof amatrix handle orwhenavailable, indirectly
through use of a SparseBLAS libraryAPI that states it will modify thematrix handle data in specified
ways.

Library agreements:

1. The Librarymay create and store it’s own data in the sparse::matrix_handle_t during a Sparse
BLAS API library call. Such data is owned by the Library, that is, the Library is responsible for its
disposal. TheUser cannot access this data, and the library-owned data, associated with a sparse:
:matrix_handle_t, is cleaned up at the respective handle release.
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2. The Library agrees to not modify the user-provided data arrays in the sparse::matrix_handle_t
unless througha libraryAPI that specifically states itmaychange thedata (likesparse::sort_matrix()
or sparse::omatcopy()).

With understanding of these agreements, the User can safely use the oneMKL SYCL Sparse BLAS APIs to
accelerate their workloads and applications and the Library can rely on a consistent and known state of the
user data through the lifetime of the handle.

10.1.3 Exampleof sparse::matrix_handle_tusageworkflow

An example workflow to demonstrate the usagemodel is the following:

// (A) Allocate user memory for sparse matrix such as with SYCL USM device alloc or sycl::buffer
// (B) Do anything with matrix arrays, such as memcpy some data from host
// (C) Create a sparse matrix handle and pass in matrix arrays
// (D) Make some library calls of your choice (for instance with matrix handle)
// (E) Destroy the matrix handle via call to sparse::release_matrix_handle()
// (F) Do anything with user memory - modify, copy, etc
// (G) Create another sparse matrix handle using the same arrays
// (H) Make other library calls of your choice
// (I) Destroy the matrix handle via call to sparse::release_matrix_handle()
// (J) Do whatever you want with user memory

10.2 SparseBLASSupportedData and IntegerTypes

Data Types <fp> Integer Types <intType>
float std::int32_t
double std::int64_t
std::complex<float>
std::complex<double>

10.3 SparseStorageFormats

There are a variety ofmatrix storage formats available for representing a sparsematrix. The Intel® oneAPIMath
Kernel Library (oneMKL) Sparse BLAS library provides support for the following sparsematrix formats:

Sparse Matrix Formats Supported in oneMKL Sparse BLAS
CompressedSparseRow (CSR)
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10.3.1 CompressedSparseRow(CSR)

Oneof themost commonsparse formats is theCSR(sometimescalled3-arrayCSRorCSR3) format that is rep-
resented by scalar sizes (num_rows, num_cols), as well as three data arrays: row_ptr, col_inds and vals, and
the index_base parameter. Some versions of this format also explicitly store the number of non-zero elements
(nnz) but this can be extracted from the row_ptr array as described below in the description of the row_ptr so
wewill not include it here.

CSR
Matrix
Format
Ele-
ments

Description

num_-
rows

Number of rows in the sparsematrix.

num_-
cols

Number of columns in the sparsematrix.

index_-
base

Parameter that is used to specify whether thematrix has zero or one-based indexing.

vals An array that contains the non-zero elements of the sparsematrix stored row by row.
col_-
inds

An integer array of column indices for non-zero elements stored in the vals array, such that
col_inds[i] is the column number (using zero- or one-based indexing) of the element of the
sparsematrix stored in vals[i].

row_-
ptr

An integerarrayof sizeequal tonum_rows + 1. Elementjof this integerarraygives theposition
of theelement in thevalsarray that isfirstnon-zeroelement ina rowjofA.Note that thisposition
isequal torow_ptr[j] - index_base. The lastelementof therow_ptrarray(row_ptr[num_-
rows]) stores the sumof the number of non-zero elements (nnz) and index_base. That is, nnz
= row_ptr[num_rows] - index_base.

ExamplesofCSR format

The following 3 examples show how the sparse CSR format can be used:

• CSRCase 1: sorted squarematrixwith zero-based indexing

• CSRCase 2: sorted rectangularmatrixwith one-based indexing and an empty row

• CSRCase 3: unsorted rectangularmatrixwith zero-based indexing

CSRCase 1: sorted squarematrixwith zero-based indexing

Assuming zero-based indexing and a real squarematrix.

A =

 1.0 0.0 2.0
0.0 −1.0 4.0
3.0 0.0 0.0
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num_rows 3
num_cols 3
index_base 0
row_ptr 0 2 4 5
col_inds 0 2 1 2 0
vals 1.0 2.0 -1.0 4.0 3.0

CSRCase2: sorted rectangularmatrixwith one-based indexing andanempty row

Assuming one-based indexing and real rectangular matrix with an empty row.

A =


1.0 0.0 2.0 0.0 0.0
0.0 −1.0 4.0 0.0 1.0
0.0 0.0 0.0 0.0 0.0
3.0 0.0 0.0 1.0 0.0


num_rows 4
num_cols 5
index_base 1
row_ptr 1 3 6 6 8
col_inds 1 3 2 3 5 1 4
vals 1.0 2.0 -1.0 4.0 1.0 3.0 1.0

CSRCase3: unsorted rectangularmatrixwith zero-based indexing

Unsorted CSR example: Assuming zero-based indexing and a real rectangular matrix, we note that the CSR
format doesnot require column indices tobe sortedwithin agiven row, butvals andcol_inds arrays shouldbe
consistent with each other. Having the sorted property is not necessary, but can lead to better performance in
actual runs due to better algorithms and data locality being enabled. See sparse::set_matrix_property() and
sparse::sort_matrix for more details on how one could set the sorted property when it is applicable or reorder
thematrix to achieve it when desired.

A =


1.0 0.0 2.0 0.0 0.0
0.0 −1.0 4.0 0.0 1.0
1.0 2.0 3.0 4.0 0.0
3.0 0.0 0.0 1.0 0.0


num_rows 4
num_cols 5
index_base 0
row_ptr 0 2 5 8 10
col_inds 0 2 4 1 2 1 2 0 3 0
vals 1.0 2.0 1.0 -1.0 4.0 2.0 3.0 1.0 1.0 3.0
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10.4 oneapi::mkl::sparse::init_matrix_handle

Initializes a oneapi::mkl::sparse::matrix_handle_t object to default values.

• Description

• API

10.4.1 Description

The oneapi::mkl::sparse::init_matrix_handle function initializes the oneapi::mkl::sparse::
matrix_handle_t object with default values, otherwise it throws an exception.

Note: Refer toErrorHandling for a detailed description of the exceptions thrown.

10.4.2 API

Syntax

namespace oneapi::mkl::sparse {
void init_matrix_handle (

oneapi::mkl::sparse::matrix_handle_t *handle)
}

IncludeFiles

• oneapi/mkl/spblas.hpp

10.5 oneapi::mkl::sparse::release_matrix_handle

Releases internal data and sets oneapi::mkl::sparse::matrix_handle_t object to NULL.

• Description

• API

10.5.1 Description

The oneapi::mkl::sparse::release_matrix_handle routine releases (also waits for the dependencies to
befinishedwhenprovided) any internal data that theoneapi::mkl::sparse::matrix_handle_tobject holds
and sets it with default values, otherwise throws an exception.

Note: Refer toErrorHandling for a detailed description of the possible exceptions thrown.
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10.5.2 API

Syntax

namespace oneapi::mkl::sparse {

void release_matrix_handle (
sycl::queue & queue,
oneapi::mkl::sparse::matrix_handle_t *handle,
const std::vector<sycl::event> &dependencies = {});

// deprecated in 2023.0
void release_matrix_handle (

oneapi::mkl::sparse::matrix_handle_t *handle,
const std::vector<sycl::event> &dependencies ={});

}

IncludeFiles

• oneapi/mkl/spblas.hpp

InputParameters

queue Specifies the SYCL command queuewhichwill be used for SYCL kernels execution.

handle Handle to object containing sparse matrix and other internal data. Initialized with oneapi::mkl:
:sparse::init_matrix_handle routine and filled with user data using one of the oneapi::mkl::
sparse::set_<sparse_matrix_type>_data routines. The oneapi::mkl::sparse::optimize_xyz
routinesmay have also created additional internally allocated data whichwould be released in this call.

Note: Currently, the only supported case for <sparse_matrix_type> is csr.

dependencies A vector of type std::vector<sycl::event> & containing the list of events that handle de-
pends on before executing the release of thematrix handle.

10.6 oneapi::mkl::sparse::set_csr_data

Takes amatrix handle and the user-providedCompressedSparseRow (CSR)matrix arrays and fills the internal
CSR data structure of thematrix handle.

• Description

• API
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10.6.1 Description

The oneapi::mkl::sparse::set_csr_data routine takes a sparse::matrix_handle_t for a sparse matrix
of dimensions num_rows -by- num_cols represented in theCSR format, and fills the internal state of the matrix
handle with the user provided arrays in CSR format. Please familiarize yourself with the user/library contract
surrounding use of the sparse::matrix_handle_t object.

Note: Refer to Sparse BLASSupported Data and Integer Types for a list of supported <fp> and <intType>
data and integer types and refer toErrorHandling for a detailed description of the possible exceptions thrown.

10.6.2 API

Syntax

Note: Currently, complex types are not supported.

UsingSYCLbuffers:

namespace oneapi::mkl:sparse {
void set_csr_data (

sycl::queue &queue,
oneapi::mkl::sparse::matrix_handle_t handle,
const intType num_rows,
const intType num_cols,
oneapi::mkl::index_base index,
sycl::buffer<intType, 1> &row_ptr,
sycl::buffer<intType, 1> &col_ind,
sycl::buffer<fp, 1> &val);

//deprecated in 2023.0
void set_csr_data (

oneapi::mkl::sparse::matrix_handle_t handle,
const intType num_rows,
const intType num_cols,
oneapi::mkl::index_base index,
sycl::buffer<intType, 1> &row_ptr,
sycl::buffer<intType, 1> &col_ind,
sycl::buffer<fp, 1> &val);

}

UsingUSMpointers:

namespace oneapi::mkl:sparse {

sycl::event set_csr_data (
sycl::queue &queue,
oneapi::mkl::sparse::matrix_handle_t handle,
const intType num_rows,

(continues on next page)
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(continued from previous page)

const intType num_cols,
oneapi::mkl::index_base index,
intType *row_ptr,
intType *col_ind,
fp *val,
std::vector<sycl::event> &dependencies = {} );

// deprecated in 2023.0
void set_csr_data (

oneapi::mkl::sparse::matrix_handle_t handle,
const intType num_rows,
const intType num_cols,
oneapi::mkl::index_base index,
intType *row_ptr,
intType *col_ind,
fp *val);

}

IncludeFiles

• oneapi/mkl/spblas.hpp

InputParameters

queue Specifies the SYCL command queuewhichwill be used for SYCL kernels execution.

handle Handle to object containing sparse matrix and other internal data for subsequent Sparse BLAS oper-
ations.

num_rows Number of rows of the inputmatrix.

num_cols Number of columns of the inputmatrix.

index Indicates how input arrays are indexed.

oneapi::mkl::index_base::zero Zero-based (C-style) indexing: indices start at 0.
oneapi::mkl::index_base::one One-based (Fortran-style) indexing: indices start at 1.

row_ptr SYCLmemory object containing an array of length num_rows+1. Could be aSYCLbuffer or a device-
accessible USMpointer. Refer toSparse Storage Formats for a detailed description of row_ptr.

col_ind SYCL memory object which stores an array containing the column indices in index-based number-
ing. Could be a SYCL buffer or a device-accessible USMpointer. Refer toSparse Storage Formats for a
detailed description of col_ind.

val SYCL memory object which stores an array containing the non-zero elements of the input matrix. Could
be a SYCL buffer or a device-accessible USM pointer. Refer to Sparse Storage Formats for a detailed
description of val.

dependencies USMAPI only. A vector of type std::vector<sycl::event> containing the list of events that
the oneapi::mkl::sparse::set_csr_data routine depends on.
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OutputParameters

handle Handle to object containing sparsematrix andother internal data for subsequentDPC++SparseBLAS
operations.

sycl::event USMAPI only. A sycl::event that can be used to track the completion of asynchronous events
that were enqueued during theAPI call that continue the chain of events from the input dependencies.

10.7 oneapi::mkl::sparse::set_matrix_property

Sets matrix properties present in the user provided data provided to the sparse::matrix_handle_t that can
serve as optimization hints for library algorithms. Properties are not verified by the library but accepted as truth
from the user who specified them.

• Description

• API

• Examples

10.7.1 Description

The oneapi::mkl::sparse::set_matrix_property routine allows the user to set some properties of the
user-provided matrix data in the sparse::matrix_handle_t object that can act as hints for the internal algo-
rithms in subsequent library calls.

The oneapi::mkl::sparse::property enum class is defined in the oneapi/mkl/spblas.hpp header file

namespace oneapi::mkl::sparse {
enum class property : char {

symmetric,
sorted

};
}

where symmetric refers to the matrix being symmetric and the full pattern is present in the data arrays. The
sorted property indicates that thematrix data is sorted inwhatevermanner is natural to the particularmatrix for-
mat. See sparse::sort_matrix formoredetails on sorting. The librarywill not verify that theseproperties are true,
but will take them as truth from the user. Setting themmay affect performance as certain internal optimizations
may not need to be done if they are present. The properties may also be set internally by the library when it is
applicable (for instance after a call to sparse::sort_matrix.

A common usagemodel for settingmatrix properites is the following:

using namespace oneapi::mkl;
sparse::matrix_handle_t handle = nullptr;

sparse::init_matrix_handle(&handle);

(continues on next page)
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(continued from previous page)

sparse::set_csr_data(main_queue, handle, nrows, nrows,
index_base::zero, ia_buffer, ja_buffer, a_buffer);

// The csr ia/ja/a arrays are of a full square symmetric matrix that is sorted
// with increasing columns in each row, so we can set both symmetric and
// sorted property
sparse::set_matrix_property(handle, sparse::property::symmetric);
sparse::set_matrix_property(handle, sparse::property::sorted);

sparse::optimize_trsv(main_queue, uplo::lower, transpose::nontrans,
diag::nonunit, handle);

sparse::optimize_trsv(main_queue, uplo::upper, transpose::nontrans,
diag::nonunit, handle);

sparse::optimize_gemv(main_queue, transpose::nontrans, handle);

// implement some algorithm using trsv/gemv operations (like a preconditioned
// conjugate gradient algorithm with symmetric Gauss-Seidel preconditioner)

sparse::release_matrix_handle(handle);

10.7.2 API

Syntax

namespace oneapi::mkl::sparse {
void set_matrix_property(oneapi::mkl::sparse::matrix_handle_t handle,

oneapi::mkl::sparse::property property_value);
}

IncludeFiles

• oneapi/mkl/spblas.hpp

InputParameters

handle Handle to object containing sparse matrix and other internal data where property will be set. Created
using one of the oneapi::mkl::sparse::set_<sparse_matrix_type>_data routines.

property_value Sparsematrix property being set as in the sparsematrix handle object.

sparse::property::
symmetric

data inmatrix handle represents a symmetricmatrix and has the full pat-
tern and values provided

sparse::property::
sorted

data inmatrix handle is sortedaccording tonatural state for thegiven for-
mat
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10.7.3 Examples

An example of how to use oneapi::mkl::sparse::set_matrix_property can be found in the oneMKL in-
stallation directory, under:

examples/dpcpp/sparse_blas/source/sparse_cg.cpp

10.8 oneapi::mkl::sparse::optimize_gemv

Performs internal optimizations for oneapi::mkl::sparse::gemv by analyzing thematrix structure.

• Description

• API

10.8.1 Description

Note: Refer toErrorHandling for a detailed description of the possible exceptions thrown.

The oneapi::mkl::sparse::optimize_gemv routine analyzes matrix structure and performs optimizations.
Optimized data is then stored in thematrix handle.

10.8.2 API

Syntax

Note: Currently, complex types are not supported.

UsingUSMandSYCLbuffers:

namespace oneapi::mkl::sparse {
sycl::event optimize_gemv (

sycl::queue &queue,
oneapi::mkl::transpose transpose_flag,
oneapi::mkl::sparse::matrix_handle_t handle,
const std::vector<sycl::event> &dependencies = {});

}
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IncludeFiles

• oneapi/mkl/spblas.hpp

InputParameters

queue Specifies the SYCL command queuewhichwill be used for SYCL kernels execution.

transpose_flag Specifies operation op() on inputmatrix.

oneapi::mkl::transpose::nontrans Non-transpose, op(A) = A.
oneapi::mkl::transpose::trans Transpose, op(A) = AT.
oneapi::mkl::transpose::conjtrans Conjugate transpose, op(A) = AH.

Note: Currently, the only supported case for operation is oneapi::mkl::transpose::nontrans.

handle Handle to object containing sparsematrix and other internal data. Created using one of the oneapi::
mkl::sparse::set_<sparse_matrix_type>_data routines.

Note: Currently, the only supportedmatrix format for <sparse_matrix_type> is the csr format.

dependencies Avector of type std::vector<sycl::event> & containing the list of events that the oneapi:
:mkl::sparse::optimize_gemv routine depends on.

ReturnValues

sycl::event SYCL event which can be waited upon or added as a dependency for the completion of the
optimize_gemv routine.

sycl::event ev_opt = sparse::optimize_gemv(queue, trans_val, handle); //␣
↪→Allowed use in case of USM
sycl::event ev_opt = sparse::optimize_gemv(queue, trans_val, handle, {}); //␣
↪→Allowed use in case of USM
sycl::event ev_opt = sparse::optimize_gemv(queue, trans_val, handle, dependencies); //␣
↪→Allowed use in case of USM
sparse::optimize_gemv(queue, trans_val, handle); // OK -
↪→- Recommended use in case of sycl::buffer
static_cast<void>(sparse::optimize_gemv(queue, trans_val, handle)); // OK -
↪→- Recommended use in case of sycl::buffer - explicitly say we aren't using the event
sparse::optimize_gemv(queue, trans_val, handle, {}); // Not␣
↪→recommended in case of sycl::buffer, but supported;
sparse::optimize_gemv(queue, trans_val, handle, dependencies); // Not␣
↪→recommended in case of sycl::buffer, but supported;
sycl::event ev_opt = sparse::optimize_gemv(queue, trans_val, handle); //␣
↪→Allowed use in case of sycl::buffer, but most sycl::buffer oneMKL APIs do not have␣
↪→ability to pass in dependencies
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10.9 oneapi::mkl::sparse::optimize_trmv

Performs internal optimizations for oneapi::mkl::sparse::trmv by analyzing thematrix structure.

• Description

• API

10.9.1 Description

The oneapi::mkl::sparse::optimize_trmv routine analyzes matrix structure and performs optimizations.
Optimized data is then stored in thematrix handle.

Note: Refer toErrorHandling for a detailed description of the possible exceptions thrown.

10.9.2 API

Syntax

Note: Currently, complex types are not supported.

UsingUSMandSYCLbuffers:

namespace oneapi::mkl::sparse {
sycl::event optimize_trmv (

sycl::queue &queue,
oneapi::mkl::uplo uplo_flag,
oneapi::mkl::transpose transpose_flag,
oneapi::mkl::diag diag_flag,
oneapi::mkl::sparse::matrix_handle_t handle,
const std::vector<sycl::event> &dependencies = {});

}

IncludeFiles

• oneapi/mkl/spblas.hpp

InputParameters

queue Specifies the SYCL command queuewhichwill be used for SYCL kernels execution.

uplo_flag Specifies which part of thematrix is to be processed.

oneapi::mkl::uplo::lower The lower triangular matrix part is processed.
oneapi::mkl::uplo::upper The upper triangular matrix part is processed.
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transpose_flag Specifies operation op() on inputmatrix.

oneapi::mkl::transpose::nontrans Non-transpose, op(A) = A.
oneapi::mkl::transpose::trans Transpose, op(A) = AT .
oneapi::mkl::transpose::conjtrans Conjugate transpose, op(A) = AH .

Note: Currently, the only supported case for operation is oneapi::mkl::transpose::nontrans.

diag_flag Specifies if the diagonal used for computations is unit or not.

oneapi::mkl::diag::nonunit Diagonal elementsmight not be equal to one.
oneapi::mkl::diag::unit Diagonal elements are equal to one.

Note: Currently, the only supported case for diag_flag is oneapi::mkl::diag::nonunit.

handle Handle to object containing sparsematrix and other internal data. Created using one of the oneapi::
mkl::sparse::set_<sparse_matrix_type>_data routines.

Note: Currently, the only supportedmatrix format for <sparse_matrix_type> is the csr format.

dependencies Avector of type std::vector<sycl::event> & containing the list of events that the oneapi:
:mkl::sparse::optimize_trmv routine depends on.

ReturnValues

sycl::event SYCL event which can be waited upon or added as a dependency for the completion of the
optimize_trmv routine.

sycl::event ev_opt = sparse::optimize_trmv(queue, uplo_val, trans_val, diag_val, handle); ␣
↪→ // Allowed use in case of USM
sycl::event ev_opt = sparse::optimize_trmv(queue, uplo_val, trans_val, diag_val, handle, {}
↪→); // Allowed use in case of USM
sycl::event ev_opt = sparse::optimize_trmv(queue, uplo_val, trans_val, diag_val, handle,␣
↪→dependencies); // Allowed use in case of USM
sparse::optimize_trmv(queue, uplo_val, trans_val, diag_val, handle); ␣
↪→ // OK Recommended use in case of sycl::buffer
static_cast<void>(sparse::optimize_trmv(queue, uplo_val, trans_val, diag_val, handle)); ␣
↪→ // OK Recommended use in case of sycl::buffer (explicitly say we aren't␣
↪→using the event)(will be used in examples)
sparse::optimize_trmv(queue, uplo_val, trans_val, diag_val, handle, {}); ␣
↪→ // Not recommended in case of sycl::buffer, but supported;
sparse::optimize_trmv(queue, uplo_val, trans_val, diag_val, handle, dependencies); ␣
↪→ // Not recommended in case of sycl::buffer, but supported;
sycl::event ev_opt = sparse::optimize_trmv(queue, uplo_val, trans_val, diag_val, handle); ␣
↪→ // Allowed use in case of sycl::buffer, but most sycl::buffer oneMKL APIs␣
↪→do not have ability to pass in dependencies
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10.10 oneapi::mkl::sparse::optimize_trsv

Performs internal optimizations for oneapi::mkl::sparse::trsv by analyzing the provided matrix structure
and operation parameters.

• Description

• API

10.10.1 Description

The oneapi::mkl::sparse::optimize_trsv routine analyzes matrix structure and performs optimizations.
Optimized data is then stored in thematrix handle.

Note: Refer toErrorHandling for a detailed description of the possible exceptions thrown.

10.10.2 API

Syntax

Note: Currently, complex types are not supported.

UsingUSMandSYCLbuffers:

namespace oneapi::mkl::sparse {
sycl::event optimize_trsv (

sycl::queue &queue,
oneapi::mkl::uplo uplo_flag,
oneapi::mkl::transpose transpose_flag,
oneapi::mkl::diag diag_flag,
oneapi::mkl::sparse::matrix_handle_t handle,
const std::vector<sycl::event> &dependencies = {});

}

IncludeFiles

• oneapi/mkl/spblas.hpp

InputParameters

queue Specifies the SYCL command queuewhichwill be used for SYCL kernels execution.

uplo_flag Specifies which part of thematrix is to be processed.

oneapi::mkl::uplo::lower The lower triangular matrix part is processed.
oneapi::mkl::uplo::upper The upper triangular matrix part is processed.
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transpose_flag Specifies operation op() on inputmatrix.

oneapi::mkl::transpose::nontrans Non-transpose, op(A) = A.
oneapi::mkl::transpose::trans Transpose, op(A) = AT.
oneapi::mkl::transpose::conjtrans Conjugate transpose, op(A) = AH.

Note: Currently, the only supported case for operation is oneapi::mkl::transpose::nontrans.

diag_flag Specifies if the diagonal used for computations is unit or not.

oneapi::mkl::diag::nonunit Diagonal elementsmight not be equal to one.
oneapi::mkl::diag::unit Diagonal elements are equal to one.

handle Handle to object containing sparsematrix and other internal data. Created using one of the oneapi::
mkl::sparse::set_<sparse_matrix_type>_data routines.

Note: Currently, the only supportedmatrix format for <sparse_matrix_type> is the csr format.

dependencies A vector of type std::vector<sycl::event> containing the list of events that the oneapi::
mkl::sparse::optimize_trsv routine depends on.

ReturnValues (USMOnly)

sycl::event SYCL event which can be waited upon or added as a dependency for the completion of the
optimize_trsv routine.

sycl::event ev_opt = sparse::optimize_trsv(queue, uplo_val, trans_val, diag_val, handle); ␣
↪→ // Allowed use in case of USM
sycl::event ev_opt = sparse::optimize_trsv(queue, uplo_val, trans_val, diag_val, handle, {}
↪→); // Allowed use in case of USM
sycl::event ev_opt = sparse::optimize_trsv(queue, uplo_val, trans_val, diag_val, handle,␣
↪→dependencies); // Allowed use in case of USM
sparse::optimize_trsv(queue, uplo_val, trans_val, diag_val, handle); ␣
↪→ // OK Recommended use in case of sycl::buffer
static_cast<void>(sparse::optimize_trsv(queue, uplo_val, trans_val, diag_val, handle)); ␣
↪→ // OK Recommended use in case of sycl::buffer (explicitly say we aren't␣
↪→using the event)(will be used in examples)
sparse::optimize_trsv(queue, uplo_val, trans_val, diag_val, handle, {}); ␣
↪→ // Not recommended in case of sycl::buffer, but supported;
sparse::optimize_trsv(queue, uplo_val, trans_val, diag_val, handle, dependencies); ␣
↪→ // Not recommended in case of sycl::buffer, but supported;
sycl::event ev_opt = sparse::optimize_trsv(queue, uplo_val, trans_val, diag_val, handle); ␣
↪→ // Allowed use in case of sycl::buffer, but most sycl::buffer oneMKL APIs␣
↪→do not have ability to pass in dependencies
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10.11 oneapi::mkl::sparse::gemv

Computes a sparsematrix-dense vector product.

• Description

• API

• Examples

10.11.1 Description

Note: Refer to Sparse BLASSupported Data and Integer Types for a list of supported <fp> and <intType>
data and integer types and refer toErrorHandling for a detailed description of the possible exceptions thrown.

The oneapi::mkl::sparse::gemv routine computes a sparsematrix-dense vector product defined as

y ← α · op(A) · x+ β · y

where α and β are scalars, A is a general sparse matrix of dimensions num_rows rows and num_cols columns
and op() is amatrix modifier:

op(A) =


A, oneapi::mkl::transpose::nontrans
AT , oneapi::mkl::transpose::trans
AH , oneapi::mkl::transpose::conjtrans

The dense vectors x and y are appropriately sized based onmatrix product dimensions of op(A).

10.11.2 API

Syntax

Note: Currently, complex types are not supported.

UsingSYCLbuffers:

namespace oneapi::mkl::sparse {
void gemv (

sycl::queue &queue,
oneapi::mkl::transpose transpose_flag,
const fp alpha,
oneapi::mkl::sparse::matrix_handle_t handle,
sycl::buffer<fp, 1> &x,
const fp beta,
sycl::buffer<fp, 1> &y)

}
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UsingUSMpointers:

namespace oneapi::mkl::sparse {
sycl::event gemv (

sycl::queue &queue,
oneapi::mkl::transpose transpose_flag,
const fp alpha,
oneapi::mkl::sparse::matrix_handle_t handle,
const fp *x,
fp beta,
fp *y,
const std::vector<sycl::event> &dependencies= {})

}

IncludeFiles

• oneapi/mkl/spblas.hpp

InputParameters

queue Specifies the SYCL command queuewhichwill be used for SYCL kernels execution.

transpose_flag Specifies operation op() on inputmatrix.

oneapi::mkl::transpose::nontrans Non-transpose, op(A) = A.
oneapi::mkl::transpose::trans Transpose, op(A) = AT .
oneapi::mkl::transpose::conjtrans Conjugate transpose, op(A) = AH .

Note: Currently, the only supported case for operation is oneapi::mkl::transpose::nontrans.

alpha Specifies the scalar,α.

handle Handle to object containing sparsematrix and other internal data. Created using one of the oneapi::
mkl::sparse::set_<sparse_matrix_type>_data routines.

Note: Currently, the only supported case for <sparse_matrix_type> is csr.

x SYCLbufferordevice-accessibleUSMpointerof sizeat leastequal to thenumberofcolumnsof inputmatrix if
transpse_flag = oneapi::mkl::transpose::nontrans and at least the number of rows of inputmatrix
otherwise.

beta Specifies the scalar, β.

y SYCLbuffer or device-accessibleUSMpointer of size at least equal to the number of rows of the inputmatrix
if transpose_flag = oneapi::mkl::transpose::nontrans and at least the number of columns of the
inputmatrix otherwise.

dependencies A vector of type std::vector<sycl::event> containing the list of events that the oneapi::
mkl::sparse::gemv routine depends on.
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OutputParameters

y Overwritten by the updated vector y.

ReturnValues (USMOnly)

sycl::event SYCL event which can be waited upon or added as a dependency for the completion of the gemv
routine.

10.11.3 Examples

An example of how to use oneapi::mkl::sparse::gemvwith SYCL buffers or USM pointers can be found in
the oneMKL installation directory, under:

examples/dpcpp/sparse_blas/source/sparse_gemv.cpp

examples/dpcpp/sparse_blas/source/sparse_gemv_usm.cpp

10.12 oneapi::mkl::sparse::gemvdot

Computes a sparsematrix-dense vector product with dot product.

• Description

• API

• Examples

10.12.1 Description

Note: Refer to Sparse BLASSupported Data and Integer Types for a list of supported <fp> and <intType>
data and integer types and refer toErrorHandling for a detailed description of the possible exceptions thrown.

The oneapi::mkl::sparse::gemvdot routine computes a sparsematrix-dense vector product and dot prod-
uct defined as

y ← α · op(A) · x+ β · y

d← x · y

whereA is a general sparsematrix,α,β, anddare scalars,xand y aredensevectors and op() is amatrixmodifier:

op(A) =


A, oneapi::mkl::transpose::nontrans
AT , oneapi::mkl::transpose::trans
AH , oneapi::mkl::transpose::conjtrans
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10.12.2 API

Syntax

Note: Currently, complex types are not supported.

UsingSYCLbuffers:

namespace oneapi::mkl::sparse {
void gemvdot (

sycl::queue &queue,
oneapi::mkl::transpose transpose_flag,
const fp alpha,
oneapi::mkl::sparse::matrix_handle_t handle,
sycl::buffer<fp, 1> &x,
const fp beta,
sycl::buffer<fp, 1> &y,
sycl::buffer<fp, 1> &d)

}

UsingUSMpointers:

namespace oneapi::mkl::sparse {
sycl::event gemvdot (

sycl::queue &queue,
oneapi::mkl::transpose transpose_flag,
const fp alpha,
oneapi::mkl::sparse::matrix_handle_t handle,
fp *x,
const fp beta,
fp *y,
fp *d,
const std::vector<sycl::event> &dependencies={})

}

IncludeFiles

• oneapi/mkl/spblas.hpp

InputParameters

queue Specifies the SYCL command queuewhichwill be used for SYCL kernels execution.

transpose_flag Specifies operation op() on inputmatrix.

oneapi::mkl::transpose::nontrans Non-transpose, op(A) = A.
oneapi::mkl::transpose::trans Transpose, op(A) = AT .
oneapi::mkl::transpose::conjtrans Conjugate transpose, op(A) = AH .
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Note: Currently, the only supported case for operation is oneapi::mkl::transpose::nontrans.

alpha Specifies the scalar,α.

handle Handle to object containing sparsematrix and other internal data. Created using one of the oneapi::
mkl::sparse::set_<sparse_matrix_type>_data routines.

Note: Currently, the only supported case for <sparse_matrix_type> is csr.

x SYCLbuffer or device-accessibleUSMpointer of size at least equal to the number of columns of inputmatrix
if transpose_flag == oneapi::mkl::transpose::nontrans and at least the number of rows of input
matrix otherwise.

beta Specifies the scalar, β.

y SYCLbuffer or device-accessibleUSMpointer of size at least equal to the number of rows of the inputmatrix
if transpose_flag == oneapi::mkl::transpose::nontrans and at least the number of columns of the
inputmatrix otherwise.

dependencies A vector of type std::vector<sycl::event> containing the list of events that the oneapi::
mkl::sparse::gemvdot routine depends on.

OutputParameters

y Overwritten by the updated vector y.

d Overwritten by the dot product of x and y.

ReturnValues

sycl::event SYCL event which can be waited upon or added as a dependency for the completion of the
gemvdot routine.

10.12.3 Examples

An example of how to use oneapi::mkl::sparse::gemvdot with SYCL buffers can be found in the oneMKL
installation directory, under:

examples/dpcpp/sparse_blas/source/sparse_gemvdot.cpp

10.13 oneapi::mkl::sparse::symv

Computes a sparsematrix-dense vector product for a symmetric matrix built from the lower or upper triangular
of the inputmatrix.
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• Description

• API

• Examples

10.13.1 Description

Note: Refer to Sparse BLASSupported Data and Integer Types for a list of supported <fp> and <intType>
data and integer types and refer toErrorHandling for a detailed description of the possible exceptions thrown.

The oneapi::mkl::sparse::symv routine computes a sparse symmetric matrix-dense vector product for a
real symmetricmatrix built from the lower or upper triangular portion of the inputmatrixA defined as

y ← α · sym(A) · x+ β · y

where α and β are scalars, A is a real-valued square sparse matrix of dimensionm rows and columns, sym()
is a matrix modifier which symmetrizes the matrix according to the oneapi::mkl::uplo value and x and y are
dense vectors.

For a given matrix decomposition into lower, diagonal and upper partsA = L + D + U , the symv routine with
oneapi::mkl::uplo::lower selected will perform the matrix product with sym(A) = L + D + LT and for
oneapi::mkl::uplo::upperwill perform thematrix product using sym(A) = UT +D + U .

10.13.2 API

Syntax

Note: Currently, complex types are not supported.

UsingSYCLbuffers:

namespace oneapi::mkl::sparse {
void symv (

sycl::queue &queue,
oneapi::mkl::uplo uplo_flag,
const fp alpha,
oneapi::mkl::sparse::matrix_handle_t handle,
sycl::buffer<fp, 1> &x,
const fp beta, sycl::buffer<fp, 1> &y)

}

UsingUSMpointers:
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namespace oneapi::mkl::sparse {
sycl::event symv (

sycl::queue &queue,
oneapi::mkl::uplo uplo_flag,
const fp alpha,
oneapi::mkl::sparse::matrix_handle_t handle,
fp *x,
const fp beta,
fp *y,
const std::vector<sycl::event> &dependencies = {})

}

IncludeFiles

• oneapi/mkl/spblas.hpp

InputParameters

queue Specifies the SYCL command queuewhichwill be used for SYCL kernels execution.

uplo_flag Specifies which part is to be processed.

oneapi::mkl::uplo::lower The lower part is used for symmetric product.
oneapi::mkl::uplo::upper The upper part is used for symmetric product.

alpha Specifies the scalar,α.

handle Handle to object containing sparsematrix and other internal data. Created using one of the oneapi::
mkl::sparse::set_<sparse_matrix_type>_data routines.

Note: Currently, the only supported case for <sparse_matrix_type> is csr.

x SYCL buffer or device-accessible USM pointer of size at least equal to the number of columns,m, of input
matrix.

beta Specifies the scalar, β.

y SYCL buffer or device-accessible USM pointer of size at least equal to the number of rows,m, of the input
matrix.

dependencies A vector of type std::vector<sycl::event> containing the list of events that the oneapi::
mkl::sparse::symv routine depends on.
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OutputParameters

y Overwritten by the updated vector y.

ReturnValues (USMOnly)

sycl::event SYCL event which can be waited upon or added as a dependency for the completion of the symv
routine.

10.13.3 Examples

Anexampleof how touseoneapi::mkl::sparse::symvwithSYCLbuffers canbe found in theoneMKL instal-
lation directory, under:

examples/dpcpp/sparse_blas/source/sparse_symv.cpp

10.14 oneapi::mkl::sparse::trmv

Computes a sparsematrix-dense vector product over upper or lower triangular parts of thematrix.

• Description

• API

• Examples

10.14.1 Description

Note: Refer to Sparse BLASSupported Data and Integer Types for a list of supported <fp> and <intType>
data and integer types and refer toErrorHandling for a detailed description of the possible exceptions thrown.

The oneapi::mkl::sparse::trmv routine computes a sparse matrix-dense vector product over a triangular
part defined as

y ← α · op(A) · x+ β · y

where α and β are scalars, A is a sparse triangular matrix of size m rows by m columns and x and y are dense
vectors of size m. The operation op() is amatrix modifier:

op(A) =


A, oneapi::mkl::transpose::nontrans
AT , oneapi::mkl::transpose::trans
AH , oneapi::mkl::transpose::conjtrans

For a given matrix decomposition into lower, diagonal and upper parts A = L + D + U , the triangular matrix
vectorproductwithoneofoneapi::mkl::uplo::loweroroneapi::mkl::uplo::upper selectedwill perform
the appropriatematrix product using respectively op(L+D)or op(D+U) for oneapi::mkl::diag::nonunit
or if using oneapi::mkl::diag::unit, will perform the appropriatematrix product for op(L+ I) or op(I + U)
where I is the identity matrix.
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10.14.2 API

Syntax

Note: Currently, complex types are not supported.

UsingSYCLbuffers:

namespace oneapi::mkl::sparse {
void trmv (

sycl::queue &queue,
oneapi::mkl::uplo uplo_flag,
oneapi::mkl::transpose transpose_flag,
oneapi::mkl::diag diag_flag,
const fp alpha,
oneapi::mkl::sparse::matrix_handle_t handle,
sycl::buffer<fp, 1> &x,
const fp beta, sycl::buffer<fp, 1> &y)

}

UsingUSMpointers:

namespace oneapi::mkl::sparse {
sycl::event trmv(

sycl::queue &queue,
oneapi::mkl::uplo uplo_flag,
oneapi::mkl::transpose transpose_flag,
oneapi::mkl::diag
diag_flag,
const fp alpha,
oneapi::mkl::sparse::matrix_handle_t handle,
fp *x,
const fp beta,
fp *y,
const std::vector<sycl::event> &dependencies = {})

}

IncludeFiles

• oneapi/mkl/spblas.hpp

InputParameters

queue Specifies the SYCL command queuewhichwill be used for SYCL kernels execution.

uplo_flag Specifies which part of thematrix is to be processed.

oneapi::mkl::uplo::lower The lower triangular matrix part is processed.
oneapi::mkl::uplo::upper The upper triangular matrix part is processed.
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transpose_flag Specifies operation op() on inputmatrix.

oneapi::mkl::transpose::nontrans Non-transpose, op(A) = A.
oneapi::mkl::transpose::trans Transpose, op(A) = AT .
oneapi::mkl::transpose::conjtrans Conjugate transpose, op(A) = AH .

Note: Currently, the only supported case for operation is oneapi::mkl::transpose::nontrans.

diag_flag Specifies if the diagonal used for computations is unit or not.

oneapi::mkl::diag::nonunit Diagonal elementsmight not be equal to one.
oneapi::mkl::diag::unit Diagonal elements are equal to one.

Note: Currently, the only supported case for diag_flag is oneapi::mkl::diag::nonunit.

alpha Specifies the scalar,α.

handle Handle to object containing sparsematrix and other internal data. Created using one of the oneapi::
mkl::sparse::set_<sparse_matrix_type>_data routines.

Note: Currently, the only supported case for <sparse_matrix_type> is csr.

x SYCLbufferordevice-accessibleUSMpointerof sizeat leastequal to thenumberofcolumnsof inputmatrix if
transpose_flag=oneapi::mkl::transpose::nontransandat least thenumberof rowsof inputmatrix
otherwise.

beta Specifies the scalar, β.

y SYCLbuffer or device-accessibleUSMpointer of size at least equal to the number of rows of the inputmatrix
if transpose_flag = oneapi::mkl::transpose::nontrans and at least the number of columns of the
inputmatrix otherwise.

dependencies A vector of type std::vector<sycl::event> containing the list of events that the oneapi::
mkl::sparse::trmv routine depends on.

OutputParameters

y Overwritten by the updated vector, y.
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ReturnValues (USMOnly)

sycl::event SYCL event which can be waited upon or added as a dependency for the completion of the trmv
routine.

10.14.3 Examples

Anexampleof how touseoneapi::mkl::sparse::trmvwithSYCLbuffers canbe found in theoneMKL instal-
lation directory, under:

examples/dpcpp/sparse_blas/source/sparse_trmv.cpp

10.15 oneapi::mkl::sparse::trsv

Solves a system of linear equations for a triangular sparsematrix.

• Description

• API

• Examples

10.15.1 Description

Note: Refer to Sparse BLASSupported Data and Integer Types for a list of supported <fp> and <intType>
data and integer types and refer toErrorHandling for a detailed description of the possible exceptions thrown.

The oneapi::mkl::sparse::trsv routine solves the sparse triangular system

op(A) · y = x

whereA is a sparse triangular matrix of sizem rows bym columns and op() is amatrix modifier:

op(A) =


A, oneapi::mkl::transpose::nontrans
AT , oneapi::mkl::transpose::trans
AH , oneapi::mkl::transpose::conjtrans

The dense vectors x and y should be of length at leastm. The vector x is input right hand side data andmath:y
is the resulting output vector.

For a givenmatrix decomposition into lower, diagonal and upper partsA = L+D+U , the triangular solvewith
oneofoneapi::mkl::uplo::loweroroneapi::mkl::uplo::upper selectedwill perform theappropriate for-
wardorbackwardsubstitutionusing respectivelyop(L+D)orop(D+U) foroneapi::mkl::diag::nonunitor
if usingoneapi::mkl::diag::unit, will perform theappropriate forwardorbackwardsubstitution forop(L+I)
or op(I + U)where I is the identity matrix.
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10.15.2 API

Syntax

Note: Currently, complex types are not supported.

UsingSYCLbuffers:

namespace oneapi::mkl::sparse {
void trsv (

sycl::queue &queue,
oneapi::mkl::uplo uplo_flag,
oneapi::mkl::transpose transpose_flag,
oneapi::mkl::diag diag_flag,
oneapi::mkl::sparse::matrix_handle_t handle,
sycl::buffer<fp, 1> &x,
sycl::buffer<fp, 1> &y)

}

UsingUSMpointers:

namespace oneapi::mkl::sparse {
sycl::event trsv(

sycl::queue &queue,
oneapi::mkl::uplo uplo_flag,
oneapi::mkl::transpose transpose_flag,
oneapi::mkl::diag diag_flag,
oneapi::mkl::sparse::matrix_handle_t handle,
fp *x,
fp *y,
const std::vector<sycl::event> &dependencies = {})

}

IncludeFiles

• oneapi/mkl/spblas.hpp

InputParameters

queue Specifies the SYCL command queuewhichwill be used for SYCL kernels execution.

uplo_flag Specifies which part of thematrix is to be processed.

oneapi::mkl::uplo::lower The lower triangular matrix part is processed.
oneapi::mkl::uplo::upper The upper triangular matrix part is processed.

transpose_flag Specifies operation op() on inputmatrix.
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oneapi::mkl::transpose::nontrans Non-transpose, op(A) = A.
oneapi::mkl::transpose::trans Transpose, op(A) = AT .
oneapi::mkl::transpose::conjtrans Conjugate transpose, op(A) = AH .

Note: Currently, the only supported case for operation is oneapi::mkl::transpose::nontrans.

diag_flag Specifies if the diagonal used for computations is unit or based on providedmatrix data.

oneapi::mkl::diag::
nonunit

Diagonal elements are used as provided in the sparsematrix.

oneapi::mkl::diag::
unit

The value of one is substituted for the diagonal elements in the triangu-
lar solve algorithm.

Note: If oneapi::mkl::diag::nonunit is selected, all diagonal values must be present in the sparse
matrix. This is not necessary for the oneapi::mkl::diag::unit case.

handle Handle to object containing sparsematrix and other internal data. Created using one of the oneapi::
mkl::sparse::set_<sparse_matrix_type>_data routines.

Note: Currently, the only supported case for <sparse_matrix_type> is csr.

x SYCLbufferordevice-accessibleUSMpointerof sizeat leastequal to thenumberofcolumnsof inputmatrix if
transpose_flag=oneapi::mkl::transpose::nontransandat least thenumberof rowsof inputmatrix
otherwise. It is the input vector x

dependencies A vector of type std::vector<sycl::event> containing the list of events that the oneapi::
mkl::sparse::trsv routine depends on.

OutputParameters

y SYCLbuffer or device-accessibleUSMpointer of size at least equal to the number of rows of the inputmatrix
if transpose_flag = oneapi::mkl::transpose::nontrans and at least the number of columns of the
inputmatrix otherwise. The solution of the triangular solve is filled into this array.

ReturnValues (USMOnly)

sycl::event SYCL event which can be waited upon or added as a dependency for the completion of the trsv
routine.
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10.15.3 Examples

An example of how to use oneapi::mkl::sparse::trsv with SYCL buffers or USM can be found in the
oneMKL installation directory, under:

examples/dpcpp/sparse_blas/source/sparse_trsv.cpp

examples/dpcpp/sparse_blas/source/sparse_trsv_usm.cpp

10.16 oneapi::mkl::sparse::gemm

Computes a sparsematrix-densematrix product.

• Description

• API

• Examples

10.16.1 Description

Note: Refer to Sparse BLASSupported Data and Integer Types for a list of supported <fp> and <intType>
data and integer types and refer toErrorHandling for a detailed description of the possible exceptions thrown.

The oneapi::mkl::sparse::gemm routine computes a sparsematrix-densematrix product defined as

C ← α · op(A) · op(B) + β · C

where: α and β are scalars, A is a sparse matrix of size num_rows rows by num_cols columns, op() is a matrix
modifier for A and B using the following description:

op(A) =


A, oneapi::mkl::transpose::nontrans
AT , oneapi::mkl::transpose::trans
AH , oneapi::mkl::transpose::conjtrans.

ThedensematrixobjectsBandCarestoredwith row-majororcolumn-major layoutandhaveappropriately sized
number of rows for thematrix product and columns number of columns.

10.16.2 API

Syntax

Note: Currently, complex types are not supported.

UsingSYCLbuffers:
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namespace oneapi::mkl::sparse {
void gemm(sycl::queue &queue,

oneapi::mkl::layout dense_matrix_layout,
oneapi::mkl::transpose transpose_A,
oneapi::mkl::transpose transpose_B,
const fp alpha,
matrix_handle_t handle,
sycl::buffer<fp, 1> &b,
const std::int64_t columns,
const std::int64_t ldb,
const fp beta,
sycl::buffer<fp, 1> &c,
const std::int64_t ldc);

}

namespace oneapi::mkl::sparse {
[[deprecated("Use oneapi::mkl::sparse::gemm(queue, oneapi::mkl::layout::row_major, transpose_

↪→A, oneapi::mkl::transpose:nontrans, alpha, ... ) instead.")]]
void gemm (

sycl::queue &queue,
oneapi::mkl::transpose transpose_flag,
const fp alpha,
oneapi::mkl::sparse::matrix_handle_t handle,
sycl::buffer<fp, 1> &b,
const std::int64_t columns,
const std::int64_t ldb,
const fp beta,
sycl::buffer<fp, 1> &c,
const std::int64_t ldc)

}

UsingUSMpointers:

namespace oneapi::mkl::sparse {
sycl::event gemm(

sycl::queue &queue,
oneapi::mkl::layout dense_matrix_layout,
oneapi::mkl::transpose transpose_A,
oneapi::mkl::transpose transpose_B,
const fp alpha,
matrix_handle_t handle,
fp *b,
const std::int64_t columns,
const std::int64_t ldb,
const fp beta,
fp *c,
const std::int64_t ldc,
const std::vector<sycl::event> &dependencies = {});

}

namespace oneapi::mkl::sparse {
[[deprecated("Use oneapi::mkl::sparse::gemm(queue, oneapi::mkl::layout::row_major, transpose_

↪→A, oneapi::mkl::transpose:nontrans, alpha, ... ) instead.")]] (continues on next page)
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sycl::event gemm (
sycl::queue &queue,
oneapi::mkl::transpose transpose_flag,
const fp alpha,
oneapi::mkl::sparse::matrix_handle_t handle,
const fp *b,
const std::int64_t columns,
const std::int64_t ldb,
const fp beta,
fp *c,
const std::int64_t ldc,
const std::vector<sycl::event> &dependencies = {})

}

IncludeFiles

• oneapi/mkl/spblas.hpp

InputParameters

queue Specifies the SYCL command queuewhichwill be used for SYCL kernels execution.

dense_matrix_layout Specifies the storage scheme in memory for the dense matrices. Note that this layout
applies to both B and C densematrices.

transpose_A (in oldAPI, transpose_flag) Specifies operation op() on inputmatrix A.

oneapi::mkl::transpose::nontrans Non-transpose, op(A) = A.
oneapi::mkl::transpose::trans Transpose, op(A) = AT .
oneapi::mkl::transpose::conjtrans Conjugate transpose, op(A) = AH .

Note: Currently, the only supported case for operation is oneapi::mkl::transpose::nontrans.

transpose_B Specifies operation op() on inputmatrix B.

oneapi::mkl::transpose::nontrans Non-transpose, op(B) = B.
oneapi::mkl::transpose::trans Transpose, op(B) = BT .
oneapi::mkl::transpose::conjtrans Conjugate transpose, op(B) = BH .

Note: Currently, the only supported case for operation is oneapi::mkl::transpose::nontrans.

alpha Specifies the scalar,α.
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handle Handle to object containing sparsematrix and other internal data. Created using one of the oneapi::
mkl::sparse::set_<sparse_matrix_type>_data routines.

Note: Currently, the only supported case for <sparse_matrix_type> is csr.

b SYCL buffer or device-accessible USM pointer of size at least rows*cols, where (with the assumption of
transpose_B == oneapi::mkl::transpose::nontrans).

layout=oneapi::mkl::
layout::col-major

layout=oneapi::mkl::layout::
row-major

rows (number of
rows in B)

ldb if op(A) = A, number of columns in A
if op(A) = AT , number of rows in A

cols (number of
columns in B)

columns ldb

columns Number of columns ofmatrix C.

ldb Specifies the leading dimension of matrix B. Must be positive, and at least columns if dense_matrix_-
layout=oneapi::mkl::layout::row-major or at least number of columns in A if dense_matrix_-
layout=oneapi::mkl::layout::col-major.

beta Specifies the scalar, β.

c SYCL buffer or device-accessible USMpointer of size at least rows*cols, where:

layout=oneapi::mkl::
layout::col-major

layout=oneapi::mkl::layout::
row-major

rows (number of
rows in C)

ldc if op(A) = A, number of rows in A
if op(A) = AT , number of columns in A

cols (number of
columns in C)

columns ldc

ldc Specifies the leading dimension of matrix C. Must be positive, and at least columns if dense_matrix_-
layout=oneapi::mkl::layout::row-major or at least number of rows in A if dense_matrix_-
layout=oneapi::mkl::layout::col-major.

dependencies A vector of type std::vector<sycl::event> containing the list of events that the oneapi::
mkl::sparse::gemm routine depends on.

OutputParameters

c Overwritten by the updatedmatrix C.
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ReturnValues (USMOnly)

sycl::event SYCL event which can be waited upon or added as a dependency for the completion of the gemm
routine.

10.16.3 Examples

An example of how to use oneapi::mkl::sparse::gemm with SYCL buffers or USM can be found in the
oneMKL installation directory, under:

examples/dpcpp/sparse_blas/source/sparse_gemm_row_major.cpp

examples/dpcpp/sparse_blas/source/sparse_gemm_row_major_usm.cpp

examples/dpcpp/sparse_blas/source/sparse_gemm_col_major.cpp

examples/dpcpp/sparse_blas/source/sparse_gemm_col_major_usm.cpp

10.17 oneapi::mkl::sparse::init_matmat_descr

Allocates and initializes a oneapi::mkl::sparse::matmat_descr_t object to default values.

• Description

• API

10.17.1 Description

The oneapi::mkl::sparse::init_matmat_descr routine allocates and initializes the oneapi::mkl::
sparse::matmat_descr_t object with default values, otherwise it throws an exception.

Note: Refer toErrorHandling for a detailed description of the exceptions thrown.

A common usagemodel for the matmat descriptor is the following

using namespace oneapi::mkl;
sparse::matmat_descr_t descr = NULL;
sparse::init_matmat_descr(descr);

// example descriptor for general
// C = A * B^T
sparse::matrix_view_descr viewA = sparse::matrix_view_descr::general;
sparse::matrix_view_descr viewB = sparse::matrix_view_descr::general;
sparse::matrix_view_descr viewC = sparse::matrix_view_descr::general;
transpose opA = transpose::nontrans;

(continues on next page)
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transpose opB = transpose::trans;

sparse::set_matmat_data(descr, viewA, opA, viewB, opB, viewC);

// use descr in sparse::matmat() api

sparse::release_matmat_descr(descr);

10.17.2 API

Syntax

namespace oneapi::mkl::sparse {
void init_matmat_descr ( oneapi::mkl::sparse::matmat_descr_t *descr );

}

IncludeFiles

• oneapi/mkl/spblas.hpp

10.18 oneapi::mkl::sparse::set_matmat_data

Sets the appropriate oneapi::mkl::sparse::matrix_view_descr and oneapi::mkl::transpose values
in the oneapi::mkl::sparse::matmat_descr_t object reflecting the sparse::matmat operation to be per-
formed: C = op(A) · op(B).

• Description

• API

10.18.1 Description

The oneapi::mkl::sparse::set_matmat_data routine allows user to set the desired sparse matrix -
sparse matrix operation in the oneapi::mkl::sparse::matmat_descr_t object which will be used in the
sparse::matmat routine.

The oneapi::mkl::sparse::matrix_view_descr enum class is defined in the oneapi/mkl/spblas.hpp
header file

namespace oneapi::mkl::sparse {
enum class matrix_view_descr : std::int32_t {

general
};

}

where general view assumes all data is populated in the sparse::matrix_handle_t object for both lower, di-
agonal and upper portions of thematrix. A common usagemodel for the matmat descriptor is the following:
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using namespace oneapi::mkl;
sparse::matmat_descr_t descr = NULL;
sparse::init_matmat_descr(descr);

// example descriptor for general
// C = A * B
sparse::matrix_view_descr viewA = sparse::matrix_view_descr::general;
sparse::matrix_view_descr viewB = sparse::matrix_view_descr::general;
sparse::matrix_view_descr viewC = sparse::matrix_view_descr::general;
transpose opA = transpose::nontrans;
transpose opB = transpose::nontrans;

sparse::set_matmat_data(descr, viewA, opA, viewB, opB, viewC);

// use descr in sparse::matmat() api

sparse::release_matmat_descr(descr);

10.18.2 API

Syntax

namespace oneapi::mkl::sparse {
void set_matmat_descr (

sparse::matmat_descr_t descr,
sparse::matrix_view_descr viewA,
transpose opA,
sparse::matrix_view_descr viewB,
transpose opB,
sparse::matrix_view_descr viewC);

}

IncludeFiles

• oneapi/mkl/spblas.hpp

InputParameters

viewA, viewB, viewC sparse::matrix_view_descrenumvaluesdescribinghow theA,B andCmatrix rep-
resentations should be viewed. Currently, only the general type is supported.

opA, opB Specifies operation op() on inputmatrix.

oneapi::mkl::transpose::nontrans Non-transpose, op(A) = A.
oneapi::mkl::transpose::trans Transpose, op(A) = AT .
oneapi::mkl::transpose::conjtrans Conjugate transpose, op(A) = AH .

Note: Currently, the only supported case for operation is oneapi::mkl::transpose::nontrans.
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OutputParameters

descr sparse::matmat_descr_t object used to define the sparse matrix - sparse matrix operation to be per-
formed by the sparse::matmat routine.

10.19 oneapi::mkl::sparse::get_matmat_data

Queries the oneapi::mkl::sparse::matrix_view_descr and oneapi::mkl::transpose values in the
oneapi::mkl::sparse::matmat_descr_t object reflecting the sparse::matmat operation to be performed:
C = op(A) · op(B).

• Description

• API

10.19.1 Description

The oneapi::mkl::sparse::get_matmat_data routine allows user to query the enum values set for the
sparse matrix - sparse matrix operation in the oneapi::mkl::sparse::matmat_descr_t object which will be
used in the sparse::matmat routine.

The oneapi::mkl::sparse::matrix_view_descr enum class is defined in the oneapi/mkl/spblas.hpp
header file

namespace oneapi::mkl::sparse {
enum class matrix_view_descr : std::int32_t {

general
};

}

where general view assumes all data is populated in the sparse::matrix_handle_t object for both lower, di-
agonal and upper portions of thematrix. A common usagemodel for the matmat descriptor is the following:

using namespace oneapi::mkl;
sparse::matmat_descr_t descr = NULL;
sparse::init_matmat_descr(descr);
// someone sets matmat descr

// query what was in descr
sparse::matrix_view_descr viewA, viewB, viewC;
transpose opA, opB;
sparse::get_matmat_data(descr, viewA, opA, viewV, opB, viewC);

sparse::release_matmat_descr(descr);
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10.19.2 API

Syntax

namespace oneapi::mkl::sparse {
void get_matmat_descr (

sparse::matmat_descr_t descr,
sparse::matrix_view_descr &viewA,
transpose &opA,
sparse::matrix_view_descr &viewB,
transpose &opB,
sparse::matrix_view_descr &viewC);

}

IncludeFiles

• oneapi/mkl/spblas.hpp

InputParameters

descr sparse::matmat_descr_t object used to define the sparse matrix - sparse matrix operation to be per-
formed by the sparse::matmat routine.

OutputParameters

viewA, viewB, viewC sparse::matrix_view_descrenumvaluesdescribinghow theA,B andCmatrix rep-
resenatations should be viewed. Currently, only the general type is supported.

opA, opB Specifies operation op() on inputmatrix.

oneapi::mkl::transpose::nontrans Non-transpose, op(A) = A.
oneapi::mkl::transpose::trans Transpose, op(A) = AT .
oneapi::mkl::transpose::conjtrans Conjugate transpose, op(A) = AH .

Note: Currently, the only supported case for operation is oneapi::mkl::transpose::nontrans.

10.20 oneapi::mkl::sparse::release_matmat_descr

Releases oneapi::mkl::sparse::matmat_descr_t object and sets it to NULL.

• Description

• API
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10.20.1 Description

The oneapi::mkl::sparse::release_matmat_descr routine releases the oneapi::mkl::sparse::
matmat_descr_t object and sets it to NULL.

A common usagemodel for the matmat descriptor is the following

using namespace oneapi::mkl;
sparse::matmat_descr_t descr = NULL;
sparse::init_matmat_descr(descr);

// example descriptor for general
// C = A * B
sparse::matrix_view_descr viewA = sparse::matrix_view_descr::general;
sparse::matrix_view_descr viewB = sparse::matrix_view_descr::general;
sparse::matrix_view_descr viewC = sparse::matrix_view_descr::general;
transpose opA = transpose::nontrans;
transpose opB = transpose::nontrans;

sparse::set_matmat_data(descr, viewA, opA, viewB, opB, viewC);

// use descr in sparse::matmat() api

sparse::release_matmat_descr(descr);

10.20.2 API

Syntax

namespace oneapi::mkl::sparse {
void release_matmat_descr ( oneapi::mkl::sparse::matmat_descr_t *descr );

}

IncludeFiles

• oneapi/mkl/spblas.hpp

10.21 oneapi::mkl::sparse::matmat

Computes a sparsematrix-sparsematrix product.

• Description

• API

• Examples
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10.21.1 Description

Note: Refer to Sparse BLASSupported Data and Integer Types for a list of supported <fp> and <intType>
data and integer types and refer toErrorHandling for a detailed description of the possible exceptions thrown.

The oneapi::mkl::sparse::matmat routine computes a sparsematrix-sparsematrix product defined as

C = op(A) · op(B)

whereA,B andC are appropriately sized sparsematrices and op() is amatrix modifier:

op(A) =


A, oneapi::mkl::transpose::nontrans
AT , oneapi::mkl::transpose::trans
AH , oneapi::mkl::transpose::conjtrans.

Thesparsematricesarestored in thematrix_handle_tandcurrentlyonly support thecompressedsparse row
(CSR)matrix format.

As the size ofC and its data is generally not knownbefore hand, the matmat routine is broken into several stages
which allow you to query the size of the data arrays, allocate them and then pass them back into the routine
to be filled. This allows you to control all theC matrix data allocations themselves. Additionally, there are cases
whereonly the sparsitypatternofC is desired, and this routineallowsyou tocomputeC without thevaluesarray.
Generally the sparse::matmat() algorithm is broken into three computational stages:

Stage Description
work_estimation do initial estimation of work and load balancing (make upper bound estimate on size

of Cmatrix data).
compute/com-
pute_structure

do internal products for computing the Cmatrix including the calculation of size of C
matrix data and filling the row pointer array for C.

finalize/finalize_-
structure

do any remaining internal products and accumulation and transfer into final C matrix
arrays.

Some additional helper stages are provided to allow you to query sizes of temporary workspace arrays or the
size of theC matrix data (nnz(C)) to be allocated. They are set and passed to the sparse::matmat routine as
matmat_request enum values:

namespace oneapi::mkl::sparse {
enum class matmat_request : std::int32_t {

get_work_estimation_buf_size,
work_estimation,

get_compute_structure_buf_size,
compute_structure,
finalize_structure,

get_compute_buf_size,
compute,

(continues on next page)
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get_nnz,
finalize

};
}

Acommonworkflow involves calling sparse::matmat() several times with different matmat_request’s:

0. Beforematmat stages

1. Allocate C matrix row pointer array and input into C matrix handle with dummy arguments for
column and data arrays (as their sizes are not known yet).

1. work_estimation stage

1. Call matmat with matmat_request::get_work_estimation_buf_size.

2. Allocate thework estimation temporary workspace array.

3. Call matmat with matmat_request::work_estimation.

2. Compute stage

1. Call matmat with matmat_request::get_compute_buf_size.

2. Allocate the compute temporary workspace array.

3. Call matmat with matmat_request::compute.

3. Finalize stage

1. Call matmat with matmat_request::get_nnz.

2. Allocate theC matrix column and data arrays and input into Cmatrix handle.

3. Call matmat with matmat_request::finalize.

4. Aftermatmat stages

1. Release or reuse thematmat descriptor for another appropriate sparsematrix product.

2. Release any temporaryworkspace arrays allocated through the stages for this particular sparse
matrix product.

3. Release or useC matrix handle for subsequent operations.

Note that thecompute_structureandfinalize_structureand their helpers shouldbeused if the final result
desired is the sparsity pattern ofC .

If you do not wish to allocate and handle the temporary workspace arrays themselves, they have the simplify-
ingoption to skip theget_xxx_buf_sizequeries for thework_estimationandcompute/compute_structure
stages and pass in null pointers for the size and tempBuffer arguments in theAPI for those stages. In this case,
the library handles the allocation and memory management themselves, living until the C matrix handle is de-
stroyed. However, you are always expected to query the size of C matrix data and allocate the C matrix arrays
themselves.

This simplifiedworkflow is reflected here:
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0. Beforematmat stages

1. Allocate C matrix row_pointer array and input into C matrix handle with dummy arguments for
column and data arrays (as their sizes are not known yet).

1. work_estimation stage

1. Call matmat with the matmat_request::work_estimation and nullptr for sizeTempBuffer
and tempBuffer arguments.

2. Compute stage

1. Call matmat with matmat_request::compute and nullptr for the sizeTempBuffer and
tempBuffer arguments.

3. Finalize stage

1. Call matmat with matmat_request::get_nnz.

2. Allocate theC matrix column and data arrays and input intoC matrix handle.

3. Call matmat with matmat_request::finalize.

4. Aftermatmat stages

1. Release or reuse thematmat descriptor for another appropriate sparsematrix product.

2. Release or use theC matrix handle for subsequent operations.

These two workflows, and additionally, an example of computing only the sparsity pattern for C are demon-
strated in the oneMKLDPC++ examples listed below.

10.21.2 API

Syntax

Note: Currently, complex types are not supported.

UsingSYCLbuffers:

namespace oneapi::mkl::sparse {
void matmat(sycl::queue &queue,

sparse::matrix_handle_t A,
sparse::matrix_handle_t B,
sparse::matrix_handle_t C,
sparse::matmat_request req,
sparse::matmat_descr_t descr,
sycl::buffer<std::int64_t, 1> *sizeTempBuffer,
sycl::buffer<std::uint8_t, 1> *tempBuffer);

}

UsingUSMpointers:

346



Intel® oneAPIMath Kernel Library

namespace oneapi::mkl::sparse {
sycl::event matmat(sycl::queue &queue,

sparse::matrix_handle_t A,
sparse::matrix_handle_t B,
sparse::matrix_handle_t C,
sparse::matmat_request req,
sparse::matmat_descr_t descr,
std::int64_t *sizeTempBuffer,
void *tempBuffer,
const std::vector<sycl::event> &dependencies);

}

IncludeFiles

• oneapi/mkl/spblas.hpp

InputParameters

queue Specifies the SYCL command queuewhichwill be used for SYCL kernels execution.

A Thematrix handle for the first matrix in the sparsematrix - sparsematrix product.

B Thematrix handle for the secondmatrix in the sparsematrix - sparsematrix product.

C Theoutputmatrixhandle fromthematmatoperation. SparseMatrix formatarrayswill beallocatedby theuser
and put into thematrix handle using a set_xxx_data routine. The data will be filled by the library as part of
thematmat operation.

request The matmat_request stage in the multi-stage algorithm. See descriptions of common workflows
above.

descr Thematmat_descr_t object describing the sparse matrix-sparse matrix operation to be executed. It is
manipulated using the sparse::init_matmat_descr, sparse::set_matmat_data and sparse::release_mat-
mat_descr routines.

sizeTempBuffer A SYCL aware container (sycl::buffer or host-accessible USM pointer) of the length of one
std::int64_t to represent the size in bytes of the tempBuffer. For the matmat_request stages with the
get_xxx naming convention the value is set by the library to inform the user how much memory to allo-
cate in the temporary buffer. In the otherwork_estimation and compute/comute_structure stages, it is
passed in along with the temporary buffer, tempBuffer, informing the library how much space was pro-
vided in bytes.

tempBuffer A SYCL-aware container (sycl::buffer or device-accessible USM pointer) of sizeTempBuffer
bytes used as a temporaryworkspace in the algorithm. There are two stageswhere separateworkspaces
must be passed into thematmat api (work_estimation and compute/compute_structure). They should
remain valid through the full matmat multi-stage algorithm as both may be used until the last final-
ize/finalize_structure request is completed.

dependencies (USMAPIs only) A vector of type std::vector<sycl::event> containing the list of events
that the current stage of oneapi::mkl::sparse::matmat routine depends on.
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OutputParameters

C Dataarrays forC will be allocatedby theuser andfilledby the library aspart of thematmat algorithm. Theout-
put sparsematrix data arrays forC are not guaranteed to be sorted, but sparse::sort_matrix() is provided
in case the sorted property is desired for subsequent operations with the output sparsematrix.

ReturnValues (USMOnly)

sycl::event SYCLeventwhich canbewaiteduponor addedas adependency for the completionof the stages
of the matmat routine.

10.21.3 Examples

Someexamples of how to use oneapi::mkl::sparse::matmatwith SYCLbuffers orUSMcan be found in the
oneMKL installation directory, under:

examples/dpcpp/sparse_blas/source/sparse_matmat.cpp
examples/dpcpp/sparse_blas/source/sparse_matmat_simplified.cpp
examples/dpcpp/sparse_blas/source/sparse_matmat_structure_only.cpp

examples/dpcpp/sparse_blas/source/sparse_matmat_usm.cpp
examples/dpcpp/sparse_blas/source/sparse_matmat_simplified_usm.cpp
examples/dpcpp/sparse_blas/source/sparse_matmat_structure_only_usm.cpp

10.22 oneapi::mkl::sparse::omatcopy

Performs an out-of-place copy of a CSRmatrix handle into a new one.

• Description

• API

10.22.1 Description

Note: Refer toErrorHandling for a detailed description of the possible exceptions thrown.

Note: This routinemodifies arrays provided to oneMKL through thematrix handle creation routines, oneapi::
mkl::sparse::set_<sparse_matrix_type>_data. Arrays of only the output matrix handle aremodified, and
those of the input handle are not.

Theoneapi::mkl::sparse::omatcopycopies theuser-providedsparsematrix arrays stored in agivensparse
matrix handle into those provided in another sparsematrix handle. The routine allows for a transpose operation
and a change in array indexing. Only out-of-place copy/transpose is supported through this API.
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10.22.2 API

Syntax

Note: Currently, complex types are not supported.

UsingUSMandSYCLbuffers:

namespace oneapi::mkl::sparse {
sycl::event omatcopy (

sycl::queue &queue,
oneapi::mkl::transpose transpose_flag,
oneapi::mkl::sparse::matrix_handle_t from_handle,
oneapi::mkl::sparse::matrix_handle_t to_handle,
const std::vector<sycl::event> &dependencies = {});

}

IncludeFiles

• oneapi/mkl/spblas.hpp

InputParameters

queue Specifies the SYCL command queuewhichwill be used for SYCL kernels execution.

transpose_flag Specifies operation op() on inputmatrix.

oneapi::mkl::transpose::nontrans
• Non-transpose, op(A) = A.

oneapi::mkl::transpose::trans
• Transpose, op(A) = AT.

oneapi::mkl::transpose::conjtrans
• Conjugate transpose, op(A) = AH.

Note: Currently, only operations oneapi::mkl::transpose::nontrans and oneapi::mkl::
transpose::trans are supported.

from_handle Handle toobject containing input sparsematrix andother internal data. Createdusingoneof the
oneapi::mkl::sparse::set_<sparse_matrix_type>_data routines.

Note: Currently, the only supportedmatrix format for <sparse_matrix_type> is the csr format.
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to_handle Handle to object containing output sparse matrix and other internal data. Created using one of
the oneapi::mkl::sparse::set_<sparse_matrix_type>_data routines. Note that the sparse ma-
trix dimensions/array lengths of this output handle must be same as that of the input handle in case of
oneapi::mkl::transpose::nontransoperation. Thenumberof rowsandcolumnsof this outputmatrix
handle for oneapi::mkl::transpose::trans and oneapi::mkl::transpose::conjtrans operations
must be the number of columns and rows of the input matrix handle, respectively. Also note that in case
of a transpose operation, the number of non-zeros in the sparsematrix remains unchanged.

Note: Currently, csr is the only supportedmatrix format for <sparse_matrix_type>.

dependencies Avector of type std::vector<sycl::event> & containing the list of events that the oneapi:
:mkl::sparse::omatcopy routine depends on.

ReturnValues

sycl::event SYCL event which can be waited upon or added as a dependency for the completion of the
omatcopy routine.

// Examples of API arguments and usage
sycl::event ev_opt = sparse::omatcopy(queue, trans_val, from_handle, to_handle); ␣
↪→ // Allowed use in case of USM
sycl::event ev_opt = sparse::omatcopy(queue, trans_val, from_handle, to_handle, {}); ␣
↪→ // Allowed use in case of USM
sycl::event ev_opt = sparse::omatcopy(queue, trans_val, from_handle, to_handle,␣
↪→dependencies); // Allowed use in case of USM
sparse::omatcopy(queue, trans_val, from_handle, to_handle); ␣
↪→ // Recommended use in case of sycl::buffer
sparse::omatcopy(queue, trans_val, from_handle, to_handle, {}); ␣
↪→ // Not recommended in case of sycl::buffer, but supported;
sparse::omatcopy(queue, trans_val, from_handle, to_handle, dependencies); ␣
↪→ // Not recommended in case of sycl::buffer, but supported;
sycl::event ev_opt = sparse::omatcopy(queue, trans_val, from_handle, to_handle); ␣
↪→ // Not recommended in case of sycl::buffer, but supported. Note that most sycl::
↪→buffer oneMKL APIs do not have ability to pass in dependencies

10.23 oneapi::mkl::sparse::sort_matrix

Performs in-place sorting of user-providedmatrix arrays in amatrix handle.

• Description

• API
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10.23.1 Description

Note: Refer toErrorHandling for a detailed description of the possible exceptions thrown.

The oneapi::mkl::sparse::sort_matrix API performs in-place sorting of user-provided sparse matrix ar-
rays stored in a given sparsematrix handle.

Note: This routine modifies user-arrays provided to oneMKL through the matrix handle creation routines,
oneapi::mkl::sparse::set_<sparse_matrix_type>_data.

10.23.2 API

Syntax

Note: Currently, complex types are not supported.

UsingUSMandSYCLbuffers:

namespace oneapi::mkl::sparse {
sycl::event sort_matrix (

sycl::queue &queue,
oneapi::mkl::sparse::matrix_handle_t handle,
const std::vector<sycl::event> &dependencies = {});

}

IncludeFiles

• oneapi/mkl/spblas.hpp

InputParameters

queue Specifies the SYCL command queuewhichwill be used for SYCL kernels execution.

handle Handle to object containing sparsematrix and other internal data. Created using one of the oneapi::
mkl::sparse::set_<sparse_matrix_type>_data routines.

Note: Currently, the only supportedmatrix format for <sparse_matrix_type> is the csr format.

dependencies Avector of type std::vector<sycl::event> & containing the list of events that the oneapi:
:mkl::sparse::sort_matrix routine depends on.
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ReturnValues

sycl::event SYCL event which can be waited upon or added as a dependency for the completion of the
sort_matrix routine.

// Examples of API arguments and usage
sycl::event ev_opt = sparse::sort_matrix(queue, handle); // Allowed use in␣
↪→case of USM
sycl::event ev_opt = sparse::sort_matrix(queue, handle, {}); // Allowed use in␣
↪→case of USM
sycl::event ev_opt = sparse::sort_matrix(queue, handle, dependencies); // Allowed use in␣
↪→case of USM
sparse::sort_matrix(queue, handle); // Recommended use␣
↪→in case of sycl::buffer
sparse::sort_matrix(queue, handle, {}); // Not recommended␣
↪→in case of sycl::buffer, but supported;
sparse::sort_matrix(queue, handle, dependencies); // Not recommended␣
↪→in case of sycl::buffer, but supported;
sycl::event ev_opt = sparse::sort_matrix(queue, handle); // Not recommended␣
↪→in case of sycl::buffer, but supported. Note that most sycl::buffer oneMKL APIs do not␣
↪→have ability to pass in dependencies
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11.0 LAPACKRoutines

Intel® oneAPIMath Kernel Library (oneMKL) implements routines from the LAPACKpackage that are used for
solving systemsof linear equations, linear least squares problems, eigenvalue and singular value problems, and
performing a number of related computational tasks. The library includes LAPACK routines for both real and
complex data. Routines are supported for systems of equations with the following types ofmatrices:

• General

• Banded

• Symmetric or Hermitian positive-definite (full, packed, and rectangular full packed (RFP) storage)

• Symmetric or Hermitian positive-definite banded

• Symmetric or Hermitian indefinite (both full and packed storage)

• Symmetric or Hermitian indefinite banded

• Triangular (full, packed, and RFP storage)

• Triangular banded

• Tridiagonal

• Diagonally dominant tridiagonal.

Note: Different arrays used as parameters to oneMKL LAPACK routinesmust not overlap.

Warning: LAPACK routines assume that input matrices do not contain IEEE 754 special values such as
INForNaNvalues. Using these special valuesmay cause LAPACK to return unexpected results or become
unstable.

11.1 gebrd

Reduces a general matrix to bidiagonal form. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API
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11.1.1 Description

The routine reduces ageneralm-by-nmatrixA to abidiagonalmatrixBbyanorthogonal (unitary) transformation.

If m ≥ n, the reduction is given by

A = QBPH =

(
B1

0

)
PH = Q1B1PH

where B1 is an n-by-n upper diagonal matrix, Q and P are orthogonal or, for a complex A, unitary matrices; Q1 con-
sists of the first n columns of Q.

If m < n, the reduction is given by

A = Q*B*PH = Q*(B10)*PH = Q1*B1*P1H,

whereB1 isanm-by-m lowerdiagonalmatrix,QandPareorthogonalor, foracomplexA, unitarymatrices;P1 consists
of the first m columns of P.

The routine does not form thematrices Q and P explicitly, but represents themas products of elementary reflec-
tors. Routines are provided to work with thematrices Q and P in this representation:

If thematrix A is real,

• to compute Q and P explicitly, call orgbr.

If thematrix A is complex,

• to compute Q and P explicitly, call ungbr.

11.1.2 API

Syntax

namespace oneapi::mkl::lapack {
void gebrd(sycl::queue &queue,
std::int64_t m, std::int64_t n,
sycl::buffer<T,1> &a, std::int64_t lda,
sycl::buffer<realT,1> &d, sycl::buffer<realT,1> &e, sycl::buffer<T,1> &tauq, sycl::buffer<T,1>

↪→ &taup, sycl::buffer<T,1> &scratchpad, std::int64_t scratchpad_size)
}

gebrd supports the following precision and devices.

T Devices Supported
float CPU, GPU
double CPU, GPU
std::complex<float> CPU, GPU
std::complex<double> CPU, GPU
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InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n).

a The buffer holdingmatrix A. The second dimension of amust be at least max(1, m).

lda The leading dimension of a.

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number offloating point elements of typeT.

Size should not be less then the valuereturned by the gebrd_scratchpad_sizefunction.

OutputParameters

a If m ≥ n, the diagonal and first super-diagonal of a are overwritten by the upper bidiagonal matrix B. The el-
ements below the diagonal, with the buffer tauq, represent the orthogonal matrix Q as a product of ele-
mentary reflectors, and the elements above the first superdiagonal, with the buffer taup, represent the
orthogonal matrix P as a product of elementary reflectors.

If m<n, the diagonal and first sub-diagonal of a are overwritten by the lower bidiagonal matrix B. The ele-
ments below the first subdiagonal, with the buffer tauq, represent the orthogonal matrix Q as a product of
elementary reflectors, and theelementsabove thediagonal,with thebuffer taup, represent theorthogonal
matrix P as a product of elementary reflectors.

d Buffer holding array of size at least max(1, min(m,n)). Contains the diagonal elements of B.

e Buffer holding array of size at least max(1, min(m,n) - 1). Contains the off-diagonal elements of B.

tauq Buffer holding array of size at least max(1, min(m, n)). The scalar factors of the elementary reflectors
which represent the orthogonal or unitarymatrix Q.

taup Buffer holding array of size at least max(1, min(m, n)). The scalar factors of the elementary reflectors
which represent the orthogonal or unitarymatrix P.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returnedby the detail()i
method of the exception object.
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11.2 gebrd (USMVersion)

Reduces a general matrix to bidiagonal form. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.2.1 Description

The routine reduces ageneralm-by-nmatrixA to abidiagonalmatrixBbyanorthogonal (unitary) transformation.

If m ≥ n, the reduction is given by

A = QBPH =

(
B1

0

)T

PH = Q1B1PH

where B1 is an n-by-n upper diagonal matrix, Q and P are orthogonal or, for a complex A, unitary matrices; Q1 con-
sists of the first n columns of Q.

If m < n, the reduction is given by

A = Q*B*PH = Q*(B10)*PH = Q1*B1*P1H,

whereB1 isanm-by-m lowerdiagonalmatrix,QandPareorthogonalor, foracomplexA, unitarymatrices;P1 consists
of the first m columns of P.

The routine does not form thematrices Q and P explicitly, but represents themas products of elementary reflec-
tors. Routines are provided to work with thematrices Q and P in this representation:

If thematrix A is real,

• to compute Q and P explicitly, call orgbr (USMVersion).

If thematrix A is complex,

• to compute Q and P explicitly, call ungbr (USMVersion).

11.2.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event gebrd(sycl::queue &queue,

std::int64_t m,
std::int64_t n,
T *a,
std::int64_t lda,
RealT *d,
RealT *e,
T *tauq,
T *taup,
T *scratchpad,
std::int64_t scratchpad_size, const std::vector<sycl::event> &events = {})

}
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gebrd (USMversion) supports the following precisions and devices:

T Devices supported
float CPU, GPU
double CPU, GPU
std::complex<float> CPU, GPU
std::complex<double> CPU, GPU

InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n).

a Pointer tomatrix A. The second dimension of amust be at least max(1, m).

lda The leading dimension of a.

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the gebrd_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a If m ≥ n, the diagonal and first super-diagonal of a are overwritten by the upper bidiagonal matrix B. The el-
ements below the diagonal, with the tauq, represent the orthogonal matrix Q as a product of elementary
reflectors, and the elements above the first superdiagonal, with the taup, represent the orthogonal matrix
P as a product of elementary reflectors.

If m<n, the diagonal and first sub-diagonal of a are overwritten by the lower bidiagonal matrix B. The ele-
ments below the first subdiagonal, with the tauq, represent the orthogonal matrix Q as a product of ele-
mentary reflectors, and the elements above the diagonal, with the taup, represent the orthogonalmatrix P
as a product of elementary reflectors.

d Pointer tomemory of size at least max(1, min(m,n)). Contains the diagonal elements of B.

e Pointer tomemory of size at least max(1, min(m,n) - 1). Contains the off-diagonal elements of B.

tauq Pointer to memory of size at least max(1, min(m, n)). The scalar factors of the elementary reflectors
which represent the orthogonal or unitarymatrix Q.

taup Pointer to memory of size at least max(1, min(m, n)). The scalar factors of the elementary reflectors
which represent the orthogonal or unitarymatrix P.
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.3 gebrd_scratchpad_size

Computes size of scratchpadmemory required for gebrd (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.3.1 Description

Computes the number of elements of typeT the scratchpadmemory to be passed to the gebrd (buffer orUSM
version) function should be able to hold.

11.3.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t gebrd_scratchpad_size(sycl::queue &queue,
std::int64_t m,
std::int64_t n, std::int64_t lda)

}
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InputParameters

queue Device queuewhere calculations by the gebrd (buffer or USMversion) function will be performed.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n).

lda The leading dimension of a.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpadmemory to be passed to the gebrd (buffer or USM version)
function should be able to hold.

11.4 gels_batch (BufferStridedVersion)

Finds the least squares solutions for a batch of overdetermined linear systems. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.4.1 Description

Finds the least squares solutions for a batch of overdetermined linear systems.

11.4.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event gels_batch(sycl::queue &queue,
mkl::transpose trans,
std::int64_t m,
std::int64_t n,
std::int64_t nrhs,
sycl::buffer<T> &a,

(continues on next page)
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(continued from previous page)

std::int64_t lda,
std::int64_t stride_a,
sycl::buffer<T> &b,
std::int64_t ldb,
std::int64_t stride_b,
std::int64_t batch_size,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

This function supports the following precisions and devices:

T Devices supported
float GPU
double GPU
std::complex<float> GPU
std::complex<double> GPU

InputParameters

queue Device queuewhere calculations will be performed.

trans Operation assumed to be done on input matrices Ai. Only trans = mkl::transpose::nontrans case
is currently supported.

m The number of rows of thematrices Ai and Bi

n The number of columns of thematrices Ai

nrhs The number of right-hand sides: the number of columns in Bi

a Contains batch_sizem-by-nmatrices Ai

lda The leading dimension of Ai

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a

b Contains thematrices Bi of right hand side vectors

ldb The leading dimensions of Bi

stride_b The stride between the beginnings ofmatrices Bi inside the batch array b.

batch_size The number of problems in a batch.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpad memory as a number of floating point elements of type T. Size should
not be less than the value returned by stride version of gels_batch_scratchpad_size (Strided Version)
function.
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OutputParameters

a Overwritten by the factorization data as follows: contains triangular matrix R obtained on the basis of Ai used
in least squares computation

b Overwritten by least squares solutions of the batch of problems

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.
If info is zero, then Ai does not have full rank, and the solve could not be
completed. The indexes of such matrices in the batch can be obtained
with theids()methodof theexceptionobject. Youcanobtain the indexes
of the first zero diagonal elements in these matrices using the infos()
method of the exception object.

11.5 gels_batch (USMStridedVersion)

Finds the least squares solutions for a batch of overdetermined linear systems. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.5.1 Description

Finds the least squares solutions for a batch of overdetermined linear systems.

11.5.2 API

Syntax
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namespace oneapi::mkl::lapack {
sycl::event gels_batch(sycl::queue &queue,
mkl::transpose trans,
std::int64_t m,
std::int64_t n,
std::int64_t nrhs,
T *a,
std::int64_t lda,
std::int64_t stride_a,
T *b,
std::int64_t ldb,
std::int64_t stride_b,
std::int64_t batch_size,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

This function supports the following precisions and devices:

T Devices supported
float GPU
double GPU
std::complex<float> GPU
std::complex<double> GPU

InputParameters

queue Device queuewhere calculations will be performed.

trans Operation assumed to be done on input matrices Ai. Only trans = mkl::transpose::nontrans case
is currently supported.

m The number of rows of thematrices Ai and Bi

n The number of columns of thematrices Ai

nrhs The number of right-hand sides: the number of columns in Bi

a Contains batch_sizem-by-nmatrices Ai

lda The leading dimension of Ai

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a

b Contains thematrices Bi of right hand side vectors

ldb The leading dimensions of Bi

stride_b The stride between the beginnings ofmatrices Bi inside the batch array b.

batch_size The number of problems in a batch.
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scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpad memory as a number of floating point elements of type T. Size should
not be less than the value returned by stride version of gels_batch_scratchpad_size (Strided Version)
function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a Overwritten by the factorization data as follows: contains triangular matrix R obtained on the basis of Ai used
in least squares computation

b Overwritten by least squares solutions of the batch of problems

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.
If info is zero, then Ai does not have full rank, and the solve could not be
completed. The indexes of such matrices in the batch can be obtained
with theids()methodof theexceptionobject. Youcanobtain the indexes
of the first zero diagonal elements in these matrices using the infos()
method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.6 gels_batch_scratchpad_size (StridedVersion)

Computes size of scratchpad memory required for gels_batch (Strided Version) function. This routine be-
longs to the oneapi::mkl::lapack namespace.

• Description

• API
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11.6.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the gels_batch (Strided
Version) functionmust be able to hold.

11.6.2 API

Syntax

namespace oneapi::mkl::lapack {
std::int64_t gels_batch_scratchpad_size(sycl::queue &queue,
mkl::transpose trans,
std::int64_t m,
std::int64_t n,
std::int64_t nrhs,
std::int64_t lda,
std::int64_t stride_a,
std::int64_t ldb,
std::int64_t stride_b,
std::int64_t batch_size)

}

InputParameters

queue Device queuewhere calculations will be performed.

trans Operation assumed to be done on input matrices Ai. Only trans = mkl::transpose::nontrans case
is currently supported.

m The number of rows of thematrices Ai and Bi

n The number of columns of thematrices Ai

nrhs The number of right-hand sides: the number of columns in Bi

lda The leading dimension of Ai

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a

ldb The leading dimensions of Bi

stride_b The stride between the beginnings ofmatrices Bi inside the batch array b.

batch_size The number of problems in a batch.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.
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ReturnValues

The number of elements of type T the scratchpad memory to be passed to the gels_batch (Strided Version)
functionmust be able to hold.

11.7 geqrf

Computes theQR factorization of a general m-by-nmatrix. This routine belongs to the oneapi::mkl::lapack
namespace.

• Description

• API

11.7.1 Description

The routine forms the QR factorization of a general m-by-nmatrix A. No pivoting is performed.

The routine does not form thematrix Q explicitly. Instead, Q is represented as a product of min(m, n) elementary
reflectors. Routines are provided to work with Q in this representation.

11.7.2 API

Syntax

namespace oneapi::mkl::lapack {
void geqrf(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &tau,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

geqrf supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU
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InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in A (0 ≤ n).

a Buffer holding inputmatrix A. The second dimension of amust be at least max(1, n).

lda The leading dimension of a; at least max(1, m).

scratchpad Buffer holding scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of typeT. Size should not
be less then the value returned by the geqrf_scratchpad_size function.

OutputParameters

a Overwritten by the factorization data as follows:

The elements on and above the diagonal of the array contain themin(m,n)-by-n upper trapezoidal matrix
R (R is upper triangular ifm≥n); theelementsbelow thediagonal, with thearray tau, present theorthogonal
matrix Q as a product of min(m,n) elementary reflectors.

tau Array, size at leastmax (1, min(m, n)). Contains scalars that defineelementary reflectors for thematrix Q in its
decomposition in a product of elementary reflectors.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

11.8 geqrf (USMVersion)

Computes theQR factorization of a general m-by-nmatrix. This routine belongs to the oneapi::mkl::lapack
namespace.

• Description

• API
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11.8.1 Description

The routine forms the QR factorization of a general m-by-nmatrix A. No pivoting is performed.

The routine does not form thematrix Q explicitly. Instead, Q is represented as a product of min(m, n) elementary
reflectors. Routines are provided to work with Q in this representation.

11.8.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event geqrf(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
T *a,
std::int64_t lda,
T *tau,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

gerqf (USMversion) supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n).

a Pointer to thememory holding inputmatrix A. The second dimension of amust be at least max(1, n).

lda The leading dimension of a, at least max(1, m).

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the geqrf_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.
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OutputParameters

a Overwritten by the factorization data as follows:

The elements on and above the diagonal of the array contain the min(m,n)-by-nupper trapezoidalmatrix
R (R is upper triangular if m ≥ n); the elements below the diagonal, with the array tau, present the orthog-
onal matrix Q as a product of min(m,n) elementary reflectors.

tau Array, size at least min(m,n).

Contains scalars that define elementary reflectors for thematrix Q in its decomposition in a product of ele-
mentary reflectors.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.9 geqrf_batch (BufferStridedVersion)

Computes the batch of QR factorizations of a batch of general m-by-n matrices. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.9.1 Description

The routine forms the QiRi factorizations of a general m-by-nmatrices Ai. No pivoting is performed.

The routine does not form thematrix Qi explicitly. Instead, Qi is represented as a product ofmin(m, n) elementary
reflectors. Routines are provided to work with Qi in this representation.

368



Intel® oneAPIMath Kernel Library

11.9.2 API

Syntax

namespace oneapi::mkl::lapack {
void geqrf_batch(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
std::int64_t stride_a,
sycl::buffer<T> &tau,
std::int64_t stride_tau,
std::int64_t batch_size,
sycl::buffer<T> &scratchpad, std::int64_t scratchpad_size)

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrices Ai (0 ≤ m).

n The number of columns in thematrices Ai (0 ≤ n).

a Array holding inputmatrices Ai.

lda The leading dimension of Ai .

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

stride_tau The stride between the beginnings of arrays taui inside the array tau.

batch_size The number of problems in a batch.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by geqrf_batch_scratchpad_size (StridedVersion).
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OutputParameters

a Overwritten by the factorization data as follows:

The elements on and above the diagonal of the array contain the min(m,n)-by-n upper trapezoidal ma-
trices Ri (Ri is upper triangular if m ≥ n); the elements below the diagonal, with the array taui, present the
orthogonal matrix Qi as a product of min(m,n) elementary reflectors.

tau Array to store batch of taui, each of size min(m,n), containing scalars that define elementary reflectors for
thematrices Qi in its decomposition in a product of elementary reflectors.

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the
exception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less than the value returned by the detail()
method of the exception object.

11.10 geqrf_batch (GroupVersion)

Computes the batch of QR factorizations of a batch of general m-by-n matrices. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.10.1 Description

The routine forms theQiRi factorizationsof a generalm-by-nmatrixAi, iϵ{1...batch_size}, wherebatch_size
is a sum of all parameter group sizes as provided with the group_sizes array. No pivoting is performed during
factorization.

The routine does not form thematrix Qi explicitly. Instead, Qi is represented as a product ofmin(m, n) elementary
reflectors. Routines are provided to work with Qi in this representation.

Total number of problems to solve, batch_size, is a sum of sizes of all of the groups of parameters as provided
by group_sizesarray.
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11.10.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event geqrf_batch(sycl::queue &queue,
std::int64_t *m,
std::int64_t *n,
T **a,
std::int64_t *lda,
T **tau,
std::int64_t group_count,
std::int64_t *group_sizes,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

m Array of group_count parametersmg parameters.

Each ofmg specifies the number of rows in thematrices Ai from array a, belonging to group g.

n Array of group_count parameters ng parameters.

Each of ng specifies the number of columns in thematrices Ai from array a, belonging to group g.

a Array of batch_size pointers to inputmatrices Ai, each being of size ldag*ng (g is an index of group towhich
Ai belongs).

lda Arrayofgroup_countldag parameters, each representing the leadingdimensionsof inputmatricesAi, from
array a, belonging to group g.

group_count Specifies the number of groups of parameters. Must be at least 0.

group_sizes Array of group_count integers. Array element with index g specifies the number of problems to
solve for each of the groups of parameters g. So the total number of problems to solve, batch_size, is a
sum of all parameter group sizes.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of typeT. Size should not
be less then the value returned by geqrf_batch_scratchpad_size (GroupVersion).

events List of events to wait for before starting computation. Defaults to empty list.
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OutputParameters

a Matrices pointed to by array a are overwritten by the factorization data as follows:

The elements on and above the diagonal of Ai contain the min(mg,mng)-by-ng upper trapezoidal matri-
ces Ri (Ri is upper triangular if mg ≥ ng); the elements below the diagonal, with the array taui, present the
orthogonal matrix Qi as a rpoduct of min(mg,ng) elementary reflectors.

Here, g is an index of parameters group corresponding to i-th decomposition.

tau Array of pointers to store taui, each of size mg,ng, containing scalars that define elementary reflectors for
thematrices Qi in its decomposition in a product of elementary reflectors.

Here, g is an index of parameters group corresponding to i-th decomposition.

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.11 geqrf_batch (USMStridedVersion)

Computes the batch of QR factorizations of a batch of general m-by-n matrices. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.11.1 Description

The routine forms the QiRi factorizations of a general m-by-nmatrix Ai. No pivoting is performed.

The routine does not form thematrix Qi explicitly. Instead, Qi is represented as a product ofmin(m, n) elementary
reflectors. Routines are provided to work with Qi in this representation.
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11.11.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event geqrf_batch(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
T *a,
std::int64_t lda,
std::int64_t stride_a,
T *tau,
std::int64_t stride_tau,
std::int64_t batch_size,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrices Ai (0 ≤ m).

n The number of columns in thematrices Ai (0 ≤ n).

a Array holding inputmatrices Ai.

lda The leading dimension of Ai .

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

stride_tau The stride between the beginnings of arrays taui inside the array tau.

batch_size The number of problems in a batch.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by geqrf_batch_scratchpad_size (StridedVersion).

events List of events to wait for before starting computation. Defaults to empty list.
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OutputParameters

a Overwritten by the factorization data as follows:

The elements on and above the diagonal of the array contain the min(m,n)-by-n upper trapezoidal ma-
trices Ri (Ri is upper triangular if m ≥ n); the elements below the diagonal, with the array taui, present the
orthogonal matrix Qi as a product of min(m,n) elementary reflectors.

tau Array to store batch of taui, each of size min(m,n), containing scalars that define elementary reflectors for
thematrices Qi in its decomposition in a product of elementary reflectors.

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.12 geqrf_batch_scratchpad_size (GroupVersion)

Computes size of scratchpad memory required for geqrf_batch (Group Version) function. This routine be-
longs to the oneapi::mkl::lapack namespace.

• Description

• API

11.12.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the geqrf_batch (Group
Version) function should be able to hold.
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11.12.2 API

Syntax

namespace oneapi::mkl::lapack {
std::int64_t geqrf_batch_scratchpad_size(sycl::queue &queue,
std::int64_t *m,
std::int64_t *n,
std::int64_t *lda,
std::int64_t group_count,
std::int64_t *group_sizes)

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

m Array of group_count parameters mg.

Each mg specifies the number of rows in thematrices Ai belonging to group g.

n Array of group_count parameters ng.

Each ng specifies the number of columns in thematrices Ai belonging to group g.

lda Arrayofgroup_countparametersldag, each representing the leadingdimensionof inputmatricesbelong-
ing to group g.

group_count Specifies the number of groups of parameters. Must be at least 0.

group_sizes Array of group_count integers. Array element with index g specifies the number of problems to
solve for each of the groups of parameters g. So the total number of problems to solve, batch_size, is a
sum of all parameter group sizes.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.
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ReturnValues

The number of elements of type T the scratchpad memory to be passed to the geqrf_batch (Group Version)
function should be able to hold.

11.13 geqrf_batch_scratchpad_size (StridedVersion)

Computes size of scratchpad memory required for geqrf_batch (Strided Version) function. This routine be-
longs to the oneapi::mkl::lapack namespace.

• Description

• API

11.13.1 Description

Computes thenumber of elements of typeT the scratchpadmemory tobepassed to thegeqrf_batch (Strided
Version) function should be able to hold.

11.13.2 API

Syntax

namespace oneapi::mkl::lapack {
geqrf_batch_scratchpad_size(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
std::int64_t lda,
std::int64_t stride_a,
std::int64_t stride_tau,
std::int64_t batch_size)

}

InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrices Ai (0 ≤ m).

n The number of columns in thematrices Ai (0 ≤ n).

lda The leading dimension of Ai .

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

stride_tau The stride between the beginnings of arrays taui inside the array tau.

batch_size The number of problems in a batch.
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of typeT the scratchpadmemory to be passed to the geqrf_batch (StridedVersion)
function should be able to hold.

11.14 geqrf_scratchpad_size

Computes size of scratchpadmemory required for geqrf (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.14.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the geqrf (buffer or USM
version) function should be able to hold.

11.14.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t geqrf_scratchpad_size(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
std::int64_t lda)

}

InputParameters

queue Device queuewhere calculations by the geqrf (buffer or USMversion) function will be performed.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n).

lda The leading dimension of a.
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpadmemory to be passed to the geqrf (buffer or USM version)
function should be able to hold.

11.15 gerqf

Computes the RQ factorization of a general m-by-nmatrix. This routine belongs to the oneapi::mkl::lapack
namespace.

• Description

• API

11.15.1 Description

The routine forms the RQ factorization of a general m-by-nmatrix ANopivoting is performed.

The routine does not form thematrix Q explicitly. Instead, Q is represented as a product of min(m, n) elementary
reflectors. Routines are provided to work with Q in this representation.

Note: This routine supports the Progress Routine feature.

11.15.2 API

Syntax

namespace oneapi::mkl::lapack {
void gerqf(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &tau,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

378



Intel® oneAPIMath Kernel Library

gerqf supports the following precisions and devices:

T Devices supported
float CPU
double CPU
std::complex<float> CPU
std::complex<double> CPU

InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n).

a Buffer holding inputmatrix A. The second dimension of amust be at least max(1, n).

lda The leading dimension of a, at least max(1, m).

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the gerqf_scratchpad_size function.

OutputParameters

a Overwritten by the factorization data as follows:

if m ≤ n, the upper triangle of the subarray a(1:m, n-m+1:n ) contains the m-by-m upper triangular ma-
trix R; if m ≥ n, the elements on and above the (m-n)-th subdiagonal contain the m-by-n upper trapezoidal
matrix R

In both cases, the remaining elements, with the arraytau, represent the orthogonal/unitary matrix Q as a
product of min(m,n) elementary reflectors.

tau Array, size at least min(m,n).

Contains scalars that define elementary reflectors for thematrix Q in its decomposition in a product of ele-
mentary reflectors.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.
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11.16 gerqf (USMVersion)

Computes the RQ factorization of a general m-by-nmatrix . This routine belongs to the oneapi::mkl::lapack
namespace.

• Description

• API

11.16.1 Description

The routine forms the RQ factorization of a general m-by-nmatrix A. No pivoting is performed.

The routine does not form thematrix Q explicitly. Instead, Q is represented as a product of min(m, n) elementary
reflectors. Routines are provided to work with Q in this representation.

11.16.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event gerqf(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
T *a,
std::int64_t lda,
T *tau,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

gerqf (USMversion) supports the following precisions and devices:

T Devices supported
float CPU
double CPU
std::complex<float> CPU
std::complex<double> CPU

InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n).

a Pointer to thememory holding inputmatrix A. The second dimension of amust be at least max(1, n).
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lda The leading dimension of a, at least max(1, m).

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the gerqf_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a Overwritten by the factorization data as follows:

if m ≤ n, the upper triangle of the subarray a(1:m, n-m+1:n ) contains the m-by-m upper triangular ma-
trix R; if m ≥ n, the elements on and above the (m-n)-th subdiagonal contain the m-by-n upper trapezoidal
matrix R

In both cases, the remaining elements, with the arraytau, represent the orthogonal/unitary matrix Q as a
product of min(m,n) elementary reflectors.

tau Array, size at least min(m,n).

Contains scalars that define elementary reflectors for thematrix Q in its decomposition in a product of ele-
mentary reflectors.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

canobtain the info codeof the problemusing theget_info()methodof the
exception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and get_detail()
returns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the get_-
detail() method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.17 gerqf_scratchpad_size

Computes size of scratchpadmemory required for gerqf (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API
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11.17.1 Description

Computes the number of elements of typeT the scratchpadmemory to be passed to the gerqf (buffer orUSM
version) function should be able to hold.

11.17.2 API

Syntax

namespace oneapi::mkl::lapack {
template <typename T>
std::int64_t gerqf_scratchpad_size(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
std::int64_t lda)

}

InputParameters

queue Device queuewhere calculations by the gerqf (buffer or USMversion) function will be performed.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n).

lda The leading dimension of a; at least max(1,m).

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

Youcandetermine thepositionof the incorrect argumentby theget_info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpadmemory to be passed to the gerqf (buffer or USM version)
function should be able to hold.

11.18 gesvd

Computes the singular value decomposition of a general rectangular matrix. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API
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11.18.1 Description

The routine computes the singular value decomposition (SVD) of a real/complex m-by-n matrix A, optionally
computing the left and/or right singular vectors. The SVD is written as:

• A = U*Σ*VT for real routines

• A = U*Σ*VH for complex routines

where � is an m-by-n diagonal matrix, U is an m-by-m orthogonal/unitary matrix, and V is an n-by-n orthogonal/u-
nitary matrix. The diagonal elements of � are the singular values of A; they are real and non-negative, and are
returned in descending order. The first min(m, n) columns of U and V are the left and right singular vectors of
A.

11.18.2 API

Syntax

namespace oneapi::mkl::lapack {
void gesvd(sycl::queue &queue,
mkl::jobsvd jobu,
mkl::jobsvd jobvt,
std::int64_t m,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<RealT> &s,
sycl::buffer<T> &u,
std::int64_t ldu,
sycl::buffer<T> &vt,
std::int64_t ldvt,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

gesvd supports the following precision and devices.

T Devices Supported
float CPU
double CPU
std::complex<float> CPU
std::complex<double> CPU
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InputParameters

queue Device queuewhere calculations will be performed.

jobu Must be jobsvd::vectors, job::somevec, jobsvd::vectorsina, or job::novec. Specifies options for
computing all or part of thematrix U.

If jobu = jobsvd::vectors, all m columns of U are returned in the buffer u;

if jobu = job::somevec, the first min(m, n) columns of U (the left singular vectors) are returned in the
buffer u;

if jobu = jobsvd::vectorsina, the first min(m, n) columns of U (the left singular vectors) are overwrit-
ten on the buffer a;

if jobu = job::novec, no columns of U (no left singular vectors) are computed.

jobvt Must be jobsvd::vectors, job::somevec, jobsvd::vectorsina, or job::novec. Specifies options
for computing all or part of thematrixVT/VH.

If jobvt = jobsvd::vectors, all n columns ofVT/VH are returned in the buffer vt;

if jobvt = job::somevec, the first min(m, n) columns ofVT/VH (the left singular vectors) are returned
in the buffer vt;

if jobvt = jobsvd::vectorsina, the first min(m, n) columns of VT/VH (the left singular vectors) are
overwritten on the buffer a;

if jobvt = job::novec, no columns ofVT/VH (no left singular vectors) are computed.

jobvt and jobu cannot both be jobsvd::vectorsina.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n).

a Buffer holding arraya, size (lda,*). The second dimension of amust be at least max(1, n).

lda The leading dimension of a.

ldu The leading dimension of u.

ldvt The leading dimension of vt.

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the gesvd_scratchpad_size function.
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OutputParameters

a On exit,

If jobu = jobsvd::vectorsina, a is overwritten with the first min(m,n) columns of U (the left singular
vectors stored columnwise);

If jobvt = jobsvd::vectorsina, a is overwrittenwith the first min(m, n) rowsof VT/VH (the right singu-
lar vectors stored rowwise);

If jobu ≠ jobsvd::vectorsina and jobvt ≠ jobsvd::vectorsina, the contents of a are destroyed.

s Arraycontaining thesingular values, sizeat leastmax(1, min(m,n)). Contains thesingular valuesofAsorted
so that s(i) ≥ s(i+1).

u Array containing U; the second dimension of umust be at least max(1, m) if jobu = jobsvd::vectors, and
at least max(1, min(m, n)) if jobu = job::somevec.

If jobu = jobsvd::vectors, u contains them-by-m orthogonal/unitarymatrix U.

If jobu = job::somevec, u contains the first min(m, n) columns of U (the left singular vectors stored
column-wise).

If jobu = job::novec or jobsvd::vectorsina, u is not referenced.

vt Array containing VT; the second dimension of vt must be at least max(1, n).

If jobvt = jobsvd::vectors, vt contains the n-by-n orthogonal/unitarymatrix VT/VH.

Ifjobvt = job::somevec, vt contains thefirstmin(m, n) rowsofVT/VH (the right singular vectors stored
row-wise).

If jobvt = job::novec or jobsvd::vectorsina, vt is not referenced.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info = i, then if bdsqr did not converge, i specifies how many super-
diagonals of the intermediate bidiagonal form B did not converge to zero,
andscratchpad(2:min(m,n))contains theunconvergedsuperdiagonal
elements of an upper bidiagonal matrix Bwhose diagonal is in s (not nec-
essarily sorted). B satisfies A = U*B*VT, so it has the same singular values
as A, and singular vectors related by U and VT.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.
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11.19 gesvd (USMVersion)

Computes the singular value decomposition of a general rectangular matrix. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.19.1 Description

The routine computes the singular value decomposition (SVD) of a real/complex m-by-n matrix A, optionally
computing the left and/or right singular vectors. The SVD is written as:

• A = U*Σ*VT for real routines

• A = U*Σ*VH for complex routines

where � is an m-by-n diagonal matrix, U is an m-by-m orthogonal/unitary matrix, and V is an n-by-n orthogonal/u-
nitary matrix. The diagonal elements of � are the singular values of A; they are real and non-negative, and are
returned in descending order. The first min(m, n) columns of U and V are the left and right singular vectors of
A.

11.19.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event gesvd(sycl::queue &queue,
mkl::jobsvd jobu,
mkl::jobsvd jobvt,
std::int64_t m,
std::int64_t n,
T *a,
std::int64_t lda,
RealT *s,
T *u,
std::int64_t ldu,
T *vt,
std::int64_t ldvt,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

gesvd (USMversion) supports the following precision and devices.
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T Devices Supported
float CPU
double CPU
std::complex<float> CPU
std::complex<double> CPU

InputParameters

queue Device queuewhere calculations will be performed.

jobu Must be jobsvd::vectors, job::somevec, jobsvd::vectorsina, or job::novec. Specifies options for
computing all or part of thematrix U.

If jobu = jobsvd::vectors, all m columns of U are returned in the array u;

if jobu = job::somevec, the first min(m, n) columns of U (the left singular vectors) are returned in the
array u;

if jobu = jobsvd::vectorsina, the first min(m, n) columns of U (the left singular vectors) are overwrit-
ten on the array a;

if jobu = job::novec, no columns of U (no left singular vectors) are computed.

jobvt Must be jobsvd::vectors, job::somevec, jobsvd::vectorsina, or job::novec. Specifies options
for computing all or part of thematrixVT/VH.

If jobvt = jobsvd::vectors, all n columns ofVT/VH are returned in the array vt;

if jobvt = job::somevec, the first min(m, n) columns ofVT/VH (the left singular vectors) are returned
in the array vt;

if jobvt = jobsvd::vectorsina, the first min(m, n) columns of VT/VH (the left singular vectors) are
overwritten on the array a;

if jobvt = job::novec, no columns ofVT/VH (no left singular vectors) are computed.

jobvt and jobu cannot both be jobsvd::vectorsina.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n).

a Pointer to array a, size (lda,*). The second dimension of amust be at least max(1, n).

lda The leading dimension of a.

ldu The leading dimension of u.

ldvt The leading dimension of vt.

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the gesvd_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.
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OutputParameters

a On exit,

If jobu = jobsvd::vectorsina, a is overwritten with the first min(m,n) columns of U (the left singular
vectors stored columnwise);

If jobvt = jobsvd::vectorsina, a is overwrittenwith the first min(m, n) rowsof VT/VH (the right singu-
lar vectors stored rowwise);

If jobu ≠ jobsvd::vectorsina and jobvt ≠ jobsvd::vectorsina, the contents of a are destroyed.

s Arraycontaining thesingular values, sizeat leastmax(1, min(m,n)). Contains thesingular valuesofAsorted
so that s(i) ≥ s(i+1).

u Array containing U; the second dimension of umust be at least max(1, m) if jobu = jobsvd::vectors, and
at least max(1, min(m, n)) if jobu = job::somevec.

If jobu = jobsvd::vectors, u contains them-by-m orthogonal/unitarymatrix U.

If jobu = job::somevec, u contains the first min(m, n) columns of U (the left singular vectors stored
column-wise).

If jobu = job::novec or jobsvd::vectorsina, u is not referenced.

vt Array containing VT; the second dimension of vt must be at least max(1, n).

If jobvt = jobsvd::vectors, vt contains the n-by-n orthogonal/unitarymatrix VT/VH.

Ifjobvt = job::somevec, vt contains thefirstmin(m, n) rowsofVT/VH (the right singular vectors stored
row-wise).

If jobvt = job::novec or jobsvd::vectorsina, vt is not referenced.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

canobtain the info codeof the problemusing theget_info()methodof the
exception object:
If info = -i, the i-th parameter had an illegal value.
If info = i, then if bdsqr did not converge, i specifies how many super-
diagonals of the intermediate bidiagonal form B did not converge to zero,
andscratchpad(2:min(m,n))contains theunconvergedsuperdiagonal
elements of an upper bidiagonal matrix Bwhose diagonal is in s (not nec-
essarily sorted). B satisfies A = U*B*VT, so it has the same singular values
as A, and singular vectors related by U and VT.
If info is equal to the value passed as scratchpad size, and get_detail()
returns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the get_-
detail() method of the exception object.
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ReturnValues

Output event to wait on to ensure computation is complete.

11.20 gesvd_scratchpad_size

Computes size of scratchpadmemory required for gesvd (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.20.1 Description

Computes the number of elements of typeT the scratchpadmemory to be passed to the gesvd (buffer orUSM
version) function should be able to hold.

11.20.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t gesvd_scratchpad_size(sycl::queue &queue,
mkl::jobsvd jobu,
mkl::jobsvd jobvt,
std::int64_t m,
std::int64_t n,
std::int64_t lda,
std::int64_t ldu,
std::int64_t ldvt)

}

InputParameters

queue Device queuewhere calculations by the gesvd (buffer or USMversion) function will be performed.

jobu Must be jobsvd::vectors, jobsvd::somevec, jobsvd::vectorsina, or jobsvd::novec. Specifies op-
tions for computing all or part of thematrix U.

If jobu = jobsvd::vectors, all m columns of U are returned in the array u;

if jobu = jobsvd::somevec, the first min(m, n) columns of U (the left singular vectors) are returned in
the array u;

if jobu = jobsvd::vectorsina, the first min(m, n) columns of U (the left singular vectors) are overwrit-
ten on the array a;

if jobu = jobsvd::novec, no columns of U (no left singular vectors) are computed.
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jobvt Must be jobsvd::vectors, jobsvd::somevec, jobsvd::vectorsina, or jobsvd::novec. Specifies
options for computing all or part of thematrixVT/VH.

If jobvt = jobsvd::vectors, all n columns ofVT/VH are returned in the array vt;

if jobvt = jobsvd::somevec, the first min(m, n) columns of VT/VH (the left singular vectors) are re-
turned in the array vt;

if jobvt = jobsvd::vectorsina, the first min(m, n) columns of VT/VH (the left singular vectors) are
overwritten on the array a;

if jobvt = jobsvd::novec, no columns ofVT/VH (no left singular vectors) are computed.

jobvt and jobu cannot both be job::overwritevec.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n).

lda The leading dimension of a.

ldu The leading dimension of u.

ldvt The leading dimension of vt.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

Youcandetermine thepositionof the incorrect argumentby theget_info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the gesvd (buffer or USM version)
function should be able to hold.

11.21 getrf

Computes the LU factorization of a general m-by-n matrix. This routine belongs to the oneapi::mkl::lapack
namespace.

• Description

• API

390



Intel® oneAPIMath Kernel Library

11.21.1 Description

The routine computes the LU factorization of a general m-by-nmatrix A as

A = P*L*U,

where P is a permutationmatrix, L is lower triangularwith unit diagonal elements (lower trapezoidal if m > n) and
U is upper triangular (upper trapezoidal if m < n). The routine uses partial pivoting, with row interchanges.

11.21.2 API

Syntax

namespace oneapi::mkl::lapack {
void getrf(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &ipiv,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

getrf supports the following precisions and devices.

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.
m The number of rows in thematrix A (0 ≤ m).
n The number of columns in A(0 ≤ n).
a Buffer holding array holding inputmatrixA. The seconddimensionof amust be at leastmax(1,

n).
lda The leading dimension of a.
scratch-
pad

Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratch-
pad_size

Size of scratchpad memory as a number of floating point elements of type T. Size should not
be less than the value returned by the getrf_scratchpad_size function.
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OutputParameters

a Overwritten by L and U. The unit diagonal elements of L are not stored.
ipiv Buffer holding array of size at least max(1,min(m, n)). Contains the pivot indices; for 1 ≤ i ≤

min(m, n), row iwas interchangedwith row ipiv(i).
info Buffer containing error information. If info=0, execution is successful. If info=-i, the i-th param-

eter had an illegal value. If info=i, uii is 0. The factorization has been completed, but U is exactly
singular. Division by 0will occur if you use the factor U for solving a system of linear equations.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
Ifinfo = i,uii is0. The factorizationhasbeencompleted,butU isexactly
singular. Division by0will occur if you use the factor U for solving a system
of linear equations.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

11.22 getrf (USMVersion)

Computes the LU factorization of a general m-by-n matrix. This routine belongs to the oneapi::mkl::lapack
namespace.

• Description

• API

11.22.1 Description

The routine computes the LU factorization of a general m-by-nmatrix A as

A = P ∗ L ∗ U,

where P is a permutationmatrix, L is lower triangularwith unit diagonal elements (lower trapezoidal if m > n) and
U is upper triangular (upper trapezoidal if m < n). The routine uses partial pivoting, with row interchanges.
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11.22.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event getrf(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
T *a,
std::int64_t lda,
std::int64_t *ipiv,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

getrf (USMversion) supports the following precisions and devices:

T Devices supported
float CPU, GPU
double CPU, GPU
std::complex<float> CPU, GPU
std::complex<double> CPU, GPU

InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n).

a Pointer to the array holding inputmatrix A. The second dimension of amust be at least max(1, n).

lda The leading dimension of a.

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the getrf_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a Overwritten by L and U. the unit diagonal elements of L are not stored.

ipiv Array, size at least max(1,min(m,n)).

Contains the pivot indices; for 1 ≤ i ≤ min(m,n), row iwas interchangedwith row ipiv(i).
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
Ifinfo = i,uii is0. The factorizationhasbeencompleted,butU isexactly
singular. Division by0will occur if you use the factor U for solving a system
of linear equations.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.23 getrf_batch (BufferStridedVersion)

Computes the batch of LU factorizations of a batch of general m-by-n matrices. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.23.1 Description

The routine computes the LU factorizations of a batch of general m-by-nmatrices Ai, as:

Ai = Pi × Li × Ui

Where Pi is a permutation matrix, Li is lower triangular with unit diagonal elements (lower trapezoidal if m > n)
and Ui is upper triangular (upper trapezoidal if m < n). The routine uses partial pivotingwith row interchanges.

11.23.2 API

Syntax
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namespace oneapi::mkl::lapack {
void getrf_batch(

sycl::queue &queue,
std::int64_t m,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
std::int64_t stride_a,
sycl::buffer<std::int64_t> &ipiv,
std::int64_t stride_ipiv,
std::int64_t batch_size,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrices Ai (0 ≤ m).

n The number of columns in thematrices Ai (0 ≤ n).

a Array holding inputmatrices Ai.

lda The leading dimension of Ai .

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

stride_ipiv The stride between the beginnings of arrays ipivi inside the array ipiv.

batch_size The number of problems in a batch.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by getrf_batch_scratchpad_size (StridedVersion).
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OutputParameters

a Overwritten by Li and Ui. The unit diagnonal elements of Li are not stored.

ipiv Array containing the batch of the pivot indices ipivi each of size at least max(1,min(m,n)); for 1 ≤ k ≤
min(m,n), row k of Ai was interchangedwith row ipivi(k).

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.
Ifinfo is zero, then thediagonal elementof someofUi is zero, and thesolve
could not be completed. The indexes of suchmatrices in the batch canbe
obtained with the ids()method of the exception object. You can obtain
the indexes of the first zero diagonal elements in these Ui matrices using
the infos()method of the exception object.

11.24 getrf_batch (GroupVersion)

Computes the batch of LU factorizations of a batch of general m-by-n matrices. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.24.1 Description

The routine computes the LU factorizations of a batch of general m-by-nmatrices Ai, (iϵ{1...batch_size}) as

Ai = Pi × Li × Ui

Where Pi is a permutation matrix, Li is lower triangular with unit diagonal elements (lower trapezoidal if m > n)
and Ui is upper triangular (upper trapezoidal if m < n). The routine uses partial pivotingwith row interchanges.

Total number of problems to solve, batch_size, is a sum of sizes of all of the groups of parameters as provided
by group_sizes array.
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11.24.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event getrf_batch(sycl::queue &queue,
std::int64_t *m,
std::int64_t *n,
T **a,
std::int64_t *lda,
std::int64_t **ipiv,
std::int64_t group_count,
std::int64_t *group_sizes,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

m Array of group_count parameters mg specifying the number of rows in the matrices Ai (0 ≤ mg) belonging
to group g.

n Arrayofgroup_countparametersng specifying thenumberofcolumns in thematricesAi (0 ≤ ng)belonging
to group g.

a Array of batch_size pointers to inputmatricesAi.

lda Array of group_count parameters ldag specifying the leading dimension of Ai belonging to group g.

group_count Specifies the number of groups of parameters. Must be at least 0.

group_sizes Array of group_count integers. Array element with index g specifies the number of problems to
solve for each of the groups of parameters g. So the total number of problems to solve, batch_size, is a
sum of all parameter group sizes.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of typeT. Size should not
be less then the value returned by getrf_batch_scratchpad_size (GroupVersion).

events List of events to wait for before starting computation. Defaults to empty list.
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OutputParameters

a Matrices pointed to by array a are overwritten by Li and Ui. The unit diagnonal elements of Li are not stored.

ipiv Arrays of batch_size pointers to arrays containing pivot indices ipivi each of size at least max(1,min(mg,
ng)); for 1 ≤ k ≤ min(mg,ng), row k of Ai was interchangedwith row ipivi(k).

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.
Ifinfo is zero, then thediagonal elementof someofUi is zero, and thesolve
could not be completed. The indexes of suchmatrices in the batch canbe
obtained with the ids()method of the exception object. You can obtain
the indexes of the first zero diagonal elements in these Ui matrices using
the infos()method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.25 getrf_batch (USMStridedVersion)

Computes the batch of LU factorizations of a batch of general m-by-n matrices. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.25.1 Description

The routine computes the LU factorizations of a batch of general m-by-nmatrices Ai, as

Ai = Pi × Li × Ui

Where Pi is a permutation matrix, Li is lower triangular with unit diagonal elements (lower trapezoidal if m > n)
and Ui is upper triangular (upper trapezoidal if m < n). The routine uses partial pivotingwith row interchanges.
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11.25.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event getrf_batch(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
T *a,
std::int64_t lda,
std::int64_t stride_a,
std::int64_t *ipiv,
std::int64_t stride_ipiv,
std::int64_t batch_size,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrices Ai (0 ≤ m).

n The number of columns in thematrices Ai (0 ≤ n).

a Array holding inputmatrices Ai.

lda The leading dimension of Ai .

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

stride_ipiv The stride between the beginnings of arrays ipivi inside the array ipiv.

batch_size The number of problems in a batch.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by getrf_batch_scratchpad_size (StridedVersion).

events List of events to wait for before starting computation. Defaults to empty list.
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OutputParameters

a Overwritten by Li and Ui. The unit diagnonal elements of Li are not stored.

ipiv Array containing the batch of the pivot indices ipivi each of size at least max(1,min(m,n)); for 1 ≤ k ≤
min(m,n), row k of Ai was interchangedwith row ipivi(k).

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.
Ifinfo is zero, then thediagonal elementof someofUi is zero, and thesolve
could not be completed. The indexes of suchmatrices in the batch canbe
obtained with the ids()method of the exception object. You can obtain
the indexes of the first zero diagonal elements in these Ui matrices using
the infos()method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.26 getrf_batch_scratchpad_size (GroupVersion)

Computes size of scratchpad memory required for getrf_batch (Group Version) function. This routine be-
longs to the oneapi::mkl::lapack namespace.

• Description

• API

11.26.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the getrf_batch (Group
Version) function should be able to hold.
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11.26.2 API

Syntax

namespace oneapi::mkl::lapack {
std::int64_t getrf_batch_scratchpad_size(sycl::queue &queue,
std::int64_t *m,
std::int64_t *n,
std::int64_t *lda,
std::int64_t group_count,
std::int64_t *group_sizes)

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

m Array of group_count parameters mg specifying the number of rows in thematrices belonging to group g.

n Array of group_count parameters ng specifying the number of columns in the matrices belonging to group
g.

lda Array of group_count parameters ldag specifying the leading dimension of the matrices belonging to
group g.

group_count Specifies the number of groups of parameters. Must be at least 0.

group_sizes Array of group_count integers. Array element with index g specifies the number of problems to
solve for each of the groups of parameters g. So the total number of problems to solve, batch_size, is a
sum of all parameter group sizes.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.
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ReturnValues

The number of elements of type T the scratchpad memory to be passed to the getrf_batch (Group Version)
function should be able to hold.

11.27 getrf_batch_scratchpad_size (StridedVersion)

Computes size of scratchpad memory required for getrf_batch (Strided Version) function. This routine be-
longs to the oneapi::mkl::lapack namespace.

• Description

• API

11.27.1 Description

Computes thenumberof elementsof typeT the scratchpadmemory tobepassed to thegetrf_batch (Strided
Version) function should be able to hold.

11.27.2 API

Syntax

namespace oneapi::mkl::lapack {
std::int64_t getrf_batch_scratchpad_size(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
std::int64_t lda,
std::int64_t stride_a,
std::int64_t stride_ipiv,
std::int64_t batch_size)

}

InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrices Ai (0 ≤ m).

n The number of columns in thematrices Ai (0 ≤ n).

lda The leading dimension of Ai .

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

stride_ipiv The stride between the beginnings of arrays ipivi inside the array ipiv.

batch_size The number of problems in a batch.

402



Intel® oneAPIMath Kernel Library

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpadmemory to be passed to the getrf_batch (StridedVersion)
function should be able to hold.

11.28 getrf_scratchpad_size

Computes size of scratchpadmemory required for getrf (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.28.1 Description

Computes the number of elements of typeT the scratchpadmemory to be passed to the getrf (buffer orUSM
version) function should be able to hold.

11.28.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t getrf_scratchpad_size(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
std::int64_t lda)

}

InputParameters

queue Device queuewhere calculations by the getrf (buffer or USMversion) function will be performed.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n).

lda The leading dimension of a.
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the getrf (buffer or USM version)
function should be able to hold.

11.29 getrfnp_batch (BufferStridedVersion)

Computes the batch of LU factorizations of a batch of general m-by-n matrices. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.29.1 Description

The routine computes the LU factorizations of a batch of general m-by-nmatrices Ai, as:

Ai = Li × Ui

Where Li is lower triangular with unit diagonal elements (lower trapezoidal if m > n) and Ui is upper triangular
(upper trapezoidal if m < n). The routine does not perform any pivoting.

11.29.2 API

Syntax

namespace oneapi::mkl::lapack {
void getrfnp_batch(

sycl::queue &queue,
std::int64_t m,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
std::int64_t stride_a,
std::int64_t batch_size,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}
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This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrices Ai (m ≥ 0).

n The number of columns in thematrices Ai (n ≥ 0).

a Array holding inputmatrices Ai.

lda The leading dimension of Ai .

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

batch_size The number of problems in a batch.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by getrfnp_batch_scratchpad_size (StridedVersion).

OutputParameters

a Overwritten by Li and Ui. The unit diagnonal elements of Li are not stored.

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.
Ifinfo is zero, then thediagonal elementof someofUi is zero, and thesolve
could not be completed. The indexes of suchmatrices in the batch canbe
obtained with the ids()method of the exception object. You can obtain
the indexes of the first zero diagonal elements in these Ui matrices using
the infos()method of the exception object.
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11.30 getrfnp_batch (GroupVersion)

Computes the batch of LU factorizations of a batch of general m-by-n matrices. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.30.1 Description

The routine computes the LU factorizations of a batch of general m-by-nmatrices Ai, (iϵ{1...batch_size}) as

Ai = Li × Ui

Where Li is lower triangular with unit diagonal elements (lower trapezoidal if m > n) and Ui is upper triangular
(upper trapezoidal if m < n). The routine does not perform any pivoting.

Total number of problems to solve, batch_size, is a sum of sizes of all of the groups of parameters as provided
by group_sizes array.

11.30.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event getrfnp_batch(sycl::queue &queue,
std::int64_t *m,
std::int64_t *n,
T **a,
std::int64_t *lda,
std::int64_t group_count,
std::int64_t *group_sizes,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU
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InputParameters

queue Device queuewhere calculations will be performed.

m Array of group_count parameters mg specifying the number of rows in the matrices Ai (0 ≤ mg) belonging
to group g.

n Arrayofgroup_countparametersng specifying thenumberofcolumns in thematricesAi (0 ≤ ng)belonging
to group g.

a Array of batch_size pointers to inputmatrices Ai.

lda Array of group_count parameters ldag specifying the leading dimension of Ai belonging to group g.

group_count Specifies the number of groups of parameters. Must be at least 0.

group_sizes Array of group_count integers. Array element with index g specifies the number of problems to
solve for each of the groups of parameters g. So the total number of problems to solve, batch_size, is a
sum of all parameter group sizes.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of typeT. Size should not
be less then the value returned by getrfnp_batch_scratchpad_size (GroupVersion).

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a Matrices pointed to by array a are overwritten by Li and Ui. The unit diagnonal elements of Li are not stored.

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.
Ifinfo is zero, then thediagonal elementof someofUi is zero, and thesolve
could not be completed. The indexes of suchmatrices in the batch canbe
obtained with the ids()method of the exception object. You can obtain
the indexes of the first zero diagonal elements in these Ui matrices using
the infos()method of the exception object.
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ReturnValues

Output event to wait on to ensure computation is complete.

11.31 getrfnp_batch (USMStridedVersion)

Computes the batch of LU factorizations of a batch of general m-by-n matrices. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.31.1 Description

The routine computes the LU factorizations of a batch of general m-by-nmatrices Ai, as

Ai = Li × Ui

Where Li is lower triangular with unit diagonal elements (lower trapezoidal if m > n) and Ui is upper triangular
(upper trapezoidal if m < n). The routine does not perform any pivoting.

11.31.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event getrfnp_batch(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
T *a,
std::int64_t lda,
std::int64_t stride_a,
std::int64_t batch_size,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU
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InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrices Ai (0 ≤ m).

n The number of columns in thematrices Ai (0 ≤ n).

a Array holding inputmatrices Ai.

lda The leading dimension of Ai .

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

batch_size The number of problems in a batch.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by getrfnp_batch_scratchpad_size (StridedVersion).

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a Overwritten by Li and Ui. The unit diagnonal elements of Li are not stored.

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.
Ifinfo is zero, then thediagonal elementof someofUi is zero, and thesolve
could not be completed. The indexes of suchmatrices in the batch canbe
obtained with the ids()method of the exception object. You can obtain
the indexes of the first zero diagonal elements in these Ui matrices using
the infos()method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.
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11.32 getrfnp_batch_scratchpad_size (GroupVersion)

Computes size of scratchpadmemory required for getrfnp_batch (GroupVersion) function. This routine be-
longs to the oneapi::mkl::lapack namespace.

• Description

• API

11.32.1 Description

Computes thenumberofelementsof typeT thescratchpadmemory tobepassed to thegetrfnp_batch(Group
Version) function should be able to hold.

11.32.2 API

Syntax

namespace oneapi::mkl::lapack {
std::int64_t getrfnp_batch_scratchpad_size(sycl::queue &queue,
std::int64_t *m,
std::int64_t *n,
std::int64_t *lda,
std::int64_t group_count,
std::int64_t *group_sizes)

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

m Array of group_count parameters mg specifying the number of rows in thematrices belonging to group g.

n Array of group_count parameters ng specifying the number of columns in the matrices belonging to group
g.

lda Array of group_count parameters ldag specifying the leading dimension of the matrices belonging to
group g.

group_count Specifies the number of groups of parameters. Must be at least 0.
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group_sizes Array of group_count integers. Array element with index g specifies the number of problems to
solve for each of the groups of parameters g. So the total number of problems to solve, batch_size, is a
sum of all parameter group sizes.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

Thenumber of elements of type T the scratchpadmemory to bepassed to thegetrfnp_batch (GroupVersion)
function should be able to hold.

11.33 getrfnp_batch_scratchpad_size (StridedVersion)

Computes size of scratchpadmemory required forgetrfnp_batch (StridedVersion) function. This routinebe-
longs to the oneapi::mkl::lapack namespace.

• Description

• API

11.33.1 Description

Computes the number of elements of type T the scratchpad memory to be passed to the getrfnp_batch
(StridedVersion) function should be able to hold.

11.33.2 API

Syntax

namespace oneapi::mkl::lapack {
std::int64_t getrfnp_batch_scratchpad_size(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
std::int64_t lda,
std::int64_t stride_a,
std::int64_t batch_size)

}
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InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrices Ai (0 ≤ m).

n The number of columns in thematrices Ai (0 ≤ n).

lda The leading dimension of Ai .

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

batch_size The number of problems in a batch.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the getrfnp_batch (Strided Ver-
sion) function should be able to hold.

11.34 getri

Computes the inverse of an LU-factored general matrix determined by getrf. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.34.1 Description

The routine computes the inverse inv(A) of a general matrix A. Before calling this routine, call getrf to factorize
A.

11.34.2 API

Syntax

412



Intel® oneAPIMath Kernel Library

namespace oneapi::mkl::lapack {
void getri(sycl::queue &queue,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &ipiv,
sycl::buffer<T> &scratchpad, std::int64_t scratchpad_size)

}

getri supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

n The order of thematrix A(0 ≤ n).

a The buffer returned by getrf. Must be of size at least lda*max(1,n).

lda The leading dimension of a (n ≤ lda).

ipiv Buffer holding the array as returned by getrf. The dimension of the arraymust be at least max(1, n).

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the getri_scratchpad_size function.

OutputParameters

a Overwritten by the n-by-nmatrix A.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.
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KnownLimitations

• GPU support is for only real precisions.

• For GPU support, errors are reported through the info parameter, but computation does not halt for an
algorithmic error.

11.35 getri (USMVersion)

Computes the inverse of an LU-factored general matrix determined by getrf (USMVersion). This routine be-
longs to the oneapi::mkl::lapack namespace.

• Description

• API

11.35.1 Description

The routine computes the inverse inv(A) of a general matrix A. Before calling this routine, call getrf (USMVer-
sion) to factorize A.

11.35.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event getri(sycl::queue &queue,
std::int64_t n,
T *a,
std::int64_t lda,
std::int64_t *ipiv,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

getri (USMversion) supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU
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InputParameters

queue Device queuewhere calculations will be performed.

n The order of thematrix A(0 ≤ n).

a The pointer returned by getrf (USMVersion). Must be of size at least lda*max(1,n).

lda The leading dimension of a (n ≤ lda).

ipiv The array as returned by getrf (USMVersion). The dimension of ipivmust be at least max(1, n).

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the getri_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a Overwritten by the n-by-nmatrix inv(A).

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.36 getri_batch (BufferStridedVersion)

Computes the batch of inverses of an LU-factored general matrices determined by getrf_batch (Buffer stride
version) function. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API
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11.36.1 Description

The routine computes the inverses A i
-1 of a general matrices A i. Before calling this routine, call getrf_batch

(Buffer StridedVersion) function to factorize A i.

11.36.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event getri_batch(sycl::queue &queue,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
std::int64_t stride_a,
sycl::buffer<std::int64_t> &ipiv,
std::int64_t stride_ipiv,
std::int64_t batch_size,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)
}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

n The order of thematrices Ai (0 ≤ n).

a Result of the getrf_batch (Buffer StridedVersion) function

lda The leading dimension of Ai (lda ≥ n).

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

ipiv The array as returned by getrf_batch (Buffer StridedVersion).

stride_ipiv The stride between the beginnings of arrays ipivi inside the array ipiv.

batch_size The number of problems in a batch.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpad memory as a number of floating point elements of type T. Size should
not be less than the value returned by stride version of getri_batch_scratchpad_size (Strided Version)
function.
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OutputParameters

a Overwritten by the n-by-nmatrices Ai-1.

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.

11.37 getri_batch (GroupVersion)

Computes the batch of inverses of an LU-factored general matrices determined by the getrf_batch (Group
Version) function. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.37.1 Description

The routine computes the inverses A i
-1 of a general matrices A i, iϵ{1...batch_size}. Before calling this rou-

tine, call getrf_batch (GroupVersion) function to factorize A i.

The total number of problems to solve, batch_size, is a sum of sizes of all of the groups of parameters as pro-
vided by group_sizesarray.

11.37.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event getri_batch(sycl::queue &queue,
std::int64_t *n,
T **a,
std::int64_t *lda,
std::int64_t **ipiv,
std::int64_t group_count,
std::int64_t *group_sizes,

(continues on next page)
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(continued from previous page)

T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

n Array of group_count parameters ng specifying the order of thematrices Ai (0 ≤ ng) belonging to group g.

a Result of the getrf_batch (GroupVersion) function

lda Arrayofgroup_countparameters ldag specifying the leadingdimensionofAi (ng ≤ ldag)belonging togroup
g.

ipiv The array as returned by getrf_batch (GroupVersion).

group_count Specifies the number of groups of parameters. Must be at least 0.

group_sizes Array of group_count integers. Array element with index g specifies the number of problems to
solve for each of the groups of parameters g. So the total number of problems to solve, batch_size, is a
sum of all parameter group sizes.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of typeT. Size should not
be less then the value returned by getri_batch_scratchpad_size (GroupVersion).

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a Overwritten by the ng-by-ngmatrices Ai-1.
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Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.38 getri_batch (USMStridedVersion)

Computes the batch of inverses of an LU-factored general matrices determined by getrf_batch (USM stride
version) function. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.38.1 Description

The routine computes the inverses A i
-1 of a general matrices A i. Before calling this routine, call getrf_batch

(USMStridedVersion) function to factorize A i.

11.38.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event getri_batch(sycl::queue &queue,
std::int64_t n,
T *a,

std::int64_t lda,
std::int64_t stride_a,
std::int64_t *ipiv,
std::int64_t stride_ipiv,
std::int64_t batch_size,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})
}

419



Intel® oneAPIMath Kernel Library

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

n The order of thematrices Ai (0 ≤ n).

a Result of the getrf_batch (USMStridedVersion) function

lda The leading dimension of Ai (n ≤ lda).

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

ipiv The array as returned by getrf_batch (USMStridedVersion).

stride_ipiv The stride between the beginnings of arrays ipivi inside the array ipiv.

batch_size The number of problems in a batch.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpad memory as a number of floating point elements of type T. Size should
not be less than the value returned by stride version of getri_batch_scratchpad_size (Strided Version)
function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a Overwritten by the n-by-nmatrices Ai-1.

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.
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ReturnValues

Output event to wait on to ensure computation is complete.

11.39 getri_batch_scratchpad_size (GroupVersion)

Computes size of scratchpad memory required for getri_batch (Group Version) function. This routine be-
longs to the oneapi::mkl::lapack namespace.

• Description

• API

11.39.1 Description

Computes the number of elements of type T the scratchpad memory to be passed to the getri_batch (Group
Version) function should be able to hold.

11.39.2 API

Syntax

namespace oneapi::mkl::lapack {
std::int64_t getri_batch_scratchpad_size(sycl::queue &queue,
std::int64_t *n,
std::int64_t *lda,
std::int64_t group_count,
std::int64_t *group_sizes)

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

n Array of group_count parameters ng specifying the order of thematrices belonging to group g.

lda Array of group_count parameters ldag specifying the leading dimension of the matrices belonging to
group g.
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group_count Specifies the number of groups of parameters. Must be at least 0.

group_sizes Array of group_count integers. Array element with index g specifies the number of problems to
solve for each of the groups of parameters g. So the total number of problems to solve, batch_size, is a
sum of all parameter group sizes.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the getri_batch (Group Version)
functionmust be able to hold.

11.40 getri_batch_scratchpad_size (StridedVersion)

Computes size of scratchpad memory required for getri_batch (Strided Version) function. This routine be-
longs to the oneapi::mkl::lapack namespace.

• Description

• API

11.40.1 Description

Computes thenumber of elements of typeT the scratchpadmemory tobepassed to thegetri_batch (Strided
Version) function should be able to hold.

11.40.2 API

Syntax

namespace oneapi::mkl::lapack {
std::int64_t getri_batch_scratchpad_size(sycl::queue &queue,
std::int64_t n,
std::int64_t lda,
std::int64_t stride_a,
std::int64_t stride_ipiv,
std::int64_t batch_size)

}
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InputParameters

queue Device queuewhere calculations will be performed.

n The order of thematrices Ai (0 ≤ n).

lda The leading dimension of Ai (n ≤ lda).

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

stride_ipiv The stride between the beginnings of arrays ipivi inside the array ipiv.

batch_size The number of problems in a batch.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpadmemory to be passed to the getri_batch (StridedVersion)
function should be able to hold.

11.41 getri_batch (Out-of-place, BufferStridedVersion)

Computes the batch of inverses of an LU-factored general matrices determined by getrf_batch (Buffer stride
version) function. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.41.1 Description

The routine computes the inverses A i
-1 of a general matrices A i. Before calling this routine, call getrf_batch

(Buffer StridedVersion) function to factorize A i.

11.41.2 API

Syntax
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namespace oneapi::mkl::lapack {
sycl::event getri_batch(sycl::queue &queue,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
std::int64_t stride_a,
sycl::buffer<std::int64_t> &ipiv,
std::int64_t stride_ipiv,
sycl::buffer<T> &ainv,
std::int64_t ldainv,
std::int64_t stride_ainv,
std::int64_t batch_size,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)
}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

n The order of thematrices Ai (0 ≤ n).

a Result of the getrf_batch (Buffer StridedVersion) function

lda The leading dimension of Ai (lda ≥ n).

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

ipiv The array as returned by getrf_batch (Buffer StridedVersion).

stride_ipiv The stride between the beginnings of arrays ipivi inside the array ipiv.

ldainv The leading dimension of Ainvi (n ≤ ldainv).

stride_ainv The stride between the beginnings ofmatrices Ainvi inside the batch array ainv.

batch_size The number of problems in a batch.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpad memory as a number of floating point elements of type T. Size should
not be less than the value returned by the out-of-place, stride version of getri_batch_scratchpad_size
(StridedVersion) function.

424



Intel® oneAPIMath Kernel Library

OutputParameters

ainv Overwritten by the n-by-nmatrices Ai-1.

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.

11.42 getri_batch (Out-of-place,USMStridedVersion)

Computes the batch of inverses of an LU-factored general matrices determined by getrf_batch (USM stride
version) function. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.42.1 Description

The routine computes the inverses A i
-1 of a general matrices A i. Before calling this routine, call getrf_batch

(USMStridedVersion) function to factorize A i.

11.42.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event getri_batch(sycl::queue &queue,
std::int64_t n,
T *a,
std::int64_t lda,
std::int64_t stride_a,
std::int64_t *ipiv,
std::int64_t stride_ipiv,
T* ainv,
std::int64_t ldainv,
std::int64_t stride_ainv,

(continues on next page)
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(continued from previous page)

std::int64_t batch_size,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})
}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

n The order of thematrices Ai (0 ≤ n).

a Result of the getrf_batch (USMStridedVersion) function

lda The leading dimension of Ai (lda ≥ n).

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

ipiv The array as returned by getrf_batch (USMStridedVersion).

stride_ipiv The stride between the beginnings of arrays ipivi inside the array ipiv.

ldainv The leading dimension of Ainvi (n ≤ ldainv).

stride_ainv The stride between the beginnings ofmatrices Ainvi inside the batch array ainv.

batch_size The number of problems in a batch.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpad memory as a number of floating point elements of type T. Size should
not be less than the value returned by the out-of-place, stride version of getri_batch_scratchpad_size
(StridedVersion) function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

ainv Overwritten by the n-by-nmatrices Ai-1.
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Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.43 getri_batch_scratchpad_size (StridedVersion)

Computes size of scratchpadmemory required for getri_batch (Out-of-place, StridedVersion) function. This
routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.43.1 Description

Computes the number of elements of type T the scratchpadmemory to bepassed to the getri_batch (Out-of-
place, StridedVersion) function should be able to hold.

11.43.2 API

Syntax

namespace oneapi::mkl::lapack {
std::int64_t getri_batch_scratchpad_size(sycl::queue &queue,
std::int64_t n,
std::int64_t lda,
std::int64_t stride_a,
std::int64_t stride_ipiv,
std::int64_t ldainv,
std::int64_t stride_ainv,
std::int64_t batch_size)

}
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InputParameters

queue Device queuewhere calculations will be performed.

n The order of thematrices Ai (0 ≤ n).

lda The leading dimension of Ai (lda ≥ n).

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

stride_ipiv The stride between the beginnings of arrays ipivi inside the array ipiv.

ldainv The leading dimension of Ainvi (n ≤ ldainv).

stride_ainv The stride between the beginnings ofmatrices Ainvi inside the batch array ainv.

batch_size The number of problems in a batch.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the getri_batch (Out-of-place,
StridedVersion) function should be able to hold.

11.44 getri_scratchpad_size

Computes size of scratchpadmemory required for getri (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.44.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the getri (buffer or USM
version) functionmust be able to hold.
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11.44.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t getri_scratchpad_size(sycl::queue &queue,
std::int64_t n,
std::int64_t lda)

}

InputParameters

queue Device queuewhere calculations by the getri (buffer or USMversion) function will be performed.

n The order of thematrix A (0 ≤ n).

lda The leading dimension of a (lda ≥ n).

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the getri (buffer or USM version)
functionmust be able to hold.

11.45 getrs

Solvesasystemof linear equationswithanLU-factoredsquarecoefficientmatrix,withmultiple right-handsides.
This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

429



Intel® oneAPIMath Kernel Library

11.45.1 Description

The routine solves for X the following systems of linear equations:

Equation Condition
A*X = B if trans=mkl::transpose::nontrans
AT*X = B if trans=mkl::transpose::trans
AH*X = B if trans=mkl::transpose::conjtrans

Before calling this routine, youmust call getrf to compute the LU factorization of A.

11.45.2 API

Syntax

namespace oneapi::mkl::lapack {
void getrs(sycl::queue &queue,
mkl::transpose trans,
std::int64_t n,
std::int64_t nrhs,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &ipiv,
sycl::buffer<T> &b,
std::int64_t ldb,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

getrs supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

trans Indicates the form of the equations:

If trans=mkl::transpose::nontrans, then A*X = B is solved for X.

If trans=mkl::transpose::trans, then AT*X = B is solved for X.

If trans=mkl::transpose::conjtrans, then AH*X = B is solved for X.
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n The order of thematrix A and the number of rows inmatrix B(0 ≤ n).

nrhs The number of right-hand sides (0 ≤ nrhs).

a Buffer holding the array containing the factorization of thematrix A, as returned by getrf. The second dimen-
sion of amust be at least max(1, n).

lda The leading dimension of a.

ipiv Buffer holding array of size at least max(1, n) as returned by getrf.

b The array b contains thematrix Bwhose columns are the right-hand sides for the systems of equations. The
second dimension of bmust be at least max(1,nrhs).

ldb The leading dimension of b.

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the getrs_scratchpad_size function.

OutputParameters

b The buffer b is overwritten by the solutionmatrix X.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info = i, the i-th diagonal element of U is zero, and the solve could not
be completed.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

KnownLimitations

ForGPU support, errors are reported through the info parameter, but computation does not halt for an algorith-
mic error.
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11.46 getrs (USMVersion)

Solvesasystemof linear equationswithanLU-factoredsquarecoefficientmatrix,withmultiple right-handsides.
This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.46.1 Description

The routine solves for X the following systems of linear equations:

Equation Condition
A*X = B if trans=mkl::transpose::nontrans
AT*X = B if trans=mkl::transpose::trans
AH*X = B if trans=mkl::transpose::conjtrans

Before calling this routine, youmust call the getrf (USMVersion) function to compute the LU factorization of A.

11.46.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event getrs(sycl::queue &queue,
mkl::transpose trans,
std::int64_t n,
std::int64_t nrhs,
T *a,
std::int64_t lda,
std::int64_t *ipiv,
T *b,
std::int64_t ldb,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

getrs (USMversion) supports the following precisions and devices:

T Devices supported
float CPU, GPU
double CPU, GPU
std::complex<float> CPU, GPU
std::complex<double> CPU, GPU
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InputParameters

queue Device queuewhere calculations will be performed.

trans Indicates the form of the equations:

If trans=mkl::transpose::nontrans, then A*X = B is solved for X.

If trans=mkl::transpose::trans, then AT*X = B is solved for X.

If trans=mkl::transpose::conjtrans, then AH*X = B is solved for X.

n The order of thematrix A and the number of rows inmatrix B(0 ≤ n).

nrhs The number of right-hand sides (0 ≤ nrhs).

a Pointer to the array containing the factorization of the matrix A, as returned by getrf (USM Version). The
second dimension of amust be at least max(1, n).

lda The leading dimension of a.

ipiv Array, size at least max(1, n). The ipiv array, as returned by getrf (USMVersion).

b The array b contains thematrix Bwhose columns are the right-hand sides for the systems of equations. The
second dimension of bmust be at least max(1,nrhs).

ldb The leading dimension of b.

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the getrs_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

b The buffer b is overwritten by the solutionmatrix X.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info = i, the i-th diagonal element of U is zero, and the solve could not
be completed.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.
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ReturnValues

Output event to wait on to ensure computation is complete.

11.47 getrs_batch (BufferStridedVersion)

Solves a batch of linear equations with an LU-factored square coefficient matrices, with multiple right-hand
sides. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.47.1 Description

The routine solves for Xi the following systems of linear equations:

• Ai * Xi = Bi If trans = mkl::transpose::notrans

• AiT * Xi = Bi If trans = mkl::transpose::trans

• AiH * Xi = Bi If trans = mkl::transpose::conjtrans

Before calling this routine youmust call getrf_batch (Buffer StridedVersion) to compute the LU factorization
of A i.

11.47.2 API

Syntax

namespace oneapi::mkl::lapack {
void getrs_batch(sycl::queue &queue,
mkl::transpose trans,
std::int64_t n,
std::int64_t nrhs,
sycl::buffer<T> &a,
std::int64_t lda,
std::int64_t stride_a,
sycl::buffer<std::int64_t> &ipiv,
std::int64_t stride_ipiv,
sycl::buffer<T> &b,
std::int64_t ldb,
std::int64_t stride_b,
std::int64_t batch_size,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}
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This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

trans Indicates the form of the equations:

If trans =mkl::transpose::nontrans, then Ai*Xi = Bi is solved for Xi.

If trans =mkl::transpose::trans, then AiT*Xi = Bi is solved for Xi.

If trans =mkl::transpose::conjtrans, then AiH*Xi = Bi is solved for Xi.

n The order of thematrices Ai and the number of rows inmatrices Bi (0 ≤ n).

nrhs The number of right hand sides (0 ≤ nrhs).

a Array containing the factorizations of thematrices Ai, as returned by getrf_batch (Buffer StridedVersion).

lda The leading dimension of Ai.

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

ipiv The ipiv array, as returned by getrf_batch (Buffer StridedVersion).

stride_ipiv The stride between the beginnings of arrays ipivi inside the array ipiv.

b The array containing thematrices Bi whose columns are the right-hand sides for the systems of equations.

ldb The leading dimensions of Bi.

stride_b The stride between the beginnings ofmatrices Bi inside the batch array b.

batch_size The number of problems in a batch.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpad memory as a number of floating point elements of type T. Size should
not be less then the value returned by stride version of getrs_batch_scratchpad_size (StridedVersion)
function.

OutputParameters

b Overwritten by the solutionmatrices Xi.

435



Intel® oneAPIMath Kernel Library

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.
Ifinfo is zero, then thediagonal elementof someofUi is zero, and thesolve
could not be completed. The indexes of suchmatrices in the batch canbe
obtained with the ids()method of the exception object. You can obtain
the indexes of the first zero diagonal elements in these Ui matrices using
the infos()method of the exception object.

11.48 getrs_batch (GroupVersion)

Solves a batch of systems of linear equationswith a batch of LU-factored square coefficientmatrices, withmul-
tiple right-hand sides. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.48.1 Description

The routine solves for Xi (iϵ{1...batch_size}) the following systems of linear equations:

• Ai * Xi = Bi If trans = mkl::transpose::notrans

• AiT * Xi = Bi If trans = mkl::transpose::trans

• AiH * Xi = Bi If trans = mkl::transpose::conjtrans

Before calling this routine youmust call getrf_batch (GroupVersion) to compute the LU factorization of A i.

The total number of problems to solve, batch_size, is a sum of sizes of all of the groups of parameters as pro-
vided by“group_sizes“ array.
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11.48.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event getrs_batch(sycl::queue &queue,
mkl::transpose *trans,
std::int64_t *n,
std::int64_t *nrhs,
T **a,
std::int64_t *lda,
std::int64_t **ipiv,
T **b,
std::int64_t *ldb,
std::int64_t group_count,
std::int64_t *group_sizes,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

trans Array of group_count parameters transg indicating the form of the equations for the group g:

If trans =mkl::transpose::nontrans, then Ai*Xi = Bi is solved for Xi.

If trans =mkl::transpose::trans, then AiT*Xi = Bi is solved for Xi.

If trans =mkl::transpose::conjtrans, then AiH*Xi = Bi is solved for Xi.

n Array of group_count parameters ng specifying the order of thematrices Ai and the number of rows inmatri-
ces Bi (0 ≤ ng) belonging to group g.

nrhs Array of group_count parameters nrhsg specifying the number of right hand sides(0 ≤ nrhs)for group
g.

a Array of batch_sizepointers to factorization of thematricesAi, as returnedbygetrf_batch (GroupVersion).

lda Array of group_count parameters ldag specifying the leading dimension of Ai from group g.

ipiv The ipiv array, as returned by getrf_batch (GroupVersion).
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b The array containing@ batch_size pointers to the matrices Bi whose columns are the right-hand sides for
the systems of equations.

ldb Array of group_count parameters ldbg specifying the leading dimensions of Bi in the group g.

group_count Specifies the number of groups of parameters. Must be at least 0.

group_sizes Array of group_count integers. Array element with index g specifies the number of problems to
solve for each of the groups of parameters g. So the total number of problems to solve, batch_size, is a
sum of all parameter group sizes.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of typeT. Size should not
be less then the value returned by getrs_batch_scratchpad_size (GroupVersion).

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

b Overwritten by the solutionmatrices Xi.

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.
Ifinfo is zero, then thediagonal elementof someofUi is zero, and thesolve
could not be completed. The indexes of suchmatrices in the batch canbe
obtained with the ids()method of the exception object. You can obtain
the indexes of the first zero diagonal elements in these Ui matrices using
the infos()method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.
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11.49 getrs_batch (USMStridedVersion)

Solves a system of linear equations with a batch of LU-factored square coefficient matrices, with multiple right-
hand sides. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.49.1 Description

The routine solves for Xi the following systems of linear equations:

• Ai * Xi = Bi If trans = mkl::transpose::notrans

• AiT * Xi = Bi If trans = mkl::transpose::trans

• AiH * Xi = Bi If trans = mkl::transpose::conjtrans

Before calling this routine youmust callgetrf_batch (USMStridedVersion) to compute the LU factorization of
A i.

11.49.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event getrs_batch(sycl::queue &queue,
mkl::transpose trans,
std::int64_t n,
std::int64_t nrhs,
T *a,
std::int64_t lda,
std::int64_t stride_a,
std::int64_t *ipiv,
std::int64_t stride_ipiv,
T *b,
std::int64_t ldb,
std::int64_t stride_b,
std::int64_t batch_size,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU
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InputParameters

queue Device queuewhere calculations will be performed.

trans Indicates the form of the equations:

If trans =mkl::transpose::nontrans, then Ai*Xi = Bi is solved for Xi.

If trans =mkl::transpose::trans, then AiT*Xi = Bi is solved for Xi.

If trans =mkl::transpose::conjtrans, then AiH*Xi = Bi is solved for Xi.

n The order of thematrices Ai and the number of rows inmatrices Bi (0 ≤ n).

nrhs The number of right hand sides (0 ≤ nrhs).

a Array containing the factorizations of thematrices Ai, as returned by getrf_batch (USMStridedVersion).

lda The leading dimension of Ai.

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

ipiv The ipiv array, as returned by getrf_batch (USMStridedVersion).

stride_ipiv The stride between the beginnings of arrays ipivi inside the array ipiv.

b The array containing thematrices Bi whose columns are the right-hand sides for the systems of equations.

ldb The leading dimensions of Bi.

stride_b The stride between the beginnings ofmatrices Bi inside the batch array b.

batch_size The number of problems in a batch.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpad memory as a number of floating point elements of type T. Size should
not be less then the value returned by stride version of getrs_batch_scratchpad_size (StridedVersion)
function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

b Overwritten by the solutionmatrices Xi.
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Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:

If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and de-
tail() returns non-zero, then the passed scratchpad is of insuf-
ficient size, and the required size should be not less then value
returned by the detail() method of the exception object.
If info is zero, then the diagonal element of some of Ui is zero,
and the solve could not be completed. The indexes of such
matrices in the batch can be obtained with the ids()method
of the exception object. You can obtain the indexes of the first
zero diagonal elements in these Uimatrices using the infos()
method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.50 getrs_batch_scratchpad_size (GroupVersion)

Computes size of scratchpad memory required for getrs_batch (Group Version) function. This routine be-
longs to the oneapi::mkl::lapack namespace.

• Description

• API

11.50.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the getrs_batch (Group
Version) functionmust be able to hold.

11.50.2 API

Syntax
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namespace oneapi::mkl::lapack {
std::int64_t getrs_batch_scratchpad_size(sycl::queue &queue,
mkl::transpose *trans,
std::int64_t *n,
std::int64_t *nrhs,
std::int64_t *lda,
std::int64_t *ldb,
std::int64_t group_count,
std::int64_t *group_sizes)

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

trans Array of group_count parameters transg indicating the form of the equations for the group g:

If trans =mkl::transpose::nontrans, then Ai*Xi = Bi is solved for Xi.

If trans =mkl::transpose::trans, then AiT*Xi = Bi is solved for Xi.

If trans =mkl::transpose::conjtrans, then AiH*Xi = Bi is solved for Xi.

n Array of group_count parameters ng specifying the order of thematrices Ai and the number of rows inmatri-
ces Bi (0 ≤ ng) belonging to group g.

nrhs Array of group_count parameters nrhsg specifying the number of right hand sides (0 ≤ nrhsg) for
group g.

lda Array of group_count parameters ldag specifying the leading dimension of Ai from group g.

ldb Array of group_count parameters ldbg specifying the leading dimension of Bi from group g.

group_count Specifies the number of groups of parameters. Must be at least 0.

group_sizes Array of group_count integers. Array element with index g specifies the number of problems to
solve for each of the groups of parameters g. So the total number of problems to solve, batch_size, is a
sum of all parameter group sizes.
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the getrs_batch (Group Version)
functionmust be able to hold.

11.51 getrs_batch_scratchpad_size (StridedVersion)

Computes size of scratchpad memory required for getrs_batch (Strided Version) function. This routine be-
longs to the oneapi::mkl::lapack namespace.

• Description

• API

11.51.1 Description

Computes thenumber of elements of typeT the scratchpadmemory tobepassed to thegetrs_batch (Strided
Version) functionmust be able to hold.

11.51.2 API

Syntax

namespace oneapi::mkl::lapack {
std::int64_t getrs_batch_scratchpad_size(sycl::queue &queue,
mkl::transpose trans,
std::int64_t n,
std::int64_t nrhs,
std::int64_t lda,
std::int64_t stride_a,
std::int64_t stride_ipiv,
std::int64_t ldb,
std::int64_t stride_b,
std::int64_t batch_size)

}
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InputParameters

queue Device queuewhere calculations will be performed.

trans Indicates the form of the equations:

If trans =mkl::transpose::nontrans, then Ai*Xi = Bi is solved for Xi.

If trans =mkl::transpose::trans, then AiT*Xi = Bi is solved for Xi.

If trans =mkl::transpose::conjtrans, then AiH*Xi = Bi is solved for Xi.

n The order of thematrices Ai and the number of rows inmatrices Bi (0 ≤ n).

nrhs The number of right hand sides (0 ≤ nrhs).

lda The leading dimension of Ai.

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

stride_ipiv The stride between the beginnings of arrays ipivi inside the array ipiv.

ldb The leading dimensions of Bi.

stride_b The stride between the beginnings ofmatrices Bi inside the batch array b.

batch_size The number of problems in a batch.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpadmemory to be passed to the getrs_batch (StridedVersion)
functionmust be able to hold.

11.52 getrs_scratchpad_size

Computes size of scratchpadmemory required for getrs (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API
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11.52.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the getrs (buffer or USM
version) function should be able to hold.

11.52.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t getrs_scratchpad_size(sycl::queue &queue,
mkl::transpose trans,
std::int64_t n,
std::int64_t nrhs,
std::int64_t lda,
std::int64_t ldb)

}

InputParameters

queue Device queuewhere calculations by the getrs (buffer or USMversion) function will be performed.

trans Indicates the form of the equations:

If trans=mkl::transpose::nontrans, then A*X = B is solved for X.

If trans=mkl::transpose::trans, then AT*X = B is solved for X.

If trans=mkl::transpose::conjtrans, then AH*X = B is solved for X.

n The order of thematrix A and the number of rows inmatrix B(0 ≤ n).

nrhs The number of right-hand sides (0 ≤ nrhs).

lda The leading dimension of a.

ldb The leading dimension of b.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.
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ReturnValues

The number of elements of type T the scratchpad memory to be passed to the getrs (buffer or USM version)
functionmust be able to hold.

11.53 getrsnp_batch (BufferStridedVersion)

Solves a batch of linear equations with an LU-factored square coefficient matrices, with multiple right-hand
sides. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.53.1 Description

The routine solves for Xi the following systems of linear equations:

• Ai * Xi = Bi If trans = mkl::transpose::notrans

• AiT * Xi = Bi If trans = mkl::transpose::trans

• AiH * Xi = Bi If trans = mkl::transpose::conjtrans

Before calling this routine youmust callgetrfnp_batch (BufferStridedVersion) (without pivoting) to compute
the LU factorization of Ai.

11.53.2 API

Syntax

namespace oneapi::mkl::lapack {
void getrsnp_batch(sycl::queue &queue,
mkl::transpose trans,
std::int64_t n,
std::int64_t nrhs,
sycl::buffer<T> &a,
std::int64_t lda,
std::int64_t stride_a,
sycl::buffer<T> &b,
std::int64_t ldb,
std::int64_t stride_b,
std::int64_t batch_size,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}
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This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

trans Indicates the form of the equations:

If trans =mkl::transpose::nontrans, then Ai*Xi = Bi is solved for Xi.

If trans =mkl::transpose::trans, then AiT*Xi = Bi is solved for Xi.

If trans =mkl::transpose::conjtrans, then AiH*Xi = Bi is solved for Xi.

n The order of thematrices Ai and the number of rows inmatrices Bi (0 ≤ n).

nrhs The number of right hand sides (0 ≤ nrhs).

a Arraycontaining the factorizationsof thematricesAi, as returnedbygetrfnp_batch (BufferStridedVersion).

lda The leading dimension of Ai.

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

b The array containing thematrices Bi whose columns are the right-hand sides for the systems of equations.

ldb The leading dimensions of Bi.

stride_b The stride between the beginnings ofmatrices Bi inside the batch array b.

batch_size The number of problems in a batch.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of typeT. Size should not
be less then the value returned by stride version of getrsnp_batch_scratchpad_size (Strided Version)
function.

OutputParameters

b Overwritten by the solutionmatrices Xi.
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Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.
Ifinfo is zero, then thediagonal elementof someofUi is zero, and thesolve
could not be completed. The indexes of suchmatrices in the batch canbe
obtained with the ids()method of the exception object. You can obtain
the indexes of the first zero diagonal elements in these Ui matrices using
the infos()method of the exception object.

11.54 getrsnp_batch (USMStridedVersion)

Solves a system of linear equations with a batch of LU-factored square coefficient matrices, with multiple right-
hand sides. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.54.1 Description

The routine solves for Xi the following systems of linear equations:

• Ai * Xi = Bi If trans = mkl::transpose::notrans

• AiT * Xi = Bi If trans = mkl::transpose::trans

• AiH * Xi = Bi If trans = mkl::transpose::conjtrans

Before calling this routine you must call getrfnp_batch (USMStrided Version) (without pivoting) to compute
the LU factorization of A i.

11.54.2 API

Syntax
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namespace oneapi::mkl::lapack {
sycl::event getrsnp_batch(sycl::queue &queue,
mkl::transpose trans,
std::int64_t n,
std::int64_t nrhs,
T *a,
std::int64_t lda,
std::int64_t stride_a,
T *b,
std::int64_t ldb,
std::int64_t stride_b,
std::int64_t batch_size,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

trans Indicates the form of the equations:

If trans =mkl::transpose::nontrans, then Ai*Xi = Bi is solved for Xi.

If trans =mkl::transpose::trans, then AiT*Xi = Bi is solved for Xi.

If trans =mkl::transpose::conjtrans, then AiH*Xi = Bi is solved for Xi.

n The order of thematrices Ai and the number of rows inmatrices Bi (0 ≤ n).

nrhs The number of right hand sides (0 ≤ nrhs).

a Array containing the factorizations of thematrices Ai, as returned by getrf_batch (USMStridedVersion).

lda The leading dimension of Ai.

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

b The array containing thematrices Bi whose columns are the right-hand sides for the systems of equations.

ldb The leading dimensions of Bi.

stride_b The stride between the beginnings ofmatrices Bi inside the batch array b.
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batch_size The number of problems in a batch.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of typeT. Size should not
be less then the value returned by stride version of getrsnp_batch_scratchpad_size (Strided Version)
function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

b Overwritten by the solutionmatrices Xi.

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:

If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and de-
tail() returns non-zero, then the passed scratchpad is of insuf-
ficient size, and the required size should be not less then value
returned by the detail() method of the exception object.
If info is zero, then the diagonal element of some of Ui is zero,
and the solve could not be completed. The indexes of such
matrices in the batch can be obtained with the ids()method
of the exception object. You can obtain the indexes of the first
zero diagonal elements in these Uimatrices using the infos()
method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.55 getrsnp_batch_scratchpad_size (StridedVersion)

Computes size of scratchpadmemory required forgetrsnp_batch (StridedVersion) function. This routinebe-
longs to the oneapi::mkl::lapack namespace.

• Description

• API
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11.55.1 Description

Computes the number of elements of type T the scratchpad memory to be passed to the getrsnp_batch
(StridedVersion) functionmust be able to hold.

11.55.2 API

Syntax

namespace oneapi::mkl::lapack {
std::int64_t getrsnp_batch_scratchpad_size(sycl::queue &queue,
mkl::transpose trans,
std::int64_t n,
std::int64_t nrhs,
std::int64_t lda,
std::int64_t stride_a,
std::int64_t ldb,
std::int64_t stride_b,
std::int64_t batch_size)

}

InputParameters

queue Device queuewhere calculations will be performed.

trans Indicates the form of the equations:

If trans =mkl::transpose::nontrans, then Ai*Xi = Bi is solved for Xi.

If trans =mkl::transpose::trans, then AiT*Xi = Bi is solved for Xi.

If trans =mkl::transpose::conjtrans, then AiH*Xi = Bi is solved for Xi.

n The order of thematrices Ai and the number of rows inmatrices Bi (0 ≤ n).

nrhs The number of right hand sides (0 ≤ nrhs).

lda The leading dimension of Ai.

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

ldb The leading dimensions of Bi.

stride_b The stride between the beginnings ofmatrices Bi inside the batch array b.

batch_size The number of problems in a batch.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.
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ReturnValues

The number of elements of type T the scratchpad memory to be passed to the getrsnp_batch (Strided Ver-
sion) functionmust be able to hold.

11.56 heevd

Computes all eigenvalues and, optionally, all eigenvectors of a complex Hermitianmatrix using divide and con-
quer algorithm. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.56.1 Description

The routine computes all the eigenvalues, and optionally all the eigenvectors, of a complex Hermitian matrix A.
In other words, it can compute the spectral factorization of A as: A = Z*Λ*ZH.

HereΛ is a real diagonal matrix whose diagonal elements are the eigenvalues λi, and Z is the (complex) unitary
matrix whose columns are the eigenvectors zi. Thus,

A*zi = λi*zi for i = 1, 2, ..., n.

If theeigenvectorsare requested, then this routineusesadivideandconqueralgorithm tocomputeeigenvalues
and eigenvectors. However, if only eigenvalues are required, then it uses thePal-Walker-Kahan variant of the QL
or QR algorithm.

11.56.2 API

Syntax

namespace oneapi::mkl::lapack {
void heevd(sycl::queue &queue,
mkl::job jobz,
mkl::uplo uplo,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &w,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

heevd supports the following precision and devices.

T Devices Supported
std::complex<float> CPU andGPU
std::complex<double> CPU andGPU
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InputParameters

queue Device queuewhere calculations will be performed.

jobz Must be job::novec or job::vec.

If jobz = job::novec, then only eigenvalues are computed.

If jobz = job::vec, then eigenvalues and eigenvectors are computed.

uplo Must be uplo::upper or uplo::lower.

If uplo = job::upper, a stores the upper triangular part of A.

If uplo = job::lower, a stores the lower triangular part of A.

n The order of thematrix A (0 ≤ n).

a Buffer holding the array containing A, size (lda,*). The second dimension of amust be at least max(1, n).

lda The leading dimension of a. Must be at least max(1,n).

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the heevd_scratchpad_size function.

OutputParameters

a If jobz = job::vec, then on exit this buffer is overwritten by the unitary matrix Z which contains the eigen-
vectors of A.

w Bufferholdingarrayof sizeat least n. Ifinfo = 0, contains theeigenvaluesof thematrixA in ascendingorder.
See also info.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info = i, and jobz = job::novec, then the algorithm failed to con-
verge; i indicates the number of off-diagonal elements of an intermediate
tridiagonal formwhich did not converge to zero.
If info = i, and jobz = job::vec, then the algorithm failed to compute
an eigenvalue while working on the submatrix lying in rows and columns
info/(n+1) through mod(info,n+1).
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.
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11.57 heevd (USMVersion)

Computes all eigenvalues and, optionally, all eigenvectors of a complex Hermitianmatrix using divide and con-
quer algorithm. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.57.1 Description

The routine computes all the eigenvalues, and optionally all the eigenvectors, of a complex Hermitian matrix A.
In other words, it can compute the spectral factorization of A as: A = Z*Λ*ZH.

HereΛ is a real diagonal matrix whose diagonal elements are the eigenvalues λi, and Z is the orthogonal matrix
whose columns are the eigenvectors zi. Thus,

A*zi = λi*zi for i = 1, 2, ..., n.

If theeigenvectorsare requested, then this routineusesadivideandconqueralgorithm tocomputeeigenvalues
and eigenvectors. However, if only eigenvalues are required, then it uses thePal-Walker-Kahan variant of the QL
or QR algorithm.

11.57.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event heevd(sycl::queue &queue,
mkl::job jobz,
mkl::uplo uplo,
std::int64_t n,
T *a,
std::int64_t lda,
T *w,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

heevd (USMversion) supports the following precision and devices.

T Devices Supported
std::complex<float> CPU andGPU
std::complex<double> CPU andGPU
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InputParameters

queue Device queuewhere calculations will be performed.

jobz Must be job::novec or job::vec.

If jobz = job::novec, then only eigenvalues are computed.

If jobz = job::vec, then eigenvalues and eigenvectors are computed.

uplo Must be uplo::upper or uplo::lower.

If upper_lower = job::upper, a stores the upper triangular part of A.

If upper_lower = job::lower, a stores the lower triangular part of A.

n The order of thematrix A (0 ≤ n).

a The pointer to the array containing A, size (lda,*). The second dimension of amust be at least max(1, n).

lda The leading dimension of a. Must be at least max(1,n).

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the heevd_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a If jobz = job::vec, then on exit this is overwritten by the orthogonal matrix Zwhich contains the eigenvec-
tors of A.

w Pointer to array of size at least n. Contains the eigenvalues of thematrix A in ascending order.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info = i, and jobz = job::novec, then the algorithm failed to con-
verge; i indicates the number of off-diagonal elements of an intermediate
tridiagonal formwhich did not converge to zero.
If info = i, and jobz = job::vec, then the algorithm failed to compute
an eigenvalue while working on the submatrix lying in rows and columns
info/(n+1) through mod(info,n+1).
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.
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ReturnValues

Output event to wait on to ensure computation is complete.

11.58 heevd_scratchpad_size

Computes size of scratchpadmemory required for heevd (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.58.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the heevd (buffer or USM
version) function should be able to hold.

11.58.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
heevd_scratchpad_size(sycl::queue &queue,
mkl::job jobz,
mkl::uplo uplo,
std::int64_t n,
std::int64_t lda)

}

InputParameters

queue Device queuewhere calculations by the heevd (buffer or USMversion) function will be performed.

jobz Must be job::novec or job::vec.

If jobz = job::novec, then only eigenvalues are computed.

If jobz = job::vec, then eigenvalues and eigenvectors are computed.

uplo Must be uplo::upper or uplo::lower.

If uplo = job::upper, a stores the upper triangular part of A.

If uplo = job::lower, a stores the lower triangular part of A.

n The order of thematrix A (0 ≤ n).

lda The leading dimension of a. Must be at least max(1,n).
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the heevd (buffer or USM version)
functionmust be able to hold.

11.59 hegvd

Computes all the eigenvalues, and optionally, the eigenvectors of a complex generalized Hermitian positive-
definite eigenproblemusing a divide and conquermethod. This routine belongs to the oneapi::mkl::lapack
namespace.

• Description

• API

11.59.1 Description

The routine computes all the eigenvalues, and optionally, the eigenvectors of a complex generalizedHermitian
positive-definite eigenproblem, of the form

A*x = λ*B*x, A*B*x = λ*x, or B*A*x = λ*x.

Here A and B are assumed to beHermitian and B is also positive definite.

It uses a divide and conquer algorithm.

11.59.2 API

Syntax

namespace oneapi::mkl::lapack {
void hegvd(sycl::queue &queue,
std::int64_t itype,
mkl::job jobz,
mkl::uplo uplo,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &b,

(continues on next page)

457



Intel® oneAPIMath Kernel Library

(continued from previous page)

std::int64_t ldb,
sycl::buffer<T> &w,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

hegvd supports the following precision and devices.

T Devices Supported
std::complex<float> CPU, GPU
std::complex<double> CPU, GPU

InputParameters

queue Device queuewhere calculations will be performed.

itype Must be 1 or 2 or 3. Specifies the problem type to be solved:

if itype= 1, the problem type is A*x = lambda*B*x;

if itype= 2, the problem type is A*B*x = lambda*x;

if itype= 3, the problem type is B*A*x = lambda*x.

jobz Must be job::novec or job::vec.

If jobz = job::novec, then only eigenvalues are computed.

If jobz = job::vec, then eigenvalues and eigenvectors are computed.

uplo Must be uplo::upper or uplo::lower.

If uplo = uplo::upper, a and b store the upper triangular part of A and B.

If uplo = uplo::lower, a and b stores the lower triangular part of A and B.

n The order of thematrices A and B (0 ≤ n).

a Buffer holding the array of size a(lda,*) containing the upper or lower triangle of the Hermitian matrix A, as
specified by uplo.

The second dimension of amust be at least max(1, n).

lda The leading dimension of a; at least max(1,n).

b Buffer holding the array of size b(ldb,*) containing the upper or lower triangle of the Hermitian matrix B, as
specified by uplo.

The second dimension of bmust be at least max(1, n).

ldb The leading dimension of b; at least max(1,n).

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the hegvd_scratchpad_size function.
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OutputParameters

a Onexit, if jobz = job::vec, then if info = 0, a contains thematrix Z of eigenvectors. The eigenvectors are
normalized as follows:

if itype= 1 or 2, ZH*B*Z = I;

if itype= 3, ZH*inv(B)*Z = I;

If jobz = job::novec, then on exit the upper triangle (if uplo = uplo::upper) or the lower triangle (if
uplo = uplo::lower) of A, including the diagonal, is destroyed.

b On exit, if info ≤ n, the part of b containing the matrix is overwritten by the triangular factor U or L from the
Cholesky factorization B = UH*Uor B = L*LH.

w Buffer holding arry of size at least n. If info = 0, contains the eigenvalues of thematrix A in ascending order.
See also info.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value. For info ≤ n:
If info = i, and jobz = job::novec, then the algorithm failed to con-
verge; i indicates the number of off-diagonal elements of an intermediate
tridiagonal formwhich did not converge to zero.
If info = i, and jobz = job:vec, then the algorithm failed to compute
an eigenvalue while working on the submatrix lying in rows and columns
info/(n+1) through mod(info,n+1). For info > n:
If info = n + i, for 1 ≤ i ≤ n, then the leading minor of order i of B is
not positive-definite. The factorizationofB could not be completed andno
eigenvalues or eigenvectors were computed.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

11.60 hegvd (USMVersion)

Computes all the eigenvalues, and optionally, the eigenvectors of a complex generalized Hermitian positive-
definite eigenproblemusing a divide and conquermethod. This routine belongs to the oneapi::mkl::lapack
namespace.

• Description

• API
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11.60.1 Description

The routine computes all the eigenvalues, and optionally, the eigenvectors of a complex generalizedHermitian
positive-definite eigenproblem, of the form

A*x = λ*B*x, A*B*x = λ*x, or B*A*x = λ*x.

Here A and B are assumed to beHermitian and B is also positive definite.

It uses a divide and conquer algorithm.

11.60.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event hegvd(sycl::queue &queue,
std::int64_t itype,
mkl::job jobz,
mkl::uplo uplo,
std::int64_t n,
T *a,
std::int64_t lda,
T *b,
std::int64_t ldb,
T *w,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

hegvd (USMversion) supports the following precision and devices.

T Devices Supported
std::complex<float> CPU, GPU
std::complex<double> CPU, GPU

InputParameters

queue Device queuewhere calculations will be performed.

itype Must be 1 or 2 or 3. Specifies the problem type to be solved:

if itype= 1, the problem type is A*x = lambda*B*x;

if itype= 2, the problem type is A*B*x = lambda*x;

if itype= 3, the problem type is B*A*x = lambda*x.

jobz Must be job::novec or job::vec.

If jobz = job::novec, then only eigenvalues are computed.

If jobz = job::vec, then eigenvalues and eigenvectors are computed.
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uplo Must be uplo::upper or uplo::lower.

If uplo = uplo::upper, a and b store the upper triangular part of A and B.

If uplo = uplo::lower, a and b stores the lower triangular part of A and B.

n The order of thematrices A and B (0 ≤ n).

a Pointer to the array of size a(lda,*) containing the upper or lower triangle of theHermitianmatrix A, as spec-
ified by uplo.

The second dimension of amust be at least max(1, n).

lda The leading dimension of a; at least max(1,n).

b Pointer to the array of size b(ldb,*) containing the upper or lower triangle of theHermitianmatrix B, as spec-
ified by uplo.

The second dimension of bmust be at least max(1, n).

ldb The leading dimension of b; at least max(1,n).

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the hegvd_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a Onexit, if jobz = job::vec, then if info = 0, a contains thematrix Z of eigenvectors. The eigenvectors are
normalized as follows:

if itype= 1 or 2, ZH*B*Z = I;

if itype= 3, ZH*inv(B)*Z = I;

If jobz = job::novec, then on exit the upper triangle (if uplo = uplo::upper) or the lower triangle (if
uplo = uplo::lower) of A, including the diagonal, is destroyed.

b On exit, if info ≤ n, the part of b containing the matrix is overwritten by the triangular factor U or L from the
Cholesky factorization B = UH*Uor B = L*LH.

w Pointer to the array of size at least n. If info = 0, contains the eigenvalues of thematrix A in ascending order.
See also info.
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value. For info ≤ n:
If info = i, and jobz = job::novec, then the algorithm failed to con-
verge; i indicates the number of off-diagonal elements of an intermediate
tridiagonal formwhich did not converge to zero.
If info = i, and jobz = job:vec, then the algorithm failed to compute
an eigenvalue while working on the submatrix lying in rows and columns
info/(n+1) through mod(info,n+1). For info > n:
If info = n + i, for 1 ≤ i ≤ n, then the leading minor of order i of B is
not positive-definite. The factorizationofB could not be completed andno
eigenvalues or eigenvectors were computed.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.61 hegvd_scratchpad_size

Computes size of scratchpadmemory required for hegvd (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.61.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the hegvd (buffer or USM
version) functionmust be able to hold.
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11.61.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t hegvd_scratchpad_size(sycl::queue &queue,
std::int64_t itype,
mkl::job jobz,
mkl::uplo uplo,
std::int64_t n,
std::int64_t lda,
std::int64_t ldb)

}

InputParameters

queue Device queuewhere calculations by the hegvd (buffer or USMversion) function will be performed.

itype Must be 1 or 2 or 3. Specifies the problem type to be solved:

if itype= 1, the problem type is A*x = lambda*B*x;

if itype= 2, the problem type is A*B*x = lambda*x;

if itype= 3, the problem type is B*A*x = lambda*x.

jobz Must be job::novec or job::vec.

If jobz = job::novec, then only eigenvalues are computed.

If jobz = job::vec, then eigenvalues and eigenvectors are computed.

uplo Must be uplo::upper or uplo::lower.

If uplo = uplo::upper, a and b store the upper triangular part of A and B.

If uplo = uplo::lower, a and b stores the lower triangular part of A and B.

n The order of thematrices A and B (0 ≤ n).

lda The leading dimension of a; at least max(1,n).

ldb The leading dimension of b; at least max(1,n).

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.
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ReturnValues

The number of elements of type T the scratchpad memory to be passed to the hegvd (buffer or USM version)
functionmust be able to hold.

11.62 hetrd

Reduces a complex Hermitian matrix to tridiagonal form. This routine belongs to the oneapi::mkl::lapack
namespace.

• Description

• API

11.62.1 Description

The routine reduces a complex Hermitian matrix A to symmetric tridiagonal form T by a unitary similarity trans-
formation: A = Q*T*QH. The unitary matrix Q is not formed explicitly but is represented as a product of n-1 ele-
mentary reflectors. Routines are provided to work with Q in this representation.

11.62.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event hetrd(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &d,
sycl::buffer<T> &e,
sycl::buffer<T> &tau,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

hetrd supports the following precisions and devices:

T Devices supported
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU
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InputParameters

queue The device queuewhere calculations will be performed.

uplo Must be uplo::upper or uplo::lower.

If uplo = uplo::upper, a stores the upper triangular part of A.

If uplo = uplo::lower, a stores the lower triangular part of A.

n The order of thematrices A(0 ≤ n).

a Buffer holding thematrix A, size (lda,*). Contains the upper or lower triangle as specified by uplo.

lda The leading dimension of a; at least max(1, n)

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the hetrd_scratchpad_size function.

OutputParameters

a On exit,

if uplo = uplo::upper, the diagonal and first superdiagonal of A are overwritten by the corresponding
elements of the tridiagonal matrix T, and the elements above the first superdiagonal, with the buffer tau,
represent the unitarymatrix Q as a product of elementary reflectors;

if uplo = uplo::lower, the diagonal and first subdiagonal of A are overwritten by the corresponding ele-
mentsof the tridiagonalmatrixT, and theelementsbelowthefirst subdiagonal,with thearray tau, represent
the unitarymatrix Q as a product of elementary reflectors.

d Buffer holding the diagonal elements of thematrix T. The dimension of dmust be at least max(1, n).

e Buffer holding off diagonal elements of thematrix T. The dimension of emust be at least max(1, n-1).

tau Bufferholdingarrayof sizeat leastmax(1, n). Stores(n-1)scalars thatdefineelementary reflectors inde-
compositionof theunitarymatrixQ in aproductofn-1elementary reflectors. tau(n) is usedasworkspace.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.
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11.63 hetrd (USMVersion)

Reduces a complex Hermitian matrix to tridiagonal form. This routine belongs to the oneapi::mkl::lapack
namespace.

• Description

• API

11.63.1 Description

The routine reduces a complexHermitianmatrix A toHermitian tridiagonal form Tby aunitary similarity transfor-
mation: A = Q*T*QH. The unitarymatrix Q is not formed explicitly but is represented as a product of n-1 elemen-
tary reflectors. Routines are provided to work with Q in this representation.

11.63.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event hetrd(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
T *a,
std::int64_t lda,
T *d,
T *e,
T *tau,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

hetrd (USMversion) supports the following precisions and devices:

T Devices supported
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue The device queuewhere calculations will be performed.

uplo Must be uplo::upper or uplo::lower.

If uplo = uplo::upper, a stores the upper triangular part of A.

If uplo = uplo::lower, a stores the lower triangular part of A.
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n The order of thematrices A(0 ≤ n).

a Pointer to thematrix A, size (lda,*). Contains the upper or lower triangle as specified by uplo.

lda The leading dimension of a; at least max(1, n)

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the hetrd_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a On exit,

if uplo = uplo::upper, the diagonal and first superdiagonal of A are overwritten by the corresponding
elements of the tridiagonal matrix T, and the elements above the first superdiagonal, with the buffer tau,
represent the unitarymatrix Q as a product of elementary reflectors;

if uplo = uplo::lower, the diagonal and first subdiagonal of A are overwritten by the corresponding ele-
mentsof the tridiagonalmatrixT, and theelementsbelowthefirst subdiagonal,with thearray tau, represent
the unitarymatrix Q as a product of elementary reflectors.

d Pointer to the diagonal elements of thematrix T. The dimension of dmust be at least max(1, n).

e Pointer to off diagonal elements of thematrix T. The dimension of emust be at least max(1, n-1).

tau Pointer to memory array of size at least max(1, n). Stores (n-1) scalars that define elementary reflec-
tors in decomposition of the unitary matrix Q in a product of n-1 elementary reflectors. tau(n) is used as
workspace.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

467



Intel® oneAPIMath Kernel Library

ReturnValues

Output event to wait on to ensure computation is complete.

11.64 hetrd_scratchpad_size

Computes size of scratchpadmemory required for hetrd (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.64.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the hetrd (buffer or USM
version) functionmust be able to hold.

11.64.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t hetrd_scratchpad_size(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
std::int64_t lda)

}

InputParameters

queue Device queuewhere calculations by the hetrd (buffer or USMversion) function will be performed.

uplo Must be uplo::upper or uplo::lower.

If uplo = uplo::upper, a stores the upper triangular part of A.

If uplo = uplo::lower, a stores the lower triangular part of A.

n The order of thematrices A(0 ≤ n).

lda The leading dimension of a; at least max(1, n)
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the hetrd (buffer or USM version)
functionmust be able to hold.

11.65 hetrf

Computes theBunch-Kaufman factorizationofacomplexHermitianmatrix. This routinebelongs to theoneapi:
:mkl::lapack namespace.

• Description

• API

11.65.1 Description

The routine computes the factorization of a complexHermitianmatrix Ausing theBunch-Kaufmandiagonal piv-
otingmethod:

• if uplo='U', A = U*D*UH

• if uplo='L', A = L*D*LH,

where A is the input matrix, U and L are products of permutation and triangular matrices with unit diagonal (up-
per triangular for U and lower triangular for L), and D is a Hermitian block-diagonal matrix with 1-by-1 and 2-by-2
diagonal blocks. U and L have 2-by-2 unit diagonal blocks corresponding to the 2-by-2 blocks of D.

Note: This routine supports the Progress Routine feature.

11.65.2 API

Syntax
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namespace oneapi::mkl::lapack {
void hetrf(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &ipiv,
sycl::buffer<T> &scratchpad, std::int64_t scratchpad_size)

}

hetrf supports the following precisions and devices:

T Devices supported
std::complex<float> CPU
std::complex<double> CPU

InputParameters

queue The device queuewhere calculations will be performed.

uplo Indicates whether the upper or lower triangular part of A is stored and how A is factored:.

If uplo = uplo::upper, the arraya stores the upper triangular part of A and A is factored as U*D*UH.

If uplo = uplo::lower, the arraya stores the lower triangular part of A and A is factored as L*D*LH.

n The order of thematrix A(0 ≤ n).

a Buffer holding coefficients ofmatrix A, size max(1,lda*n), containing either the upper or the lower triangular
part of thematrix A (see uplo). The second dimension of amust be at least max(1,n).

lda The leading dimension of a.

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the hetrf_scratchpad_size function.

OutputParameters

a The upper or lower triangular part of a is overwritten by details of the block-diagonalmatrix D and themultipli-
ers used to obtain the factor U (or L).

ipiv Bufferholdingarrayof sizeat leastmax(1, n). Containsdetailsof the interchangesand theblockstructure
ofD. If ipiv(i) = k >0, then dii is a 1-by-1 block, and the i-th rowandcolumnofAwas interchangedwith
the k-th row and column.

If uplo =mkl::uplo::upper and ipiv(i) =ipiv(i-1) = -m < 0, then D has a 2-by-2 block in rows/columns i and
i-1, and (i-1)-th row and column of Awas interchangedwith the m-th row and column.

If uplo =mkl::uplo::lower and ipiv(i) =ipiv(i+1) = -m < 0, then D has a 2-by-2 block in rows/columns i and
i+1, and (i+1)-th row and column of Awas interchangedwith the m-th row and column.
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info = i, d:sub:`ii` is 0. The factorization has been completed, but D
is exactly singular. Division by 0will occur if you use D for solving a system
of linear equations.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

11.66 hetrf (USMVersion)

Computes theBunch-Kaufman factorizationofacomplexHermitianmatrix. This routinebelongs to theoneapi:
:mkl::lapack namespace.

• Description

• API

11.66.1 Description

The routine computes the factorization of a complexHermitianmatrix Ausing theBunch-Kaufmandiagonal piv-
otingmethod. The form of the factorization is:

• if uplo=uplo::upper, A = U*D*UH

• if uplo=uplo::lower, A = L*D*LH,

where A is the input matrix, U and L are products of permutation and triangular matrices with unit diagonal (up-
per triangular for U and lower triangular for L), and D is a Hermitian block-diagonal matrix with 1-by-1 and 2-by-2
diagonal blocks. U and L have 2-by-2 unit diagonal blocks corresponding to the 2-by-2 blocks of D.

11.66.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event hetrf(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
T *a,

(continues on next page)
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(continued from previous page)

std::int64_t lda,
std::int64_t *ipiv,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})
}

hetrf (USMversion) supports the following precisions and devices:

T Devices supported
std::complex<float> CPU
std::complex<double> CPU

InputParameters

queue The device queuewhere calculations will be performed.

uplo Indicates whether the upper or lower triangular part of A is stored and how A is factored:.

If uplo = uplo::upper, the arraya stores the upper triangular part of A and A is factored as U*D*UH.

If uplo = uplo::lower, the arraya stores the lower triangular part of A and A is factored as L*D*LH.

n The order of thematrix A(0 ≤ n).

a The pointer to coefficients ofmatrix A, size max(1,lda*n), containing either the upper or the lower triangular
part of thematrix A (see uplo). The second dimension of amust be at least max(1,n).

lda The leading dimension of a.

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the hetrf_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a The upper or lower triangular part of a is overwritten by details of the block-diagonalmatrix D and themultipli-
ers used to obtain the factor U (or L).

ipiv Pointer to memory array of size at least max(1, n). Contains details of the interchanges and the block
structure of D. If ipiv(i) = k >0, then dii is a 1-by-1 block, and the i-th row and column of A was inter-
changedwith the k-th row and column.

If uplo =mkl::uplo::upper and ipiv(i) =ipiv(i-1) = -m < 0, then D has a 2-by-2 block in rows/columns i and
i-1, and (i-1)-th row and column of Awas interchangedwith the m-th row and column.

If uplo =mkl::uplo::lower and ipiv(i) =ipiv(i+1) = -m < 0, then D has a 2-by-2 block in rows/columns i and
i+1, and (i+1)-th row and column of Awas interchangedwith the m-th row and column.
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info = i, d:sub:`ii` is 0. The factorization has been completed, but D
is exactly singular. Division by 0will occur if you use D for solving a system
of linear equations.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.67 hetrf_scratchpad_size

Computes size of scratchpadmemory required for hetrf (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.67.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the hetrf (buffer or USM
version) function should be able to hold.

11.67.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t hetrf_scratchpad_size(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
std::int64_t lda)

}
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InputParameters

queue Device queuewhere calculations by the hetrf (buffer or USMversion) function will be performed.

uplo Indicates whether the upper or lower triangular part of A is stored and how A is factored:

If uplo = uplo::upper, the array a stores the upper triangular part of thematrix A, and A is factored as U*D*UH.

If uplo = uplo::lower, the array a stores the lower triangular part of thematrix A, and A is factored as L*D*LH.

n The order of matrix A (0 ≤ n).

lda The leading dimension of a.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the hetrf (buffer or USM version)
functionmust be able to hold.

11.68 orgbr

Generates the real orthogonalmatrix Q or PT determined bygebrd. This routine belongs to the oneapi::mkl::
lapack namespace.

• Description

• API

11.68.1 Description

The routine generates thewhole or part of the orthogonalmatrices Q and PT formedby the routinesgebrd. Use
this routine after a call to sgebrd/dgebrd. All valid combinations of arguments are described in Input parame-
ters. In most cases you need the following:

To compute thewhole m-by-mmatrix Q:

orgbr(queue, generate::q, m, m, n, a, ...)

(note that the array amust have at least m columns).

To form the n leading columns of Q if m > n:
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orgbr(queue, generate::q, m, n, n, a, ...)

To compute thewhole n-by-nmatrix PT:

orgbr(queue, generate::p, n, n, m, a, ...)

(note that the array amust have at least n rows).

To form the m leading rows of PT if m < n:

orgbr(queue, generate::p, m, n, m, a, ...)

11.68.2 API

Syntax

namespace oneapi::mkl::lapack {
void orgbr(sycl::queue &queue,
mkl::generate gen,
std::int64_t m,
std::int64_t n,
std::int64_t k,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &tau,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

orgbr supports the following precisions and devices:

T Devices supported
float CPU
double CPU

InputParameters

queue Device queuewhere calculations will be performed.

gen Must be generate::q or generate::p.

If gen= generate::q, the routine generates thematrix Q.

If gen= generate::p, the routine generates thematrix PT.

m The number of rows in thematrix Q or PT to be returned (0 ≤ m).

If gen= generate::q, m ≥ n ≥ min(m, k).

If gen= generate::p, n ≥ m ≥ min(n, k).
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n The number of rows in thematrix Q or PT to be returned (0 ≤ n). Seem for constraints.

k If gen= generate::q, the number of columns in the original m-by-kmatrix reduced by gebrd.

If gen= generate::p, the number of rows in the original k-by-nmatrix reduced by gebrd.

a Buffer holdingmemory returned by gebrd.

lda The leading dimension of a.

tau Buffer holding array of size min (m,k) if gen= generate::q, and of size min(n,k) if gen= generate::p.
Scalar factor of the elementary reflectors, as returned by gebrd in the array tauq or taup.

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the orgbr_scratchpad_size function.

OutputParameters

a Overwritten by n leading columns of the m-by-m orthogonal matrix Q or PT (or the leading rows or columns
thereof) as specified by gen, m, and n.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non-zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

11.69 orgbr (USMVersion)

Generates the real orthogonal matrix Q or PT determined by gebrd (USMVersion). This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API
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11.69.1 Description

The routine generates the whole or part of the orthogonal matrices Q and PT formed by the gebrd (USMVer-
sion) function. All valid combinations of arguments are described in Input parameters. Inmost cases you need
the following:

To compute thewhole m-by-mmatrix Q:

orgbr(queue, generate::q, m, m, n, a, ...)

(note that the array amust have at least m columns).

To form the n leading columns of Q if m > n:

orgbr(queue, generate::q, m, n, n, a, ...)

To compute thewhole n-by-nmatrix PT:

orgbr(queue, generate::p, n, n, m, a, ...)

(note that the array amust have at least n rows).

To form the m leading rows of PT if m < n:

orgbr(queue, generate::p, m, n, m, a, ...)

11.69.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event orgbr(sycl::queue &queue,
mkl::generate gen,
std::int64_t m,
std::int64_t n,
std::int64_t k,
T *a,
std::int64_t lda,
T *tau,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

orgbr (USMversion) supports the following precisions and devices:

T Devices supported
float CPU
double CPU
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InputParameters

queue Device queuewhere calculations will be performed.

gen Must be generate::q or generate::p.

If gen= generate::q, the routine generates thematrix Q.

If gen= generate::p, the routine generates thematrix PT.

m The number of rows in thematrix Q or PT to be returned (0 ≤ m).

If gen= generate::q, m ≥ n ≥ min(m, k).

If gen= generate::p, n ≥ m ≥ min(n, k).

n The number of rows in thematrix Q or PT to be returned (0 ≤ n). Seem for constraints.

k If gen= generate::q, the number of columns in theoriginalm-by-kmatrix reducedbygebrd (USMVersion).

If gen= generate::p, the number of rows in the original k-by-nmatrix reducedbygebrd (USMVersion).

a Pointer tomemory returned by gebrd (USMVersion).

lda The leading dimension of a.

tau Pointer to memory of size min (m,k) if gen= generate::q, and of size min(n,k) if gen= generate::p.
Scalar factor of the elementary reflectors, as returned bygebrd (USMVersion) in the array tauq or taup.

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the orgbr_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a Overwritten by n leading columns of the m-by-m orthogonal matrix Q or PT (or the leading rows or columns
thereof) as specified by gen, m, and n.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non-zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.
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ReturnValues

Output event to wait on to ensure computation is complete.

11.70 orgbr_scratchpad_size

Computes size of scratchpadmemory required for orgbr (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.70.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the orgbr (buffer or USM
version) functionmust be able to hold.

11.70.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t orgbr_scratchpad_size(sycl::queue &queue,
mkl::generate gen,
std::int64_t m,
std::int64_t n,
std::int64_t k,
std::int64_t lda)

}

InputParameters

queue Device queuewhere calculations by the orgbr (buffer or USMversion) function will be performed.

gen Must be generate::q or generate::p.

If gen= generate::q, the routine generates thematrix Q.

If gen= generate::p, the routine generates thematrix PT.

m The number of rows in thematrix Q or PT to be returned (0 ≤ m).

If gen= generate::q, m ≥ n ≥ min(m, k).

If gen= generate::p, n ≥ m ≥ min(n, k).

n The number of rows in thematrix Q or PT to be returned (0 ≤ n). Seem for constraints.

k If gen= generate::q, the number of columns in theoriginalm-by-kmatrix reducedbygebrd (USMVersion).

If gen= generate::p, the number of rows in the original k-by-nmatrix reducedbygebrd (USMVersion).

lda The leading dimension of a.
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the orgbr (buffer or USM version)
functionmust be able to hold.

11.71 orgqr

Generates the real orthogonal matrix Q of the QR factorization formed by geqrf. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.71.1 Description

The routine generates the whole or part of m-by-m orthogonal matrix Q of the QR factorization formed by the rou-
tine geqrf.

Usually Q is determined from the QR factorization of an m by pmatrix Awith m ≥ p. To compute the whole matrix
Q, use:

mkl::orgqr(queue, m, m, p, a, lda, tau, ...)

To compute the leading p columns of Q (which form an orthonormal basis in the space spanned by the columns
of A):

mkl::orgqr(queue, m, p, p, a, lda, tau, ...)

To compute thematrix Qk of the QR factorization of leading k columns of thematrix A:

mkl::orgqr(queue, m, m, k, a, lda, tau, ...)

To compute the leading k columns of Qk (which form an orthonormal basis in the space spanned by leading k
columns of thematrix A):

mkl::orgqr(queue, m, k, k, a, lda, tau, ...)
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11.71.2 API

Syntax

namespace oneapi::mkl::lapack {
void orgqr(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
std::int64_t k,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &tau,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

orgqr supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n).

k The number of elementary reflectors whose product defines thematrix Q (0 ≤ k ≤ n).

a Buffer holding the result of geqrf.

lda The leading dimension of a (lda ≥ m).

tau Buffer holding the result of geqrf.

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the orgqr_scratchpad_size function.

OutputParameters

a Overwritten by n leading columns of them-by-m orthogonal matrix Q.
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non-zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

11.72 orgqr (USMVersion)

Generates the real orthogonal matrix Q of the QR factorization formed by the geqrf (USM Version) function.
This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.72.1 Description

The routine generates the whole or part of m-by-m orthogonal matrix Q of the QR factorization formed by the rou-
tine geqrf (USMVersion) :ref:‘geqrf-usm-version function.

Usually Q is determined from the QR factorization of an m by pmatrix Awith m ≥ p. To compute the whole matrix
Q, use:

mkl::orgqr(queue, m, m, p, a, lda, tau, ...)

To compute the leading p columns of Q (which form an orthonormal basis in the space spanned by the columns
of A):

mkl::orgqr(queue, m, p, p, a, lda, tau, ...)

To compute thematrix Qk of the QR factorization of leading k columns of thematrix A:

mkl::orgqr(queue, m, m, k, a, lda, tau, ...)

To compute the leading k columns of Qk (which form an orthonormal basis in the space spanned by leading k
columns of thematrix A):

mkl::orgqr(queue, m, k, k, a, lda, tau, ...)
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11.72.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event orgqr(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
std::int64_t k,
T *a,
std::int64_t lda,
T *tau,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

orgqr (USMversion) supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n).

k The number of elementary reflectors whose product defines thematrix Q (0 ≤ k ≤ n).

a Pointer to the result of geqrf (USMVersion).

lda The leading dimension of a (lda ≥ m).

tau Pointer to the result of geqrf (USMVersion).

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the orgqr_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a Overwritten by n leading columns of them-by-m orthogonal matrix Q.
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info = i, dii is 0. The factorization has been completed, but D is exactly
singular. Division by 0 will occur if you use D for solving a system of linear
equations.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non-zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete

11.73 orgqr_batch (BufferStridedVersion)

Generates the realorthogonalmatricesQi of thebatchQRfactorizations formedbygeqrf_batch (BufferStrided
Version). This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.73.1 Description

The routinegenerates thewholesorpartsof theorthogonalmatricesQ i of thebatchofQR factorizations formed
by the routine geqrf_batch (Buffer StridedVersion). Usually, Q i is determined from the QR factorization of an
m-by-pmatrix A i with m ≥ p.

To compute thewholematrices Q i, use:

orgqr_batch(queue, m, m, p, a, ...)

Tocompute the leadingpcolumnsofQ i (which formanorthonormal basis in the space spannedby thecolumns
of A i):

orgqr_batch(queue, m, p, p, a, ...)

To compute thematrices Q i
k of theQR factorizations of leading k columns of thematrices A i:
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orgqr_batch(queue, m, m, k, a, ...)

To compute the leading k columns of Q i
k (which form an orthonormal basis in the space spanned by leading k

columns of thematrices A i):

orgqr_batch(queue, m, k, k, a, ...)

11.73.2 API

Syntax

namespace oneapi::mkl::lapack {
void orgqr_batch(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
std::int64_t k,
sycl::buffer<T> &a,
std::int64_t lda,
std::int64_t stride_a,
sycl::buffer<T> &tau,
std::int64_t stride_tau,
std::int64_t batch_size,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

This function supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrices Ai (0 ≤ m).

n The number of columns in thematrices Ai (0 ≤ n).

k the number of elementary reflectors whose product defines thematrices Qi (0 ≤ k ≤ n) .

a Array resulting after a call to geqrf_batch (Buffer StridedVersion).

lda The leading dimension of Ai (lda ≥ m).

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

tau Array resulting after a call to geqrf_batch (Buffer StridedVersion).

stride_tau The stride between the beginnings of arrays taui inside the array tau.
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batch_size The number of problems in a batch.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by orgqr_batch_scratchpad_size (StridedVersion).

OutputParameters

a Array data is overwritten by a batch of n leading columns of the m-by-m orthogonal matrices Qi.

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.

11.74 orgqr_batch (GroupVersion)

Generates the real orthogonalmatricesQi of thebatchofQR factorizations formedbygeqrf_batch (GroupVer-
sion). This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.74.1 Description

The routine generates thewholes or parts of the m-by-morthogonalmatrices Q i of the batch ofQR factorizations
formed by the routine geqrf_batch (GroupVersion). Usually, Q i is determined from the QR factorization of an
m-by-pmatrix A i with m ≥ p.

To compute thewholematrices Q i, use:

orgqr_batch(queue, m, m, p, a, ...)

Tocompute the leadingpcolumnsofQ i (which formanorthonormal basis in the space spannedby thecolumns
of A i):
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orgqr_batch(queue, m, p, p, a, ...)

To compute thematrices Q i
k of theQR factorizations of leading k columns of thematrices A i:

orgqr_batch(queue, m, m, k, a, ...)

To compute the leading k columns of Q i
k (which form an orthonormal basis in the space spanned by leading k

columns of thematrices A i):

orgqr_batch(queue, m, k, k, a, ...)

11.74.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event orgqr_batch(sycl::queue &queue,
std::int64_t *m,
std::int64_t *n,
std::int64_t *k,
T **a,
std::int64_t *lda,
T **tau,
std::int64_t group_count,
std::int64_t *group_sizes,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

This function supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

queue Device queuewhere calculations will be performed.

m Array of group_count parametersmg as previously supplied to geqrf_batch (GroupVersion).

n Array of group_count parameters ng as previously supplied to geqrf_batch (GroupVersion).

k Array of group_count parameters kg as previously supplied to geqrf_batch (Group Version). The number
of elementary reflectors whose product defines thematrices Qi (0 ≤ kg ≤ ng) .

a Array resulting after a call to geqrf_batch (GroupVersion) <geqrf_batch-group-version.

lda Array of leading dimension of Ai as previously supplied to geqrf_batch (GroupVersion).
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tau Array resulting after a call to geqrf_batch (GroupVersion).

group_count Specifies the number of groups of parameters. Must be at least 0.

group_sizes Array of group_count integers. Array element with index g specifies the number of problems to
solve for each of the groups of parameters g. So the total number of problems to solve, batch_size, is a
sum of all parameter group sizes.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of typeT. Size should not
be less then the value returned by orgqr_batch_scratchpad_size (GroupVersion).

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a Matrices pointed to by array a are overwritten by ng leading columns of the mg-by-mg orthogonal matrices Qi,
where g is an index of group of parameters corresponding to Qi.

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.75 orgqr_batch (USMStridedVersion)

Generates theorthogonalmatricesQi of thebatchQRfactorizations formedbygeqrf_batch (USMStridedVer-
sion). This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API
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11.75.1 Description

The routinegenerates thewholesorpartsof theorthogonalmatricesQ i of thebatchofQR factorizations formed
by the routine geqrf_batch (USM Strided Version). Usually, Q i is determined from the QR factorization of an
m-by-pmatrix A i with m ≥ p.

To compute thewholematrices Q i, use:

orgqr_batch(queue, m, m, p, a, ...)

Tocompute the leadingpcolumnsofQ i (which formanorthonormal basis in the space spannedby thecolumns
of A i):

orgqr_batch(queue, m, p, p, a, ...)

To compute thematrices Q i
k of theQR factorizations of leading k columns of thematrices A i:

orgqr_batch(queue, m, m, k, a, ...)

To compute the leading k columns of Q i
k (which form an orthonormal basis in the space spanned by leading k

columns of thematrices A i):

orgqr_batch(queue, m, k, k, a, ...)

11.75.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event orgqr_batch(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
std::int64_t k,
T *a,
std::int64_t lda,
std::int64_t stride_a,
T *tau,
std::int64_t stride_tau,
std::int64_t batch_size,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

This function supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU
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InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrices Ai (0 ≤ m).

n The number of columns in thematrices Ai (0 ≤ n).

k the number of elementary reflectors whose product defines thematrices Qi (0 ≤ k ≤ n) .

a Array resulting after a call to geqrf_batch (USMStridedVersion).

lda The leading dimension of Ai (lda ≥ m).

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

tau Array resulting after a call to geqrf_batch (USMStridedVersion).

stride_tau The stride between the beginnings of arrays taui inside the array tau.

batch_size The number of problems in a batch.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by orgqr_batch_scratchpad_size (StridedVersion).

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a Array data is overwritten by a batch of n leading columns of the m-by-m orthogonal matrices Qi.

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.
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11.76 orgqr_batch_scratchpad_size (GroupVersion)

Computes size of scratchpad memory required for orgqr_batch (Group Version) function. This routine be-
longs to the oneapi::mkl::lapack namespace.

• Description

• API

11.76.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the orgqr_batch (Group
Version) functionmust be able to hold.

11.76.2 API

Syntax

namespace oneapi::mkl::lapack {
std::int64_t orgqr_batch_scratchpad_size(sycl::queue &queue,
std::int64_t *m,
std::int64_t *n,
std::int64_t *k,
std::int64_t *lda,
std::int64_t group_count,
std::int64_t *group_sizes)

}

This function supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

queue Device queuewhere calculations will be performed.

m Array of group_count parameters mg as previously supplied to orgqr_batch (GroupVersion).

n Array of group_count parameters ng as previously supplied to orgqr_batch (GroupVersion).

k Array of group_count parameters kg as previously supplied to orgqr_batch (GroupVersion).

The number of elementary reflectors whose product defines thematrices Qi (0 ≤ kg≤ ngn).

lda The leading dimension of Ai as previously supplied to orgqr_batch (GroupVersion).

group_count Specifies the number of groups of parameters. Must be at least 0.

group_sizes Array of group_count integers. Array element with index g specifies the number of problems to
solve for each of the groups of parameters g. So the total number of problems to solve, batch_size, is a
sum of all parameter group sizes.
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the orgqr_batch (Group Version)
functionmust be able to hold.

11.77 orgqr_batch_scratchpad_size (StridedVersion)

Computes size of scratchpad memory required for orgqr_batch (Strided Version) function. This routine be-
longs to the oneapi::mkl::lapack namespace.

• Description

• API

11.77.1 Description

Computes thenumber of elements of typeT the scratchpadmemory tobepassed to theorgqr_batch (Strided
Version) functionmust be able to hold.

11.77.2 API

Syntax

namespace oneapi::mkl::lapack {
std::int64_t orgqr_batch_scratchpad_size(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
std::int64_t k,
std::int64_t lda,
std::int64_t stride_a,
std::int64_t stride_tau,
std::int64_t batch_size)

}
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InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrices Ai (0 ≤ m).

n The number of columns in thematrices Ai (0 ≤ n).

k the number of elementary reflectors whose product defines thematrices Qi (0 ≤ k ≤ n) .

lda The leading dimension of Ai (lda ≥ m).

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

stride_tau The stride between the beginnings of arrays taui inside the array tau.

batch_size The number of problems in a batch.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpadmemory to be passed to the orgqr_batch (StridedVersion)
functionmust be able to hold.

11.78 orgqr_scratchpad_size

Computes size of scratchpadmemory required for orgqr (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.78.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the orgqr (buffer or USM
version) functionmust be able to hold.
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11.78.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t orgqr_scratchpad_size(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
std::int64_t k,
std::int64_t lda)

}

InputParameters

queue Device queuewhere calculations by the orgqr (buffer or USMversion) function will be performed.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n).

k The number of elementary reflectors whose product defines thematrix Q (0 ≤ k ≤ n).

lda The leading dimension of a (lda ≥ m).

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the orgqr (buffer or USM version)
functionmust be able to hold.

11.79 orgtr

Generates the real orthogonal matrix Q determined by sytrd. This routine belongs to the oneapi::mkl::
lapack namespace.

• Description

• API
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11.79.1 Description

The routine explicitly generates then-by-northogonalmatrixQ formedby sytrdwhen reducing a real symmetric
matrix A to tridiagonal form: A = Q*T*QT. Use this routine after a call to sytrd.

11.79.2 API

Syntax

namespace oneapi::mkl::lapack {
void orgtr(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &tau,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

orgtr supports the following precisions and devices:

T Devices supported
float CPU
double CPU

InputParameters

queue Device queuewhere calculations will be performed.

uplo Must be uplo::upper or uplo::lower. Uses the same uplo as supplied to the sytrd function

n The order of matrix Q (0 ≤ n).

a The buffer a returned by the sytrd function. The second dimension of amust be at least max(1, n).

tau Buffer holding tau returned by the sytrd function.

lda The leading dimension of a (lda ≥ n).

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the orgtr_scratchpad_size function.
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OutputParameters

a Overwritten by the orthogonal matrix Q.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non-zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

11.80 orgtr (USMVersion)

Generates the real orthogonalmatrixQdeterminedby the sytrd (USMVersion) function. This routinebelongs
to the oneapi::mkl::lapack namespace.

• Description

• API

11.80.1 Description

The routine explicitly generates the n-by-n orthogonalmatrix Q formedby sytrd (USMVersion)when reducing
a real symmetricmatrix A to tridiagonal form: A = Q*T*QT. Use this routine after a call to sytrd (USMVersion).

11.80.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event orgtr(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
T *a,
std::int64_t lda,
T *tau,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}
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orgtr (USMversion) supports the following precision and devices.

T Devices Supported
float CPU
double CPU

InputParameters

queue Device queuewhere calculations will be performed.

uplo Must be uplo::upper or uplo::lower. Uses the same uplo as supplied to the sytrd (USMVersion) function

n The order of matrix Q (0 ≤ n).

a The pointer a returned by the sytrd (USM Version) function. The second dimension of a must be at least
max(1, n).

tau The pointer to tau returned by the geqrf (USMVersion) function.

lda The leading dimension of a (lda ≥ n).

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the orgtr_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a Overwritten by the orthogonal matrix Q.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non-zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.
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ReturnValues

Output event to wait on to ensure computation is complete.

11.81 orgtr_scratchpad_size

Computes size of scratchpadmemory required for orgtr (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.81.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the orgtr (buffer or USM
version) functionmust be able to hold.

11.81.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
orgtr_scratchpad_size(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
std::int64_t lda)

}

InputParameters

queue Device queuewhere calculations by the orgtr (buffer or USMversion) function will be performed.

uplo Must be uplo::upper or uplo::lower. Uses the same uplo as supplied to the sytrd (USMVersion) function.

n The order of matrix Q (0 ≤ n).

lda The leading dimension of a (lda ≥ n).

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.
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ReturnValues

The number of elements of type T the scratchpad memory to be passed to the orgtr (buffer or USM version)
functionmust be able to hold.

11.82 ormqr

Multiplies a realmatrix by theorthogonalmatrixQof theQR factorization formedbygeqrf. This routinebelongs
to the oneapi::mkl::lapack namespace.

• Description

• API

11.82.1 Description

The routinemultiplies a real matrix C by Q or QT, where Q is the orthogonal matrix Q of the QR factorization formed
by the routine geqrf.

Depending on the parameters left_right and trans, the routine can form one of the matrix products Q*C,
QT*C, C*Q, or C*QT (overwriting the result on C).

11.82.2 API

Syntax

namespace oneapi::mkl::lapack {
void ormqr(sycl::queue &queue,
mkl::side side,
mkl::transpose trans,
std::int64_t m,
std::int64_t n,
std::int64_t k,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &tau,
sycl::buffer<T> &c,
std::int64_t ldc,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

ormqr supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU
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InputParameters

queue Device queuewhere calculations will be performed.

side If side = mkl::side::left, Q or QT is applied to C from the left. If side = mkl::side::right, Q or QT is
applied to C from the right.

trans If trans=mkl::transpose::trans, the routinemultiplies C by Q.

If trans=mkl::transpose::nontrans, the routinemultiplies C by QT.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n ≤ m).

k The number of elementary reflectors whose product defines thematrix Q (0 ≤ k ≤ n).

a Buffer holding the result of the geqrf function. . The second dimension of amust be at least max(1,k).

lda The leading dimension of a.

tau Buffer holding tau returned by the geqrf function.

c Buffer holding thematrix C. The second dimension of cmust be at least max(1,n).

ldc The leading dimension of c.

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the ormqr_scratchpad_size function.

OutputParameters

c Overwritten by the product Q*C, QT*C, C*Q, or C*QT (as specified by left_right and trans).

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.
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11.83 ormqr (USMVersion)

Multiplies a real matrix by the orthogonal matrix Q of the QR factorization formed by the geqrf (USMVersion)
function. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.83.1 Description

The routinemultiplies a real matrix C by Q or QT, where Q is the orthogonal matrix Q of the QR factorization formed
by the routine geqrf (USMVersion).

Depending on the parameters side and trans, the routine can form one of thematrix products Q*C, QT*C, C*Q,
or C*QT (overwriting the result on C).

11.83.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event ormqr(sycl::queue &queue,
mkl::side side,
mkl::transpose trans,
std::int64_t m,
std::int64_t n,
std::int64_t k,
T *a,
std::int64_t lda,
T *tau,
T *c,
std::int64_t ldc,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

ormqr (USMversion) supports the following precisions and devices:

T Devices supported
float CPU, GPU
double CPU, GPU
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InputParameters

queue Device queuewhere calculations will be performed.

side If side = mkl::side::left, Q or QT is applied to C from the left. If side = mkl::side::right, Q or QT is
applied to C from the right.

trans If trans=mkl::transpose::trans, the routinemultiplies C by Q.

If trans=mkl::transpose::nontrans, the routinemultiplies C by QT.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n ≤ m).

k The number of elementary reflectors whose product defines thematrix Q (0 ≤ k ≤ n).

a The pointer to the result of the geqrf (USMVersion) function. . The second dimension of amust be at least
max(1,k).

lda The leading dimension of a.

tau The pointer to tau returned by the geqrf (USMVersion) function.

c The pointer to thematrix C. The second dimension of cmust be at least max(1,n).

ldc The leading dimension of c.

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the ormqr_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

c Overwritten by the product Q*C, QT*C, C*Q, or C*QT (as specified by side and trans).

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.
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ReturnValues

Output event to wait on to ensure computation is complete.

11.84 ormqr_scratchpad_size

Computes size of scratchpadmemory required for ormqr (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.84.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the ormqr (buffer or USM
version) functionmust be able to hold.

11.84.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t ormqr_scratchpad_size(sycl::queue &queue,
mkl::side side,
mkl::transpose trans,
std::int64_t m,
std::int64_t n,
std::int64_t k,
std::int64_t lda,
std::int64_t ldc)
}

InputParameters

queue Device queuewhere calculations by the ormqr (buffer or USMversion) function will be performed.

side If side=mkl::side::left, Q or QT is applied to C from the left.

If side=mkl::side::right, Q or QT is applied to C from the right.

trans If trans=mkl::transpose::trans, the routinemultiplies C by Q.

If trans=mkl::transpose::nontrans, the routinemultiplies C by QT.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n ≤ m).

k The number of elementary reflectors whose product defines thematrix Q (0 ≤ k ≤ n).

lda The leading dimension of a.

ldc The leading dimension of c.
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the ormqr (buffer or USM version)
functionmust be able to hold.

11.85 ormrq

Multiplies a real matrix by the orthogonal matrix Q of the RQ factorization formed by gerqf.

• Description

• API

11.85.1 Description

The routinemultiplies a real m-by-nmatrix Cby Qor QT, where Q is the real orthogonalmatrix defined as a product
of k elementary reflectors Hi : Q = H1H2 ... Hk as returned by the RQ factorization routine gerqf.

Depending on the parameters side and trans, the routine can form one of thematrix products Q*C, QT*C, C*Q,
or C*QT (overwriting the result over C).

11.85.2 API

Syntax

namespace oneapi::mkl::lapack {
void ormrq(sycl::queue &queue,
mkl::side side,
mkl::transpose trans,
std::int64_t m,
std::int64_t n,
std::int64_t k,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &tau,
sycl::buffer<T> &c,
std::int64_t ldc,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}
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ormrq supports the following precisions and devices:

T Devices supported
float CPU
double CPU

InputParameters

queue Device queuewhere calculations will be performed.

side If side = mkl::side::left, Q or QT is applied to C from the left. If side = mkl::side::right, Q or QT is
applied to C from the right.

trans If trans=mkl::transpose::trans, the routinemultiplies C by Q.

If trans=mkl::transpose::nontrans, the routinemultiplies C by QT.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n ≤ m).

k The number of elementary reflectors whose product defines thematrix Q (0 ≤ k ≤ n).

a Buffer holding the result of the gerqf function. The second dimension of amust be at least max(1,k).

lda The leading dimension of a.

tau Buffer holding tau returned by the gerqf function.

c Buffer holding thematrix C. The second dimension of cmust be at least max(1,n).

ldc The leading dimension of c.

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the ormrq_scratchpad_size function.

OutputParameters

c Overwritten by the product Q*C, QT*C, C*Q, or C*QT (as specified by side and trans).

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the
exception object: If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.
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ApplicationNotes

The complex counterpart of this routine is unmrq.

11.86 ormrq (USMVersion)

Multiplies a real matrix by the orthogonal matrix Q of the RQ factorization formed by the gerqf (USMVersion)
function. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.86.1 Description

The routine multiplies a real matrix C by Q or QT, where Q is the real orthogonal matrix Q of the RQ factorization
routine gerqf (USMVersion).

Depending on the parameters side and trans, the routine can form one of thematrix products Q*C, QT*C, C*Q,
or C*QT (overwriting the result on C).

11.86.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event ormrq(sycl::queue &queue,
mkl::side side,
mkl::transpose trans,
std::int64_t m,
std::int64_t n,
std::int64_t k,
T *a,
std::int64_t lda,
T *tau,
T *c,
std::int64_t ldc,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

ormrq (USMversion) supports the following precisions and devices:

T Devices supported
float CPU
double CPU

506



Intel® oneAPIMath Kernel Library

InputParameters

queue Device queuewhere calculations will be performed.

side If side = mkl::side::left, Q or QT is applied to C from the left. If side = mkl::side::right, Q or QT is
applied to C from the right.

trans If trans=mkl::transpose::trans, the routinemultiplies C by Q.

If trans=mkl::transpose::nontrans, the routinemultiplies C by QT.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n ≤ m).

k The number of elementary reflectors whose product defines thematrix Q (0 ≤ k ≤ n).

a The pointer to the result of the gerqf (USMVersion) function. The second dimension of amust be at least
max(1,k).

lda The leading dimension of a.

tau The pointer to tau returned by the gerqf (USMVersion) function.

c The pointer to thematrix C. The second dimension of cmust be at least max(1,n).

ldc The leading dimension of c.

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the ormrq_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

c Overwritten by the product Q*C, QT*C, C*Q, or C*QT (as specified by side and trans).

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.
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ReturnValues

Output event to wait on to ensure computation is complete.

11.87 ormrq_scratchpad_size

Computes size of scratchpadmemory required for ormrq (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.87.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the ormrq (buffer or USM
version) functionmust be able to hold.

11.87.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t ormrq_scratchpad_size(sycl::queue &queue,
mkl::side side,
mkl::transpose trans,
std::int64_t m,
std::int64_t n,
std::int64_t k,
std::int64_t lda,
std::int64_t ldc)

}

InputParameters

queue Device queuewhere calculations by the ormrq (buffer or USMversion) function will be performed.

side If side = mkl::side::left, Q or QT is applied to C from the left. If side = mkl::side::right, Q or QT is
applied to C from the right.

trans If trans=mkl::transpose::trans, the routinemultiplies C by Q.

If trans=mkl::transpose::nontrans, the routinemultiplies C by QT.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n ≤ m).

k The number of elementary reflectors whose product defines thematrix Q (0 ≤ k ≤ n).

lda The leading dimension of a.

ldc The leading dimension of c.
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the ormrq (buffer or USM version)
functionmust be able to hold.

11.88 ormtr

Multiplies a realmatrix by the real orthogonalmatrix Qdeterminedby sytrd. This routine belongs to the oneapi:
:mkl::lapack namespace.

• Description

• API

11.88.1 Description

QT, where Q is the orthogonal matrix Q formed by sytrd when reducing a real symmetric matrix A to tridiagonal
form: A = Q*T*QT. Use this routine after a call to sytrd.

Depending on the parameters left_right and trans, the routine can form one of the matrix products Q*C, QT*C,
C*Q, or C*QT (overwriting the result on C).

The routinemultiplies a real matrix C by Q or

11.88.2 API

Syntax

namespace oneapi::mkl::lapack {
void ormtr(sycl::queue &queue,
mkl::side side,
mkl::uplo uplo,
mkl::transpose trans,
std::int64_t m,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &tau,
sycl::buffer<T> &c,

(continues on next page)
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(continued from previous page)

std::int64_t ldc,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

ormtr supports the following precisions and devices:

T Devices supported
float CPU
double CPU

InputParameters

In the descriptions below, r denotes the order of Q:

r = m if left_right = side::left
r = n if left_right = side::right

queue Device queuewhere calculations will be performed.

side Must be either side::left or side::right.

If side = side::left, Q or QT is applied to C from the left.

If side = side::right, Q or QT is applied to C from the right.

uplo Must be either uplo::upper or uplo::lower. Uses the same uplo as supplied to sytrd.

trans Must be either transpose::nontrans or transpose::trans.

If trans = transpose::nontrans, the routinemultiplies C by Q.

If trans = transpose::trans, the routinemultiplies C by QT.

m The number of rows in thematrix C(m ≥ 0).

n The number of columns in thematrix C(n ≥ 0).

a Buffer holding array returned by sytrd.

lda The leading dimension of a (max(1, r) ≤ lda).

tau Buffer holding tau returned by sytrd. The dimension of taumust be at least max(1, r-1).

c Buffer holding thematrix C. The second dimension of cmust be at least max(1, n).

ldc The leading dimension of c (max(1, n) ≤ ldc).

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the ormtr_scratchpad_size function.
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OutputParameters

c Overwritten by the product Q*C, QT*C, C*Q, or C*QT (as specified by side and trans).

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non-zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

11.89 ormtr (USMVersion)

Multiplies a real matrix by the real orthogonal matrix Q determined by the sytrd (USM Version) function. This
routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.89.1 Description

The routine multiplies a real matrix C by Q or QT, where Q is the orthogonal matrix Q formed by sytrd (USMVer-
sion) when reducing a real symmetric matrix A to tridiagonal form: A = Q*T*QT. Use this routine after a call to
sytrd (USMVersion).

Depending on the parameters side and trans, the routine can form one of thematrix products Q*C, QT*C, C*Q, or
C*QT (overwriting the result on C).

11.89.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event ormtr(sycl::queue &queue,
mkl::side side,
mkl::uplo uplo,
mkl::transpose trans,
std::int64_t m,
std::int64_t n,

(continues on next page)
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T *a,
std::int64_t lda,
T *tau,
T *c,
std::int64_t ldc,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

ormtr (USMversion) supports the following precisions and devices:

T Devices supported
float CPU
double CPU

InputParameters

In the descriptions below, r denotes the order of Q:

r = m if side = side::left
r = n if side = side::right

queue Device queuewhere calculations will be performed.

side Must be either side::left or side::right.

If side = side::left, Q or QT is applied to C from the left.

If side = side::right, Q or QT is applied to C from the right.

uplo Must be either uplo::upper or uplo::lower. Uses the same uplo as supplied to sytrd (USMVersion).

trans Must be either transpose::nontrans or transpose::trans.

If trans = transpose::nontrans, the routinemultiplies C by Q.

If trans = transpose::trans, the routinemultiplies C by QT.

m The number of rows in thematrix C(m ≥ 0).

n The number of columns in thematrix C(n ≥ 0).

a The pointer tomemory returned by sytrd (USMVersion).

lda The leading dimension of a (max(1, r) ≤ lda).

tau The pointer to tau returned by sytrd (USMVersion). The dimension of taumust be at least max(1, r-1).

c The pointer tomemory containing thematrix C. The second dimension of cmust be at least max(1, n).

ldc The leading dimension of c (max(1, n) ≤ ldc).
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scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the ormtr_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

c Overwritten by Q*C, QT*C, C*Q, or C*QT (as specified by side and trans).

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non-zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.90 ormtr_scratchpad_size

Computes size of scratchpadmemory required for ormtr (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.90.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the ormtr (buffer or USM
version) functionmust be able to hold.
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11.90.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t ormtr_scratchpad_size(sycl::queue &queue,
mkl::side side,
mkl::uplo uplo,
mkl::transpose trans,
std::int64_t m,
std::int64_t n,
std::int64_t lda,
std::int64_t ldc)

}

InputParameters

In the descriptions below, r denotes the order of Q:

r = m if side = side::left
r = n if side = side::right

queue Device queuewhere calculations by the ormtr (buffer or USMversion) function will be performed.

side Must be either side::left or side::right.

If side = side::left, Q or QT is applied to C from the left.

If side = side::right, Q or QT is applied to C from the right.

uplo Must be either uplo::upper or uplo::lower. Uses the same uplo as supplied to sytrd (USMVersion).

trans Must be either transpose::nontrans or transpose::trans.

If trans = transpose::nontrans, the routinemultiplies C by Q.

If trans = transpose::trans, the routinemultiplies C by QT.

m The number of rows in thematrix C(m ≥ 0).

n The number of columns in thematrix C(n ≥ 0).

lda The leading dimension of a (max(1, r) ≤ lda).

ldc The leading dimension of c (max(1, n) ≤ ldc).

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.
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ReturnValues

The number of elements of type T the scratchpad memory to be passed to the ormtr (buffer or USM version)
functionmust be able to hold.

11.91 potrf

Computes the Cholesky factorization of a symmetric (Hermitian) positive-definite matrix.This routine belongs
to the oneapi::mkl::lapack namespace.

• Description

• API

11.91.1 Description

The routine forms the Cholesky factorization of a symmetric positive-definite or, for complex data, Hermitian
positive-definitematrix A:

A = UT*U for real data, A = UH*U for complex data if uplo=mkl::uplo::upper
A = L*LT for real data, A = L*LH for complex data if uplo=mkl::uplo::lower

where L is a lower triangular matrix and U is upper triangular.

11.91.2 API

Syntax

namespace oneapi::mkl::lapack {
void potrf(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

potrf supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU
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InputParameters

queue Device queuewhere calculations will be performed.

uplo Indicates whether the upper or lower triangular part of A is stored and how A is factored:

If uplo=mkl::uplo::upper, thearrayastores theupper triangularpartof thematrixA, and thestrictly lower
triangular part of thematrix is not referenced.

If uplo=mkl::uplo::lower, thearrayastores the lower triangularpartof thematrixA, and thestrictlyupper
triangular part of thematrix is not referenced.

n Specifies the order of thematrix A (0 ≤ n).

a Buffer holding inputmatrixA. The array holding inputmatrix a contains either theupper or the lower triangular
part of thematrix A (see uplo). The second dimension of amust be at least max(1, n).

lda The leading dimension of a.

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the potrf_scratchpad_size function.

OutputParameters

a The buffer a is overwritten by theCholesky factor U or L, as specified by uplo.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info = i, and detail() returns0, the leadingminor of order i (and there-
fore the matrix A itself) is not positive-definite, and the factorization could
not be completed. Thismay indicate an error in forming thematrix A.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

KnownLimitations

• GPU support is for only real precisions.

• GPU support for this function does not include error reporting through the info parameter.
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11.92 potrf (USMVersion)

Computes the Cholesky factorization of a symmetric (Hermitian) positive-definite matrix.This routine belongs
to the oneapi::mkl::lapack namespace.

• Description

• API

11.92.1 Description

The routine forms the Cholesky factorization of a symmetric positive-definite or, for complex data, Hermitian
positive-definitematrix A:

A = UT*U for real data, A = UH*U for complex data if uplo=mkl::uplo::upper
A = L*LT for real data, A = L*LH for complex data if uplo=mkl::uplo::lower

where L is a lower triangular matrix and U is upper triangular.

11.92.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event potrf(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
T *a,
std::int64_t lda,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

TheUSMversion of potrf supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU
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InputParameters

queue Device queuewhere calculations will be performed.

uplo Indicates whether the upper or lower triangular part of A is stored and how A is factored:

If uplo=mkl::uplo::upper, thearrayastores theupper triangularpartof thematrixA, and thestrictly lower
triangular part of thematrix is not referenced.

If uplo=mkl::uplo::lower, thearrayastores the lower triangularpartof thematrixA, and thestrictlyupper
triangular part of thematrix is not referenced.

n Specifies the order of thematrix A (0 ≤ n).

a Pointer to inputmatrix A. The array holding inputmatrix a contains either the upper or the lower triangular part
of thematrix A (see uplo). The second dimension of amust be at least max(1, n).

lda The leading dimension of a.

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the potrf_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a Thememory pointed to by pointer a is overwritten by theCholesky factor U or L, as specified by uplo.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info = i, and detail() returns0, the leadingminor of order i (and there-
fore the matrix A itself) is not positive-definite, and the factorization could
not be completed. Thismay indicate an error in forming thematrix A.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.
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ReturnValues

Output event to wait on to ensure computation is complete.

11.93 potrf_batch (BufferStridedVersion)

Computes theCholesky factorizationsof abatchof symmetric (orHermitian, for complexdata) positive-definite
matrices. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.93.1 Description

The routine forms the Cholesky factorizations of a symmetric positive-definite or, for complex data, Hermitian
positive-definitematrices Ai, iϵ{1...batch_size}:

• Ai = UiT * Ui for real data, Ai = UiH * Ui for complex data. if uplo = mkl::uplo::upper,

• Ai = LiT * Li for real data, Ai = LiH * Li for complex data if uplo = mkl::uplo::lower

Where Li is a lower triangular matrix and Ui is an upper triangular matrix.

11.93.2 API

Syntax

namespace oneapi::mkl::lapack {
void potrf_batch(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
std::int64_t stride_a,
std::int64_t batch_size,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU
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InputParameters

queue Device queuewhere calculations will be performed.

uplo Indicates whether the upper or lower triangular part of Ai is stored and how Ai is factored:

If uplo =mkl::uplo::upper, the array a stores the upper triangular parts of thematrices Ai.

If uplo =mkl::uplo::lower, the array a stores the lower triangular parts of thematrices Ai.

n Specifies the order of thematrices Ai, (0 ≤ n).

a Array containing abatchof inputmatrices Ai, eachof Ai beingof size lda*n andholding either uppoer or lower
triangular parts of thematrices Ai (see uplo).

lda The leading dimension of Ai.

stride_a The stride between the beginnings ofmatrices Ai inside the batch.

batch_size The number of problems in a batch.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of typeT. Size should not
be less then the value returned by potrf_batch_scratchpad_size (StridedVersion).

OutputParameters

a The batch array a is overwritten by theCholesky factor Ui or Li, as specified by uplo .

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.
Ifinfo is zero, then thediagonal elementof someofUi is zero, and thesolve
could not be completed. The indexes of suchmatrices in the batch canbe
obtained with the ids()method of the exception object. You can obtain
the indexes of the first zero diagonal elements in these Ui matrices using
the infos()method of the exception object.
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11.94 potrf_batch (GroupVersion)

Computes theCholesky factorizationsof abatchof symmetric (orHermitian, for complexdata) positive-definite
matrices. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.94.1 Description

The routine forms the Cholesky factorizations of a symmetric positive-definite or, for complex data, Hermitian
positive-definitematrices Ai, iϵ{1...batch_size}:

• Ai = UiT * Ui for real data, Ai = UiH * Ui for complex data. if uplog = mkl::uplo::upper,

• Ai = LiT * Li for real data, Ai = LiH * Li for complex data if uplog = mkl::uplo::lower

Where Li is a lower triangular matrix and Ui is an upper triangular matrix, g is an index of group of parameters
corresponding toAi, and the total numberof problems to solve,batch_size, is a sumof sizes for all of thegroups
of parameters as provided by the group_sizes array.

11.94.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event potrf_batch(sycl::queue &queue,
mkl::uplo *uplo,
std::int64_t *n,
T **a,
std::int64_t *lda,
std::int64_t group_count,
std::int64_t *group_sizes,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU
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InputParameters

queue Device queuewhere calculations will be performed.

uplo Array of group_countuplog parameters.

Each of uplog indicates whether the upper or lower triangular parts of the inputmatrices are provided:

If uplog=mkl::uplo::upper, input matrices from array a belonging to group g store the upper triangular
parts.

If uplog=mkl::uplo::lower, input matrices from array a belonging to group g store the lower triangular
parts.

n Array of group_count parameters ng.

Each ng specifies the order of the inputmatrices from array a belonging to group g.

a Array of batch_size pointers to input matrices Ai, each being of size ldag*ng (g is an index of the group to
which Ai belongs) and holding either upper or lower triangular part as specified by uplog.

lda Array of group_count parameters ldag.

Each ldag specifies the leading dimension ofmatrices from a belonging to group g.

group_count Specifies the number of groups of parameters. Must be at least 0.

group_sizes Array of group_count integers. Array element with index g specifies the number of problems to
solve for each of the groups of parameters g. So the total number of problems to solve, batch_size, is a
sum of all parameter group sizes.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of typeT. Size should not
be less then the value returned by potrf_batch_scratchpad_size (GroupVersion).

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a Thematrices pointed to by array a are overwritten by the Cholesky factors Ui or Li, as specified by uplog from
the corresponding group of parameters.
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Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.
Ifinfo is zero, then thediagonal elementof someofUi is zero, and thesolve
could not be completed. The indexes of suchmatrices in the batch canbe
obtained with the ids()method of the exception object. You can obtain
the indexes of the first zero diagonal elements in these Ui matrices using
the infos()method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.95 potrf_batch (USMStridedVersion)

Computes theCholesky factorizationsof abatchof symmetric (orHermitian, for complexdata) positive-definite
matrices. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.95.1 Description

The routine forms the Cholesky factorizations of a symmetric positive-definite or, for complex data, Hermitian
positive-definitematrices Ai, iϵ{1...batch_size}:

• Ai = UiT * Ui for real data, Ai = UiH * Ui for complex data. if uplo = mkl::uplo::upper,

• Ai = LiT * Li for real data, Ai = LiH * Li for complex data if uplo = mkl::uplo::lower

Where Li is a lower triangular matrix and Ui is an upper triangular matrix.
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11.95.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event potrf_batch(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
T *a,
std::int64_t lda,
std::int64_t stride_a,
std::int64_t batch_size,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

uplo Indicates whether the upper or lower triangular part of Ai is stored and how Ai is factored:

If uplo =mkl::uplo::upper, the array a stores the upper triangular parts of thematrices Ai.

If uplo =mkl::uplo::lower, the array a stores the lower triangular parts of thematrices Ai.

n Specifies the order of thematrices Ai, (0 ≤ n).

a Array containing abatchof inputmatrices Ai, eachof Ai beingof size lda*n andholding either uppoer or lower
triangular parts of thematrices Ai (see uplo).

lda The leading dimension of Ai.

stride_a The stride between the beginnings ofmatrices Ai inside the batch.

batch_size The number of problems in a batch.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of typeT. Size should not
be less then the value returned by potrf_batch_scratchpad_size (StridedVersion).

events List of events to wait for before starting computation. Defaults to empty list.
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OutputParameters

a The batch array a is overwritten by theCholesky factor Ui or Li, as specified by uplo .

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.
Ifinfo is zero, then thediagonal elementof someofUi is zero, and thesolve
could not be completed. The indexes of suchmatrices in the batch canbe
obtained with the ids()method of the exception object. You can obtain
the indexes of the first zero diagonal elements in these Ui matrices using
the infos()method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.96 potrf_batch_scratchpad_size (GroupVersion)

Computes the size of scratchpad memory required for potrf_batch (Group Version) function. This routine
belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.96.1 Description

Computes the number of elements of type T the scratchpad memory to be passed to the potrf_batch (Group
Version) functionmust be able to hold.
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11.96.2 API

Syntax

namespace oneapi::mkl::lapack {
std::int64_t potrf_batch_scratchpad_size(sycl::queue &queue,
mkl::uplo *uplo,
std::int64_t *n,
std::int64_t *lda,
std::int64_t group_count,
std::int64_t *group_sizes)

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

uplo Array of group_count parameters uplog.

Each of uplog indicates whether the upper or lower triangular parts of the inputmatrices are provided.

If uplog=mkl::uplo::upper, input matrices from array a belonging to group g store the upper triangular
parts.

If uplog=mkl::uplo::lower, input matrices from array a belonging to group g store the lower triangular
parts.

n Array of group_countng parameters.

Each ng specifies the order of the inputmatrices belonging to group g.

lda Array of group_count parameters ldag.

Each ldag specifies the leading dimension of thematrices belonging to group g.

group_count Specifies the number of groups of parameters. Must be at least 0.

group_sizes Array of group_count integers. Array element with index g specifies the number of problems to
solve for each of the groups of parameters g. So the total number of problems to solve, batch_size, is a
sum of all parameter group sizes.
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the potrf_batch (Group Version)
functionmust be able to hold.

11.97 potrf_batch_scratchpad_size (StridedVersion)

Computes size of scratchpad memory required for potrf_batch (Strided Version) function. This routine be-
longs to the oneapi::mkl::lapack namespace.

• Description

• API

11.97.1 Description

Computes thenumber of elements of typeT the scratchpadmemory tobepassed to thepotrf_batch (Strided
Version) functionmust be able to hold.

11.97.2 API

Syntax

namespace oneapi::mkl::lapack {
std::int64_t potrf_batch_scratchpad_size(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
std::int64_t lda,
std::int64_t stride_a,
std::int64_t batch_size)

}
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InputParameters

queue Device queuewhere calculations will be performed.

uplo Indicates whether the upper or lower triangular part of Ai is stored and how Ai is factored:

If uplo =mkl::uplo::upper, the array a stores the upper triangular parts of thematrices Ai.

If uplo =mkl::uplo::lower, the array a stores the lower triangular parts of thematrices Ai.

n Specifies the order of thematrices Ai, (0 ≤ n).

lda The leading dimension of Ai.

stride_a The stride between the beginnings ofmatrices Ai inside the batch.

batch_size The number of problems in a batch.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpadmemory to be passed to the potrf_batch (StridedVersion)
functionmust be able to hold.

11.98 potrf_scratchpad_size

Computes size of scratchpadmemory required for potrf (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.98.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the potrf (buffer or USM
version) functionmust be able to hold.
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11.98.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t potrf_scratchpad_size(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
std::int64_t lda)

}

InputParameters

queue Device queuewhere calculations by the potrf (buffer or USMversion) function will be performed.

uplo Indicates whether the upper or lower triangular part of A is stored and how A is factored:

If uplo=mkl::uplo::upper, thearrayastores theupper triangularpartof thematrixA, and thestrictly lower
triangular part of thematrix is not referenced.

If uplo=mkl::uplo::lower, thearrayastores the lower triangularpartof thematrixA, and thestrictlyupper
triangular part of thematrix is not referenced.

n Specifies the order of thematrix A (0 ≤ n).

lda The leading dimension of A.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the potrf (buffer or USM version)
functionmust be able to hold.

11.99 potri

Computes the inverseof a symmetric (Hermitian) positive-definitematrix using theCholesky factorization. This
routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API
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11.99.1 Description

The routine computes the inverse inv(A) of a symmetric positive definite or, for complex flavors, Hermitian
positive-definitematrix A. Before calling this routine, call potrf to factorize A.

11.99.2 API

Syntax

namespace oneapi::mkl::lapack {
void potri(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

potri supports the following precisions and devices:

T Devices Supported
float CPU andGPU
double CPU andGPU
std::complex<float> CPU andGPU
std::complex<double> CPU andGPU

InputParameters

queue Device queuewhere calculations will be performed.

uplo Indicates how the inputmatrix A has been factored:

If uplo = mkl::uplo::upper, the upper triangle of A is stored.

If uplo = mkl::uplo::lower, the lower triangle of A is stored.

n Specifies the order of thematrix A (0 ≤ n).

a Contains the factorization of the matrix A, as returned by potrf (USMVersion). The second dimension of a
must be at least max(1, n).

lda The leading dimension of a.

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the potri_scratchpad_size function.
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OutputParameters

a Overwritten by the upper or lower triangle of the inverse of A. Specified by uplo.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info = i, the i-th diagonal element of the Cholesky factor (and there-
fore the factor itself) is zero, and the inversion could not be completed.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

11.100 potri (USMVersion)

Computes the inverseof a symmetric (Hermitian) positive-definitematrix using theCholesky factorization. This
routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.100.1 Description

The routine computes the inverse inv(A) of a symmetric positive definite or, for complex flavors, Hermitian
positive-definitematrix A. Before calling this routine, call potrf (USMVersion) to factorize A.

11.100.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event potri(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
T* a,
std::int64_t lda,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}
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potri (USMversion) supports the following precisions and devices:

T Devices Supported
float CPU, GPU
double CPU, GPU
std::complex<float> CPU, GPU
std::complex<double> CPU, GPU

InputParameters

queue Device queuewhere calculations will be performed.

uplo Indicates how the inputmatrix A has been factored:

If uplo = mkl::uplo::upper, the upper triangle of A is stored.

If uplo = mkl::uplo::lower, the lower triangle of A is stored.

n Specifies the order of thematrix A (0 ≤ n).

a Contains the factorization of the matrix A, as returned by potrf (USMVersion). The second dimension of a
must be at least max(1, n).

lda The leading dimension of a.

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the potri_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a Overwritten by the upper or lower triangle of the inverse of A. Specified by uplo.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info = i, the i-th diagonal element of the Cholesky factor (and there-
fore the factor itself) is zero, and the inversion could not be completed.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.
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ReturnValues

Output event to wait on to ensure computation is complete.

11.101 potri_scratchpad_size

Computes size of scratchpadmemory required for potri (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.101.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the potri (buffer or USM
version) functionmust be able to hold.

11.101.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t potri_scratchpad_size(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
std::int64_t lda)

}

InputParameters

queue Device queuewhere calculations by the potri (buffer or USMversion) function will be performed.

uplo Indicates how the inputmatrix A has been factored:

If uplo = mkl::uplo::upper, the upper triangle of A is stored.

If uplo = mkl::uplo::lower, the lower triangle of A is stored.

n Specifies the order of thematrix A (0 ≤ n).

lda The leading dimension of a.
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the potri (buffer or USM version)
functionmust be able to hold.

11.102 potrs

Solvesasystemof linearequationswithaCholesky-factoredsymmetric (Hermitian)positive-definitecoefficient
matrix. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.102.1 Description

Theroutinesolves forX thesystemof linearequationsA*X = Bwithasymmetricpositive-definiteor, forcomplex
data, Hermitian positive-definitematrix A, given theCholesky factorization of A:

A = UT*U for real data, A = UH*U for complex data if uplo=mkl::uplo::upper
A = L*LT for real data, A = L*LH for complex data if uplo=mkl::uplo::lower

where L is a lower triangularmatrix and U is upper triangular. The system is solvedwithmultiple right-hand sides
stored in the columns of thematrix B.

Before calling this routine, youmust call potrf to compute the Cholesky factorization of A.

11.102.2 API

Syntax

namespace oneapi::mkl::lapack {
void potrs(sycl::queue &queue, mkl::uplo uplo,
std::int64_t n,
std::int64_t nrhs,
sycl::buffer<T> &a,
std::int64_t lda,

(continues on next page)
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(continued from previous page)

sycl::buffer<T> &b,
std::int64_t ldb,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

potrs supports the following precisions and devices:

T Devices Supported
float CPU andGPU
double CPU andGPU
std::complex<float> CPU andGPU
std::complex<double> CPU andGPU

InputParameters

queue Device queuewhere calculations will be performed.

uplo Indicates how the inputmatrix has been factored:

If uplo=mkl::uplo::upper, the upper triangle U of A is stored, where A = UT*U for real data, A = UH*U for
complex data.

If uplo=mkl::uplo::lower, the upper triangle L of A is stored, where A = L*LT for real data, A = L*LH for
complex data.

n The order of matrix A (0 ≤ n).

nrhs The number of right-hand sides (0 ≤ nrhs).

a Buffer holding factorization of thematrix A, as returned by potrf. The second dimension of a must be at least
max(1, n).

lda The leading dimension of a.

b Buffer holding the data ofmatrix Bwhose columns are the right-hand sides for the systems of equations. The
second dimension of bmust be at least max(1,nrhs).

ldb The leading dimension of b.

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the potrs_scratchpad_size function.

535



Intel® oneAPIMath Kernel Library

OutputParameters

b Buffer b is overwritten by the solutionmatrix X.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info = i, the i-th diagonal element of the Cholesky factor is zero, and
the solve could not be completed. If info is equal to the value passed as
scratchpadsize, anddetail() returnsnonzero, then thepassedscratchpad
has an insufficient size, and the required size should not be less than the
value returned by the detail() method of the exception object.

KnownLimitations

• GPU support is for only real precisions.

• GPU support for this function does not include error reporting through the info parameter.

11.103 potrs (USMVersion)

Solvesasystemof linearequationswithaCholesky-factoredsymmetric (Hermitian)positive-definitecoefficient
matrix. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.103.1 Description

The routine solves for X the system of linear equations A*X = Bwith a symmetric positive-definite or, for complex
data, Hermitian positive-definitematrix A, given theCholesky factorization of A:

A = UT*U for real data, A = UH*U for complex data if uplo=mkl::uplo::upper
A = L*LT for real data, A = L*LH for complex data if uplo=mkl::uplo::lower

where L is a lower triangularmatrix and U is upper triangular. The system is solvedwithmultiple right-hand sides
stored in the columns of thematrix B.

Before calling this routine, youmust call potrf (USMVersion) to compute the Cholesky factorization of A.
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11.103.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event potrs(

sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
std::int64_t nrhs,
T *a,
std::int64_t lda,
T *b,
std::int64_t ldb,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

potrs (USMversion) supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

uplo Indicates how the inputmatrix has been factored:

If uplo=mkl::uplo::upper, the upper triangle U of A is stored, where A = UT*U for real data, A = UH*U for
complex data.

If uplo=mkl::uplo::lower, the upper triangle L of A is stored, where A = L*LT for real data, A = L*LH for
complex data.

n The order of matrix A (0 ≤ n).

nrhs The number of right-hand sides (0 ≤ nrhs).

a Pointer to factorization of thematrix A, as returned bypotrf (USMVersion). The second dimension of amust
be at least max(1, n).

lda The leading dimension of a.

b Pointer to the data of matrix B whose columns are the right-hand sides for the systems of equations. The
second dimension of bmust be at least max(1,nrhs).

ldb The leading dimension of b.
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scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the potrs_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

b Thememory pointed to by pointer b is overwritten by the solutionmatrix X.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the
exception object:
If info = -i, the i-th parameter had an illegal value.
If info = i, the i-th diagonal element of the Cholesky factor is zero, and
the solve could not be completed.
If info is equal to the value passed as scratchpad size, and detail() re-
turnsnonzero, then thepassedscratchpadhasan insufficient size, and the
required size should not be less than the value returned by the detail()
method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.104 potrs_batch (BufferStridedVersion)

Solvesasystemof linearequationswithaCholesky-factoredsymmetric (Hermitian)positive-definitecoefficient
matrices. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.104.1 Description

The routine solves forXi the systemof linear equationsAi*Xi =Biwitha symmetricpositive-definiteor, for complex
data, Hermitian positive-definitematrices Ai, given theCholesky factorization of Ai, i ϵ{1...batch_size} :

• Ai = UiT*Ui for real data, Ai = UiH*Ui for complex data if uplo=mkl::uplo::upper

• Ai = Li*LiT for real data, Ai = Li*LiH for complex data if uplo=mkl::uplo::lower

whereLi is a lower triangularmatrix andUi is upper triangular. Thesystem is solvedwithmultiple right-handsides
stored in the columns of thematrix Bi.

Before calling this routine, matrices Ai should be factorized by a call to potrf_batch (Buffer StridedVersion).
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11.104.2 API

Syntax

namespace oneapi::mkl::lapack {
void potrs_batch(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
std::int64_t nrhs,
sycl::buffer<T> &a,
std::int64_t lda,
std::int64_t stride_a,
sycl::buffer<T> &b,
std::int64_t ldb,
std::int64_t stride_b,
std::int64_t batch_size,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

uplo Indicates how the inputmatrix has been factored:

If uplo=mkl::uplo::upper, the upper triangle Ui of Ai is stored, where Ai = UiT*Ui for real data, Ai = UiH*Ui for
complex data.

If uplo=mkl::uplo::lower, the upper triangle Li of Ai is stored, where Ai = Li*LiT for real data, Ai = Li*LiH for
complex data.

n The order of thematrices Ai (0 ≤ n).

nrhs The number of right hand sides (0 ≤ nrhs).

a Array containing the batch of factorizations of the matrices Ai, as returned by potrf_batch (Buffer Strided
Version).

lda The leading dimension of Ai.

stride_a The stride between the beginnings ofmatrices inside the batch array a.

b Thearraycontaining thebatchofmatricesBiwhosecolumnsare the right-handsides for thesystemsofequa-
tions.
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ldb The leading dimensions of Bi.

stride_b The stride between the beginnings ofmatrices Bi inside the batch array b.

batch_size The number of problems in a batch.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpad memory as a number of floating point elements of type T. Size should
not be less then the value returned by stride version of potrs_batch_scratchpad_size (StridedVersion)
function.

OutputParameters

b The batch array b is overwritten by the solutionmatrix Xi.

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.
Ifinfo is zero, then thediagonal elementof someofUi is zero, and thesolve
could not be completed. The indexes of suchmatrices in the batch canbe
obtained with the ids()method of the exception object. You can obtain
the indexes of the first zero diagonal elements in these Ui matrices using
the infos()method of the exception object.

11.105 potrs_batch (GroupVersion)

Solves a batch of systems of linear equations with a Cholesky-factored symmetric (Hermitian) positive-definite
coefficient matrices. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API
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11.105.1 Description

The routine solves for Xi the systems of linear equations Ai*Xi = Bi with a symmetric positive-definite or, for com-
plex data, Hermitian positive-definitematrices Ai, given theCholesky factorization of Ai, i ϵ{1...batch_size}
:

• Ai = UiT*Ui for real data, Ai = UiH*Ui for complex data if uplog=mkl::uplo::upper

• Ai = Li*LiT for real data, Ai = Li*LiH for complex data if uplog=mkl::uplo::lower

whereLi is a lower triangularmatrix andUi is upper triangular,g is an indexof groupof parameters corresponding
to Ai, and the total number of problems to solve, batch_size, is a sumof sizes for all of the groups of parameters
as provided by the group_sizes array.

The systems are solvedwithmultiple right-hand sides stored in the columns of thematrices Bi.

Before calling this routine, matrices Ai should be factorized by a call to potrf_batch (GroupVersion).

11.105.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event potrs_batch(sycl::queue &queue,
mkl::uplo *uplo, std::int64_t *n,
std::int64_t *nrhs,
T **a,
std::int64_t *lda,
T **b,
std::int64_t *ldb,
std::int64_t group_count,
std::int64_t *group_sizes,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU
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InputParameters

queue Device queuewhere calculations will be performed.

uplo Array of group_countuplog parameters.

Each of uplog indicates whether the upper or lower triangular parts of the inputmatrices are provided:

If uplog=mkl::uplo::upper, input matrices from array a belonging to group g store the upper triangular
parts.

If uplog=mkl::uplo::lower, input matrices from array a belonging to group g store the lower triangular
parts.

n Array of group_count parameters ng.

Each ng specifies the order of the inputmatrices from array a belonging to group g.

nrhs Array of group_count parameters nrhsg parameters.

Each nrhsg specifies the number of right-hand sides supplied for group g in corresponding part of array b.

a Array of batch_size pointers toCholesky factoredmatrices Ai as returned bypotrf_batch (GroupVersion).

lda Array of group_count parameters ldag.

Each ldag specifies the leading dimension ofmatrices from a belonging to group g.

b Array of batch_size pointers to right-hand side matrices Bi, each of size ldbg*nrhsg, where g is an index of
group corresponding to Bi.

ldb Array of group_count parameters ldbg.

Each ldbg specifies the leading dimension ofmatrices from b belonging to group g.

group_count Specifies the number of groups of parameters. Must be at least 0.

group_sizes Array of group_count integers. Array element with index g specifies the number of problems to
solve for each of the groups of parameters g. So the total number of problems to solve, batch_size, is a
sum of all parameter group sizes.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of typeT. Size should not
be less then the value returned by potrs_batch_scratchpad_size (GroupVersion).

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

b Thematrices pointed to by array b are overwritten by the solutionmatrices Xi.
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Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.
Ifinfo is zero, then thediagonal elementof someofUi is zero, and thesolve
could not be completed. The indexes of suchmatrices in the batch canbe
obtained with the ids()method of the exception object. You can obtain
the indexes of the first zero diagonal elements in these Ui matrices using
the infos()method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.106 potrs_batch (USMStridedVersion)

Solvesasystemof linearequationswithaCholesky-factoredsymmetric (Hermitian)positive-definitecoefficient
matrices. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.106.1 Description

The routine solves forXi the systemof linear equationsAi*Xi =Biwitha symmetricpositive-definiteor, for complex
data, Hermitian positive-definitematrices Ai, given theCholesky factorization of Ai, i ϵ{1...batch_size} :

• Ai = UiT*Ui for real data, Ai = UiH*Ui for complex data if uplo=mkl::uplo::upper

• Ai = Li*LiT for real data, Ai = Li*LiH for complex data if uplo=mkl::uplo::lower

whereLi is a lower triangularmatrix andUi is upper triangular. Thesystem is solvedwithmultiple right-handsides
stored in the columns of thematrix Bi.

Before calling this routine, matrices Ai should be factorized by a call to potrf_batch (USMStridedVersion).
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11.106.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event potrs_batch(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
std::int64_t nrhs,
T *a,
std::int64_t lda,
std::int64_t stride_a,
T *b,
std::int64_t ldb,
std::int64_t stride_b,
std::int64_t batch_size,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

uplo Indicates how the inputmatrix has been factored:

If uplo=mkl::uplo::upper, the upper triangle Ui of Ai is stored, where Ai = UiT*Ui for real data, Ai = UiH*Ui for
complex data.

If uplo=mkl::uplo::lower, the upper triangle Li of Ai is stored, where Ai = Li*LiT for real data, Ai = Li*LiH for
complex data.

n The order of thematrices Ai (0 ≤ n).

nrhs The number of right hand sides (0 ≤ nrhs).

a Array containing thebatchof factorizations of thematricesAi, as returnedbypotrf_batch (USMStridedVer-
sion).

lda The leading dimension of Ai.

stride_a The stride between the beginnings ofmatrices inside the batch array a.
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b Thearraycontaining thebatchofmatricesBiwhosecolumnsare the right-handsides for thesystemsofequa-
tions.

ldb The leading dimensions of Bi.

stride_b The stride between the beginnings ofmatrices Bi inside the batch array b.

batch_size The number of problems in a batch.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpad memory as a number of floating point elements of type T. Size should
not be less then the value returned by stride version of potrs_batch_scratchpad_size (StridedVersion)
function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

b Thememory pointed to by pointer batch array b is overwritten by the solutionmatrix Xi.

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.
Ifinfo is zero, then thediagonal elementof someofUi is zero, and thesolve
could not be completed. The indexes of suchmatrices in the batch canbe
obtained with the ids()method of the exception object. You can obtain
the indexes of the first zero diagonal elements in these Ui matrices using
the infos()method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.107 potrs_batch_scratchpad_size (GroupVersion)

Computes size of scratchpad memory required for potrs_batch (Group Version) function. This routine be-
longs to the oneapi::mkl::lapack namespace.
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• Description

• API

11.107.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the potrs_batch (Group
Version) functionmust be able to hold.

11.107.2 API

Syntax

namespace oneapi::mkl::lapack {
std::int64_t potrs_batch_scratchpad_size(

sycl::queue &queue,
mkl::uplo *uplo,
std::int64_t *n,
std::int64_t *nrhs,
std::int64_t *lda,
std::int64_t *ldb,
std::int64_t group_count,
std::int64_t *group_sizes)

}

This function supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

uplo Array of group_count parameters uplog.

Each of uplog indicates whether the upper or lower triangular parts of the inputmatrices are provided.

If uplog=mkl::uplo::upper, input matrices from array a belonging to group g store the upper triangular
parts.

If uplog=mkl::uplo::lower, input matrices from array a belonging to group g store the lower triangular
parts.

n Array of group_count parameters ng.

Each ng specifies the order of the inputmatrices belonging to group g.
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nrhs Array of nrhsg parameters.

Each nrhsg specifies the number of right-hand sides supplied for to group g.

lda Array of group_count parameters ldag.

Each ldag specifies the leading dimension of thematrices belonging to group g.

ldb Array of group_count parameters ldbg.

Each ldbg specifies the leading dimension of thematrices belonging to group g.

group_count Specifies the number of groups of parameters. Must be at least 0.

group_sizes Array of group_count integers. Array element with index g specifies the number of problems to
solve for each of the groups of parameters g. So the total number of problems to solve, batch_size, is a
sum of all parameter group sizes.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the potrs_batch (Group Version)
functionmust be able to hold.

11.108 potrs_batch_scratchpad_size (StridedVersion)

Computes size of scratchpad memory required for potrs_batch (Strided Version) function. This routine be-
longs to the oneapi::mkl::lapack namespace.

• Description

• API

11.108.1 Description

Computes thenumber of elements of typeT the scratchpadmemory tobepassed to thepotrs_batch (Strided
Version) functionmust be able to hold.
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11.108.2 API

Syntax

namespace oneapi::mkl::lapack {
std::int64_t potrs_batch_scratchpad_size(

sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
std::int64_t nrhs,
std::int64_t lda,
std::int64_t stride_a,
std::int64_t ldb,
std::int64_t stride_b,
std::int64_t batch_size)

}

InputParameters

queue Device queuewhere calculations will be performed.

uplo Indicates how the inputmatrix has been factored:

If uplo=mkl::uplo::upper, the upper triangle Ui of Ai is stored, where Ai = UiT*Ui for real data, Ai = UiH*Ui for
complex data.

If uplo=mkl::uplo::lower, the upper triangle Li of Ai is stored, where Ai = Li*LiT for real data, Ai = Li*LiH for
complex data.

n The order of thematrices Ai (0 ≤ n).

nrhs The number of right hand sides (0 ≤ nrhs).

lda The leading dimension of Ai.

stride_a The stride between the beginnings ofmatrices inside the batch array a.

ldb The leading dimensions of Bi.

stride_b The stride between the beginnings ofmatrices Bi inside the batch array b.

batch_size The number of problems in a batch.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.
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ReturnValues

The number of elements of type T the scratchpadmemory to be passed to the potrs_batch (StridedVersion)
functionmust be able to hold.

11.109 potrs_scratchpad_size

Computes size of scratchpadmemory required for potrs (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.109.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the potrs (buffer or USM
version) functionmust be able to hold.

11.109.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t potrs_scratchpad_size(
sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
std::int64_t nrhs,
std::int64_t lda,
std::int64_t ldb)

}

InputParameters

queue Device queuewhere calculations by the potrs (buffer or USMversion) function will be performed.

uplo Indicates how the inputmatrix has been factored:

If uplo=mkl::uplo::upper, the upper triangle U of A is stored, where A = UT*U for real data, A = UH*U for
complex data.

If uplo=mkl::uplo::lower, the upper triangle L of A is stored, where A = L*LT for real data, A = L*LH for
complex data.

n The order of matrix A (0 ≤ n).

nrhs The number of right-hand sides (0 ≤ nrhs).

lda The leading dimension of A.

ldb The leading dimension of B.
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the potrs (buffer or USM version)
functionmust be able to hold.

11.110 syevd

Computes all eigenvalues and, optionally, all eigenvectors of a real symmetric matrix using divide and conquer
algorithm. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.110.1 Description

The routine computes all the eigenvalues, and optionally all the eigenvectors, of a real symmetric matrix A. In
other words, it can compute the spectral factorization of A as: A = Z*λ*ZT.

Here � is a diagonal matrix whose diagonal elements are the eigenvalues �i, and Z is the orthogonal matrix
whose columns are the eigenvectors zi. Thus,

A*zi = λi*zi for i = 1, 2, ..., n.

If theeigenvectorsare requested, then this routineusesadivideandconqueralgorithm tocomputeeigenvalues
and eigenvectors. However, if only eigenvalues are required, then it uses thePal-Walker-Kahan variant of the QL
or QR algorithm.

11.110.2 API

Syntax

namespace oneapi::mkl::lapack {
void syevd(sycl::queue &queue,
mkl::job jobz,
mkl::uplo uplo,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,

(continues on next page)
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(continued from previous page)

sycl::buffer<T> &w,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

syevd supports the following precision and devices.

T Devices Supported
float CPU andGPU
double CPU andGPU

InputParameters

queue Device queuewhere calculations will be performed.

jobz Must be job::novec or job::vec.

If jobz = job::novec, then only eigenvalues are computed.

If jobz = job::vec, then eigenvalues and eigenvectors are computed.

uplo Must be uplo::upper or uplo::lower.

If uplo = job::upper, a stores the upper triangular part of A.

If uplo = job::lower, a stores the lower triangular part of A.

n The order of thematrix A (0 ≤ n).

a The pointer to the array containing A, size (lda,*). The second dimension of amust be at least max(1, n).

lda The leading dimension of a. Must be at least max(1,n).

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the syevd_scratchpad_size function.

OutputParameters

a If jobz = job::vec, then on exit this buffer is overwritten by the orthogonal matrix Z which contains the
eigenvectors of A.

w Bufferholdingarrayof sizeat least n. Ifinfo = 0, contains theeigenvaluesof thematrixA in ascendingorder.
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info = i, and jobz = job::novec, then the algorithm failed to con-
verge; i indicates the number of off-diagonal elements of an intermediate
tridiagonal formwhich did not converge to zero.
If info = i, and jobz = job::vec, then the algorithm failed to compute
an eigenvalue while working on the submatrix lying in rows and columns
info/(n+1) through mod(info,n+1).
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

11.111 syevd (USMVersion)

Computes all eigenvalues and, optionally, all eigenvectors of a real symmetric matrix using divide and conquer
algorithm. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.111.1 Description

The routine computes all the eigenvalues, and optionally all the eigenvectors, of a real symmetric matrix A. In
other words, it can compute the spectral factorization of A as: A = Z*λ*ZT.

Here � is a diagonal matrix whose diagonal elements are the eigenvalues �i, and Z is the orthogonal matrix
whose columns are the eigenvectors zi. Thus,

A*zi = λi*zi for i = 1, 2, ..., n.

If theeigenvectorsare requested, then this routineusesadivideandconqueralgorithm tocomputeeigenvalues
and eigenvectors. However, if only eigenvalues are required, then it uses thePal-Walker-Kahan variant of the QL
or QR algorithm.
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11.111.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event syevd(sycl::queue &queue,
mkl::job jobz,
mkl::uplo uplo,
std::int64_t n,
T *a,
std::int64_t lda,
T *w,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

syevd (USMversion) supports the following precision and devices.

T Devices Supported
float CPU andGPU
double CPU andGPU

InputParameters

queue Device queuewhere calculations will be performed.

jobz Must be job::novec or job::vec.

If jobz = job::novec, then only eigenvalues are computed.

If jobz = job::vec, then eigenvalues and eigenvectors are computed.

uplo Must be uplo::upper or uplo::lower.

If upper_lower = job::upper, a stores the upper triangular part of A.

If upper_lower = job::lower, a stores the lower triangular part of A.

n The order of thematrix A (0 ≤ n).

a The pointer to the array containing A, size (lda,*). The second dimension of amust be at least max(1, n).

lda The leading dimension of a. Must be at least max(1,n).

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the syevd_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.
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OutputParameters

a If jobz = job::vec, then on exit this is overwritten by the orthogonal matrix Zwhich contains the eigenvec-
tors of A.

w Pointer to array of size at least n. Contains the eigenvalues of thematrix A in ascending order.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info = i, and jobz = job::novec, then the algorithm failed to con-
verge; i indicates the number of off-diagonal elements of an intermediate
tridiagonal formwhich did not converge to zero.
If info = i, and jobz = job::vec, then the algorithm failed to compute
an eigenvalue while working on the submatrix lying in rows and columns
info/(n+1) through mod(info,n+1).
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.112 syevd_scratchpad_size

Computes size of scratchpadmemory required for syevd (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.112.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the syevd (buffer or USM
version) functionmust be able to hold.
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11.112.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t syevd_scratchpad_size(sycl::queue &queue,
mkl::job jobz,
mkl::uplo uplo,
std::int64_t n,
std::int64_t lda)

}

InputParameters

queue Device queuewhere calculations by the syevd (buffer or USMversion) function will be performed.

jobz Must be job::novec or job::vec.

If jobz = job::novec, then only eigenvalues are computed.

If jobz = job::vec, then eigenvalues and eigenvectors are computed.

uplo Must be uplo::upper or uplo::lower.

If uplo = job::upper, a stores the upper triangular part of A.

If uplo = job::lower, a stores the lower triangular part of A.

n The order of thematrix A (0 ≤ n).

lda The leading dimension of a. Must be at least max(1,n).

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

Exceptions

The number of elements of type T the scratchpad memory to be passed to the syevd (buffer or USM version)
functionmust be able to hold.
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11.113 sygvd

Computes all eigenvalues and, optionally, eigenvectors of a real generalized symmetric definite eigenproblem
using a divide and conquermethod. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.113.1 Description

The routine computes all the eigenvalues, and optionally, the eigenvectors of a real generalized symmetric-
definite eigenproblem, of the form

A*x = λ*B*x, A*B*x = λ*x, or B*A*x = λ*x .

Here A and B are assumed to be symmetric and B is also positive definite.

It uses a divide and conquer algorithm.

11.113.2 API

Syntax

namespace oneapi::mkl::lapack {
void sygvd(sycl::queue &queue,
std::int64_t itype,
mkl::job jobz,
mkl::uplo uplo,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &b,
std::int64_t ldb,
sycl::buffer<T> &w,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

sygvd supports the following precisions and devices:

T Devices supported
float CPU, GPU
double CPU, GPU
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InputParameters

queue Device queuewhere calculations will be performed.

itype Must be 1 or 2 or 3. Specifies the problem type to be solved:

if itype= 1, the problem type is A*x = lambda*B*x;

if itype= 2, the problem type is A*B*x = lambda*x;

if itype= 3, the problem type is B*A*x = lambda*x.

jobz Must be job::novec or job::vec.

If jobz = job::novec, then only eigenvalues are computed.

If jobz = job::vec, then eigenvalues and eigenvectors are computed.

uplo Must be uplo::upper or uplo::lower.

If uplo = uplo::upper, a and b store the upper triangular part of A and B.

If uplo = uplo::lower, a and b stores the lower triangular part of A and B.

n The order of thematrices A and B (0 ≤ n).

a Buffer holding the array of size a(lda,*) containing the upper or lower triangle of the symmetric matrix A, as
specified by uplo.

The second dimension of amust be at least max(1, n).

lda The leading dimension of a; at least max(1,n).

b Buffer holding the array of size b(ldb,*) containing the upper or lower triangle of the symmetricmatrix B, as
specified by uplo.

The second dimension of bmust be at least max(1, n).

ldb The leading dimension of b; at least max(1,n).

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the sygvd_scratchpad_size function.

OutputParameters

a Onexit, if jobz = job::vec, then if info = 0, a contains thematrix Z of eigenvectors. The eigenvectors are
normalized as follows:

if itype= 1or 2 , ZT*B*Z = I;

if itype= 3 , ZT*inv(B)*Z = I;

If jobz = job::novec, then on exit the upper triangle (if uplo = uplo::upper) or the lower triangle (if
uplo = uplo::lower) of A, including the diagonal, is destroyed.

b On exit, if info ≤ n, the part of b containing the matrix is overwritten by the triangular factor U or L from the
Cholesky factorization B = UT*U or B = L*LT.

w Buffer, size at leastn. Ifinfo = 0, contains the eigenvaluesof thematrixA in ascendingorder. See alsoinfo.
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
Ifinfo = -i, thei-thparameterhadan illegal value. Forinfo ≤ n: Ifinfo
= i, and jobz = job::novec, then the algorithm failed to converge; i in-
dicates thenumber of off-diagonal elements of an intermediate tridiagonal
formwhich did not converge to zero.
If info = i, and jobz = job:vec, then the algorithm failed to compute
an eigenvalue while working on the submatrix lying in rows and columns
info/(n+1) throughmod(info,n+1). Forinfo > n: Ifinfo = n + i, for
1 ≤ i ≤ n, then the leading minor of order i of B is not positive-definite.
The factorizationofBcouldnotbecompletedandnoeigenvaluesoreigen-
vectors were computed.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

11.114 sygvd (USMVersion)

Computes all eigenvalues and, optionally, eigenvectors of a real generalized symmetric definite eigenproblem
using a divide and conquermethod. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.114.1 Description

The routine computes all the eigenvalues, and optionally, the eigenvectors of a real generalized symmetric-
definite eigenproblem, of the form

A*x = λ*B*x, A*B*x = λ*x, or B*A*x = λ*x .

Here A and B are assumed to be symmetric and B is also positive definite.

It uses a divide and conquer algorithm.
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11.114.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event sygvd(sycl::queue &queue,
std::int64_t itype,
mkl::job jobz,
mkl::uplo uplo,
std::int64_t n,
T *a,
std::int64_t lda,
T *b,
std::int64_t ldb,
T *w,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

hegvd (USMversion) supports the following precision and devices.

T Devices Supported
float CPU, GPU
double CPU, GPU

InputParameters

queue Device queuewhere calculations will be performed.

itype Must be 1 or 2 or 3. Specifies the problem type to be solved:

if itype= 1, the problem type is A*x = lambda*B*x;

if itype= 2, the problem type is A*B*x = lambda*x;

if itype= 3, the problem type is B*A*x = lambda*x.

jobz Must be job::novec or job::vec.

If jobz = job::novec, then only eigenvalues are computed.

If jobz = job::vec, then eigenvalues and eigenvectors are computed.

uplo Must be uplo::upper or uplo::lower.

If uplo = uplo::upper, a and b store the upper triangular part of A and B.

If uplo = uplo::lower, a and b stores the lower triangular part of A and B.

n The order of thematrices A and B (0 ≤ n).
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a Pointer to thearrayof sizea(lda,*)containing theupper or lower triangleof the symmetricmatrixA, as spec-
ified by uplo.

The second dimension of amust be at least max(1, n).

lda The leading dimension of a; at least max(1,n).

b Pointer to thearrayof sizeb(ldb,*)containing theupperor lower triangleof the symmetricmatrixB, as spec-
ified by uplo.

The second dimension of bmust be at least max(1, n).

ldb The leading dimension of b; at least max(1,n).

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the sygvd_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a Onexit, if jobz = job::vec, then if info = 0, a contains thematrix Z of eigenvectors. The eigenvectors are
normalized as follows:

if itype= 1 or 2, ZT*B*Z = I;

if itype= 3, ZT*inv(B)*Z = I;

If jobz = job::novec, then on exit the upper triangle (if uplo = uplo::upper) or the lower triangle (if
uplo = uplo::lower) of A, including the diagonal, is destroyed.

b On exit, if info ≤ n, the part of b containing the matrix is overwritten by the triangular factor U or L from the
Cholesky factorization B = UT*Uor B = L*LT.

w Pointer to the array of size at least n. If info = 0, contains the eigenvalues of thematrix A in ascending order.
See also info.
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
Ifinfo = -i, thei-thparameterhadan illegal value. Forinfo ≤ n: Ifinfo
= i, and jobz = job::novec, then the algorithm failed to converge; i in-
dicates thenumber of off-diagonal elements of an intermediate tridiagonal
formwhich did not converge to zero.
If info = i, and jobz = job:vec, then the algorithm failed to compute
an eigenvalue while working on the submatrix lying in rows and columns
info/(n+1) throughmod(info,n+1). Forinfo > n: Ifinfo = n + i, for
1 ≤ i ≤ n, then the leading minor of order i of B is not positive-definite.
The factorizationofBcouldnotbecompletedandnoeigenvaluesoreigen-
vectors were computed.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.115 sygvd_scratchpad_size

Computes size of scratchpadmemory required for sygvd (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.115.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the sygvd (buffer or USM
version) functionmust be able to hold.
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11.115.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t sygvd_scratchpad_size(sycl::queue &queue,
std::int64_t itype,
mkl::job jobz,
mkl::uplo uplo,
std::int64_t n,
std::int64_t lda,
std::int64_t ldb)

}

InputParameters

queue Device queuewhere calculations by the sygvd (buffer or USMversion) function will be performed.

itype Must be 1 or 2 or 3. Specifies the problem type to be solved:

if itype= 1, the problem type is A*x = lambda*B*x;

if itype= 2, the problem type is A*B*x = lambda*x;

if itype= 3, the problem type is B*A*x = lambda*x.

jobz Must be job::novec or job::vec.

If jobz = job::novec, then only eigenvalues are computed.

If jobz = job::vec, then eigenvalues and eigenvectors are computed.

uplo Must be uplo::upper or uplo::lower.

If uplo = uplo::upper, a and b store the upper triangular part of A and B.

If uplo = uplo::lower, a and b stores the lower triangular part of A and B.

n The order of thematrices A and B (0 ≤ n).

lda The leading dimension of a; at least max(1,n).

ldb The leading dimension of b; at least max(1,n).

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.
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ReturnValues

The number of elements of type T the scratchpad memory to be passed to the sygvd (buffer or USM version)
functionmust be able to hold.

11.116 sytrd

Reducesa real symmetricmatrix to tridiagonal form. This routinebelongs to theoneapi::mkl::lapacknames-
pace.

• Description

• API

11.116.1 Description

The routine reduces a real symmetricmatrix A to symmetric tridiagonal form T by an orthogonal similarity trans-
formation: A = Q*T*QT. The orthogonal matrix Q is not formed explicitly but is represented as a product of n-1
elementary reflectors. Routines are provided for workingwith Q in this representation .

11.116.2 API

Syntax

namespace oneapi::mkl::lapack {
void sytrd(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &d,
sycl::buffer<T> &e,
sycl::buffer<T> &tau,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

sytrd supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU
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InputParameters

queue Device queuewhere calculations will be performed.

uplo Must be uplo::upper or uplo::lower.

If uplo = uplo::upper, a stores the upper triangular part of A.

If uplo = uplo::lower, a stores the lower triangular part of A.

n The order of thematrices A(0 ≤ n).

a Buffer holdingmatrix A, size (lda,*). Contains the upper or lower triangle as specified by uplo.

lda The leading dimension of a; at least max(1,n).

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the sytrd_scratchpad_size function.

OutputParameters

a On exit,

if uplo = uplo::upper, the diagonal and first superdiagonal of A are overwritten by the corresponding
elements of the tridiagonal matrix T, and the elements above the first superdiagonal, with the buffer tau,
represent the orthogonal matrix Q as a product of elementary reflectors;

if uplo = uplo::lower, the diagonal and first subdiagonal of A are overwritten by the corresponding ele-
ments of the tridiagonal matrix T, and the elements below the first subdiagonal, with the buffer tau, repre-
sent the orthogonal matrix Q as a product of elementary reflectors.

d Buffer holding the diagonal elements of thematrix T. The dimension of dmust be at least max(1, n).

e Buffer holding the off diagonal elements of thematrix T. The dimension of emust be at least max(1, n-1).

tau Bufferholdingarrayof sizeat leastmax(1, n). Stores(n-1)scalars thatdefineelementary reflectors inde-
compositionof theunitarymatrixQ in aproductofn-1elementary reflectors. tau(n) is usedasworkspace.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.
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11.117 sytrd (USMVersion)

Reducesa real symmetricmatrix to tridiagonal form. This routinebelongs to theoneapi::mkl::lapacknames-
pace.

• Description

• API

11.117.1 Description

The routine reduces a real symmetricmatrix A to symmetric tridiagonal form T by an orthogonal similarity trans-
formation: A = Q*T*QT. The orthogonal matrix Q is not formed explicitly but is represented as a product of n-1
elementary reflectors. Routines are provided for workingwith Q in this representation.

11.117.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event sytrd(queue &queue,
mkl::uplo uplo,
std::int64_t n,
T *a,
std::int64_t lda,
T *d,
T *e,
T *tau,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

sytrd(USMversion) supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

queue Device queuewhere calculations will be performed.

uplo Must be uplo::upper or uplo::lower.

If uplo = uplo::upper, a stores the upper triangular part of A.

If uplo = uplo::lower, a stores the lower triangular part of A.
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n The order of thematrices A(0 ≤ n).

a The pointer tomatrix A, size (lda,*). Contains the upper or lower triangle as specified by uplo.

lda The leading dimension of a; at least max(1,n).

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the sytrd_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a On exit,

if uplo = uplo::upper, the diagonal and first superdiagonal of A are overwritten by the corresponding
elements of the tridiagonal matrix T, and the elements above the first superdiagonal, with the array tau,
represent the orthogonal matrix Q as a product of elementary reflectors;

if uplo = uplo::lower, the diagonal and first subdiagonal of A are overwritten by the corresponding ele-
mentsof the tridiagonalmatrixT, and theelementsbelowthefirst subdiagonal,with thearray tau, represent
the orthogonal matrix Q as a product of elementary reflectors.

d Pointer to the diagonal elements of thematrix T. The dimension of dmust be at least max(1, n).

e Pointer to the off diagonal elements of thematrix T. The dimension of emust be at least max(1, n-1).

tau Pointer to thememory array of size at least max(1, n). Stores (n-1) scalars that define elementary reflec-
tors in decomposition of the unitary matrix Q in a product of n-1 elementary reflectors. tau(n) is used as
workspace.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.
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ReturnValues

Output event to wait on to ensure computation is complete.

11.118 sytrd_scratchpad_size

Computes size of scratchpadmemory required for sytrd (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.118.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the sytrd (buffer or USM
version) functionmust be able to hold.

11.118.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t sytrd_scratchpad_size(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
std::int64_t lda)

}

InputParameters

queue Device queuewhere calculations by the sytrd (buffer or USMversion) function will be performed.

uplo Must be uplo::upper or uplo::lower.

If uplo = uplo::upper, a stores the upper triangular part of A.

If uplo = uplo::lower, a stores the lower triangular part of A.

n The order of thematrices A(0 ≤ n).

lda The leading dimension of a; at least max(1,n).
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the sytrd (buffer or USM version)
functionmust be able to hold.

11.119 sytrf

Computes the Bunch-Kaufman factorization of a symmetric matrix. This routine belongs to the oneapi::mkl:
:lapack namespace.

• Description

• API

11.119.1 Description

Theroutinecomputes the factorizationofa real/complexsymmetricmatrixAusing theBunch-Kaufmandiagonal
pivotingmethod. The form of the factorization is:

• if uplo=uplo::upper, A = U*D*UT

• if uplo=uplo::lower, A = L*D*LT

where A is the input matrix, U and L are products of permutation and triangular matrices with unit diagonal (up-
per triangular for U and lower triangular for L), and D is a symmetric block-diagonal matrix with 1-by-1 and 2-by-2
diagonal blocks. U and L have 2-by-2 unit diagonal blocks corresponding to the 2-by-2 blocks of D.

11.119.2 API

Syntax

namespace oneapi::mkl::lapack {
void sytrf(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &ipiv,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}
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sytrf supports the following precisions and devices:

T Devices Supported
float CPU
double CPU
std::complex<float> CPU
std::complex<double> CPU

InputParameters

queue Device queuewhere calculations will be performed.
uplo Indicates whether the upper or lower triangular part of A is stored and how A is factored: If

uplo=uplo::upper, the buffer a stores the upper triangular part of the matrix A, and A is fac-
tored as U*D*UT. If uplo=uplo::lower, the buffer a stores the lower triangular part of thematrix
A, and A is factored as L*D*LT.

n The order of matrix A (0 ≤ n).
a Buffer holding the coefficients of matrix A, size max(1,lda*n) containing either the upper or

lower triangular part of the matrix A (see uplo). The second dimension of a must be at least
max(1, n).

lda The leading dimension of a.
scratch-
pad

Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratch-
pad_-
size

Size of scratchpadmemory as a number of floating point elements of type T. Size should not be
less than the value returned by the sytrf_scratchpad_size function.

OutputParameters

a The upper or lower triangular part of a is overwritten by details of the block-diagonalmatrix D and the
multipliers used to obtain the factor U (or L).

ipiv Buffer holding array of size at least max(1, n). Contains details of the interchanges and the block
structure of D. If ipiv(i)=k>0, then dii is a 1-by-1 block, and the i-th row and column of A was inter-
changedwith thek-th rowandcolumn. Ifuplo=mkl::uplo::upperandipiv(i)=ipiv(i-1)=-m<0,
then D has a 2-by-2 block in rows/columns i and i-1, and (i-1)-th row and column of A was inter-
changedwith them-th rowandcolumn. Ifuplo=mkl::uplo::lowerandipiv(i)=ipiv(i+1)=-m<0,
then D has a 2-by-2 block in rows/columns i and i+1, and (i+1)-th row and column of A was inter-
changedwith the m-th row and column.

569



Intel® oneAPIMath Kernel Library

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
Ifinfo = i,dii is0. The factorizationhasbeencompleted,butD isexactly
singular. Division by 0 will occur if you use D for solving a system of linear
equations.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

11.120 sytrf (USMVersion)

Computes the Bunch-Kaufman factorization of a symmetric matrix. This routine belongs to the oneapi::mkl:
:lapack namespace.

• Description

• API

11.120.1 Description

Theroutinecomputes the factorizationofa real/complexsymmetricmatrixAusing theBunch-Kaufmandiagonal
pivotingmethod. The form of the factorization is:

• if uplo=uplo::upper , A = U*D*UT

• if uplo=uplo::lower , A = L*D*LT

where A is the input matrix, U and L are products of permutation and triangular matrices with unit diagonal (up-
per triangular for U and lower triangular for L), and D is a symmetric block-diagonal matrix with 1-by-1 and 2-by-2
diagonal blocks. U and L have 2-by-2 unit diagonal blocks corresponding to the 2-by-2 blocks of D.

11.120.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event sytrf(queue &queue,
mkl::uplo uplo,
std::int64_t n,
T *a,

(continues on next page)
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(continued from previous page)

std::int64_t lda,
std::int64_t *ipiv,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

sytrf (USMversion) supports the following precisions and devices:

T Devices Supported
float CPU
double CPU
std::complex<float> CPU
std::complex<double> CPU

InputParameters

queue Device queuewhere calculations will be performed.

uplo Indicates whether the upper or lower triangular part of A is stored and how A is factored:

If uplo = uplo::upper, the array a stores the upper triangular part of the matrix A, and A is factored as
U*D*UT.

If uplo = uplo::lower, the array a stores the lower triangular part of the matrix A, and A is factored as
L*D*LT.

n The order of thematrix A (0 ≤ n).

a Pointer to the coefficients of matrix A, size max(1,lda*n) containing either the upper or lower triangular part
of thematrix A (see uplo). The second dimension of amust be at least max(1, n).

lda The leading dimension of a.

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the sytrf_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a The upper or lower triangular part of a is overwritten by details of the block-diagonalmatrix D and themultipli-
ers used to obtain the factor U (or L).
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ipiv Pointer tomemoryarrayof sizeat leastmax(1,n). Containsdetails of the interchangesand theblock struc-
tureofD. Ifipiv(i) = k > 0, thendii is a 1-by-1block, and thei-th rowandcolumnofAwas interchanged
with the k-th row and column.

Ifuplo = mkl::uplo::upper andipiv(i) = ipiv(i-1) = -m < 0, thenDhas a2-by-2block in rows/-
columns i and i-1, and (i-1)-th row and column of Awas interchangedwith the m-th row and column.

Ifuplo = mkl::uplo::lower andipiv(i) = ipiv(i+1) = -m < 0, thenDhas a2-by-2block in rows/-
columns i and i+1, and (i+1)-th row and column of Awas interchangedwith the m-th row and column.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
Ifinfo = i,dii is0. The factorizationhasbeencompleted,butD isexactly
singular. Division by 0 will occur if you use D for solving a system of linear
equations.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.121 sytrf_scratchpad_size

Computes size of scratchpadmemory required for sytrf (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.121.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the sytrf (buffer or USM
version) functionmust be able to hold.
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11.121.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t sytrf_scratchpad_size(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
std::int64_t lda)

}

InputParameters

queue Device queuewhere calculations by the sytrf (buffer or USMversion) function will be performed.

uplo Indicates whether the upper or lower triangular part of A is stored and how A is factored:

If uplo = uplo::upper, the array a stores the upper triangular part of the matrix A, and A is factored as
U*D*UT.

If uplo = uplo::lower, the array a stores the lower triangular part of the matrix A, and A is factored as
L*D*LT.

n The order of thematrix A (0 ≤ n).

lda The leading dimension of a.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the sytrf (buffer or USM version)
functionmust be able to hold.

11.122 trtrs

Solves a system of linear equations with a triangular coefficient matrix, with multiple right-hand sides. This rou-
tine belongs to the oneapi::mkl::lapack namespace.

• Description

• API
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11.122.1 Description

The routine solves for X the following systems of linear equations with a triangular matrix A, with multiple right-
hand sides stored in B:

A*X = B if transa =transpose::nontrans,
AT*X = B if transa =transpose::trans,
AH*X = B if transa =transpose::conjtrans (for complexmatrices only).

11.122.2 API

Syntax

namespace oneapi::mkl::lapack {
void trtrs(sycl::queue &queue,
mkl::uplo uplo,
mkl::transpose trans,
mkl::diag diag,
std::int64_t n,
std::int64_t nrhs,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &b,
std::int64_t ldb,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

trtrs supports the following precisions and devices.

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

uplo Indicates whether A is upper or lower triangular:

If uplo = uplo::upper, then A is upper triangular.

If uplo = uplo::lower, then A is lower triangular.

trans If transa = transpose::nontrans, then A*X = B is solved for X.

If transa = transpose::trans, then AT*X = B is solved for X.

If transa = transpose::conjtrans, then AH*X = B is solved for X.
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diag If diag = diag::nonunit, then A is not a unit triangular matrix.

If diag = diag::unit, then A is unit triangular: diagonal elements of A are assumed to be 1 and not refer-
enced in the array a.

n The order of A; the number of rows in B; n ≥ 0.

nrhs The number of right-hand sides; nrhs ≥ 0.

a Array containing thematrix A.

The second dimension of amust be at least max(1,n).

lda The leading dimension of a; lda ≥ max(1, n).

b Array containing thematrix Bwhose columns are the right-hand sides for the systems of equations.

The second dimension of b at least max(1,nrhs).

ldb The leading dimension of b; ldb ≥ max(1, n).

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the trtrs_scratchpad_size function.

OutputParameters

b Overwritten by the solutionmatrix X.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value. If info is equal to the
value passed as scratchpad size, and detail() returns non zero, then the
passed scratchpad has an insufficient size, and the required size should
not be less than the value returnedby the detail()methodof the exception
object.

ReturnValues

info Buffer containing error information.

If info = 0, the execution is successful.

If info = -i, the i-th parameter had an illegal value.
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KnownLimitations

GPU support for this function does not include error reporting through the info parameter.

11.123 trtrs (USMVersion)

Solves a system of linear equations with a triangular coefficient matrix, with multiple right-hand sides. This rou-
tine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.123.1 Description

The routine solves for X the following systems of linear equations with a triangular matrix A, with multiple right-
hand sides stored in B:

A*X = B if transa =transpose::nontrans,
AT*X = B if transa =transpose::trans,
AH*X = B if transa =transpose::conjtrans (for complexmatrices only).

11.123.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event trtrs(sycl::queue &queue,
mkl::uplo uplo,
mkl::transpose trans,
mkl::diag diag,
std::int64_t n,
std::int64_t nrhs,
T *a,
std::int64_t lda,
T *b,
std::int64_t ldb,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

trtrs (USMversion) supports the following precisions and devices.
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T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

uplo Indicates whether A is upper or lower triangular:

If uplo = uplo::upper, then A is upper triangular.

If uplo = uplo::lower, then A is lower triangular.

trans If transa = transpose::nontrans, then A*X = B is solved for X.

If transa = transpose::trans, then AT*X = B is solved for X.

If transa = transpose::conjtrans, then AH*X = B is solved for X.

diag If diag = diag::nonunit, then A is not a unit triangular matrix.

If diag = diag::unit, then A is unit triangular: diagonal elements of A are assumed to be 1 and not refer-
enced in the array a.

n The order of A; the number of rows in B; n ≥ 0.

nrhs The number of right-hand sides; nrhs“ ≥ 0“.

a Array containing thematrix A.

The second dimension of amust be at least max(1,n).

lda The leading dimension of a; lda ≥ max(1, n).

b Array containing thematrix Bwhose columns are the right-hand sides for the systems of equations.

The second dimension of b at least max(1,nrhs).

ldb The leading dimension of b; ldb“ ≥max(1, n)“.

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the trtrs_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.
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OutputParameters

b Overwritten by the solutionmatrix X.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.124 trtrs_scratchpad_size

Computes size of scratchpadmemory required for trtrs (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.124.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the trtrs (buffer or USM
version) functionmust be able to hold.

11.124.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t trtrs_scratchpad_size(sycl::queue &queue,
mkl::uplo uplo,
mkl::transpose trans,
mkl::diag diag,
std::int64_t n,

(continues on next page)
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(continued from previous page)

std::int64_t nrhs,
std::int64_t lda,
std::int64_t ldb)

}

InputParameters

queue Device queuewhere calculations by the trtrs (buffer or USMversion) function will be performed.

uplo Indicates whether A is upper or lower triangular:

If uplo = uplo::upper, then A is upper triangular.

If uplo = uplo::lower, then A is lower triangular.

trans If trans = transpose::nontrans, then A*X = B is solved for X.

If trans = transpose::trans, then AT*X = B is solved for X.

If trans = transpose::conjtrans, then AH*X = B is solved for X.

diag If diag = diag::nonunit, then A is not a unit triangular matrix.

If diag = diag::unit, then A is unit triangular: diagonal elements of A are assumed to be 1 and not refer-
enced in the array a.

n The order of A; the number of rows in B; n “ ≥ 0“.

nrhs The number of right-hand sides; nrhs“ ≥ 0“.

lda The leading dimension of a; lda“ ≥max(1, n)“.

ldb The leading dimension of b; ldb“ ≥max(1, n)“.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the trtrs (buffer or USM version)
functionmust be able to hold.
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11.125 ungbr

Generates the complex unitarymatrix Q or Pt determined by gebrd. This routine belongs to the oneapi::mkl:
:lapack namespace.

• Description

• API

11.125.1 Description

The routine generates thewhole or part of the unitarymatrices Q and PH formedby the routinesgebrd. Use this
routine after a call to cgebrd/zgebrd. All valid combinations of arguments are described in Input Parameters;
in most cases you need the following:

To compute thewhole m-by-mmatrix Q, use:

ungbr(queue, generate::q, m, m, n, a, ...)

(note that the bufferamust have at least m columns).

To form the n leading columns of Q if m > n, use:

ungbr(queue, generate::q, m, n, n, a, ...)

To compute thewhole n-by-nmatrix PT, use:

ungbr(queue, generate::p, n, n, m, a, ...)

(note that the array amust have at least n rows).

To form the m leading rows of PT if m < n, use:

ungbr(queue, generate::p, m, n, m, a, ...)

11.125.2 API

Syntax

namespace oneapi::mkl::lapack {
void ungbr(sycl::queue &queue,
mkl::generate gen,
std::int64_t m,
std::int64_t n,
std::int64_t k,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &tau,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}
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ungbr supports the following precisions and devices:

T Devices supported
std::complex<float> CPU
std::complex<double> CPU

InputParameters

queue Device queuewhere calculations will be performed.

gen Must be generate::q or generate::p.

If gen= generate::q, the routine generates thematrix Q.

If gen= generate::p, the routine generates thematrix PT.

m The number of rows in thematrix Q or PT to be returned (0 ≤ m).

If gen= generate::q, m ≥ n ≥ min(m, k).

If gen= generate::p, n ≥ m ≥ min(n, k).

n The number of rows in thematrix Q or PT to be returned (0 ≤ n). Seem for constraints.

k If gen= generate::q, the number of columns in the original m-by-kmatrix reduced by gebrd.

If gen= generate::p, the number of rows in the original k-by-nmatrix reduced by gebrd.

a Buffer holdingmemory returned by gebrd.

lda The leading dimension of a.

tau For gen= generate::q, the array tauq is returned by the gebrd function.

For gen= generate::p, the array taup is returned by the gebrd function.

The dimension of tau must be at least min(m,k) for gen = generate::q, or min(n,k) for gen =
generate::p.

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the ungbr_scratchpad_size function.

OutputParameters

a Overwritten by n leading columns of the m-by-m unitary matrix Q or PT, (or the leading rows or columns
thereof) as specified by gen, m, and n.
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non-zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

11.126 ungbr (USMVersion)

Generates the complex unitary matrix Q or Pt determined by the gebrd (USM Version) function. This routine
belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.126.1 Description

The routine generates the whole or part of the unitary matrices Q and PT formed by the gebrd (USMVersion)
function. All valid combinations of arguments are described in Input Parameters; in most cases you need the
following:

To compute thewhole m-by-mmatrix Q, use:

ungbr(queue, generate::q, m, m, n, a, ...)

(note that the array amust have at least m columns).

To form the n leading columns of Q if m > n, use:

ungbr(queue, generate::q, m, n, n, a, ...)

To compute thewhole n-by-nmatrix PT, use:

ungbr(queue, generate::p, n, n, m, a, ...)

(note that the array amust have at least n rows).

To form the m leading rows of PT if m < n, use:
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ungbr(queue, generate::p, m, n, m, a, ...)

11.126.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event ungbr(sycl::queue &queue,
mkl::generate gen,
std::int64_t m,
std::int64_t n,
std::int64_t k,
T *a,
std::int64_t lda,
T *tau,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

ungbr (USMversion) supports the following precisions and devices:

T Devices supported
std::complex<float> CPU
std::complex<double> CPU

InputParameters

queue Device queuewhere calculations will be performed.

gen Must be generate::q or generate::p.

If gen= generate::q, the routine generates thematrix Q.

If gen= generate::p, the routine generates thematrix PT.

m The number of rows in thematrix Q or PT to be returned (0 ≤ m).

If gen= generate::q, m ≥ n ≥ min(m, k).

If gen= generate::p, n ≥ m ≥ min(n, k).

n The number of rows in thematrix Q or PT to be returned (0 ≤ n). Seem for constraints.

k If gen= generate::q, the number of columns in theoriginalm-by-kmatrix reducedbygebrd (USMVersion).

If gen= generate::p, the number of rows in the original k-by-nmatrix reducedbygebrd (USMVersion).

a Pointer tomemory returned by gebrd (USMVersion).

lda The leading dimension of a.
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tau For gen= generate::q, the array tauq is returned by the gebrd (USMVersion) function.

For gen= generate::p, the array taup is returned by the gebrd (USMVersion) function.

The dimension of tau must be at least min(m,k) for gen = generate::q, or min(n,k) for gen =
generate::p.

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the ungbr_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a Overwritten by n leading columns of the m-by-m orthogonal matrix Q or PT (or the leading rows or columns
thereof) as specified by gen, m, and n.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non-zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.127 ungbr_scratchpad_size

Computes size of scratchpadmemory required for ungbr (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API
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11.127.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the ungbr (buffer or USM
version) functionmust be able to hold.

11.127.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t ungbr_scratchpad_size(sycl::queue &queue,
mkl::generate gen,
std::int64_t m,
std::int64_t n,
std::int64_t k,
std::int64_t lda)

}

InputParameters

queue Device queuewhere calculations by the ungbr (buffer or USMversion) function will be performed.

gen Must be generate::q or generate::p.

If gen= generate::q, the routine generates thematrix Q.

If gen= generate::p, the routine generates thematrix PT.

m The number of rows in thematrix Q or PT to be returned (0 ≤ m).

If gen= generate::q, m ≥ n ≥ min(m, k).

If gen= generate::p, n ≥ m ≥ min(n, k).

n The number of rows in thematrix Q or PT to be returned (0 ≤ n). Seem for constraints.

k If gen= generate::q, the number of columns in theoriginalm-by-kmatrix reducedbygebrd (USMVersion).

If gen= generate::p, the number of rows in the original k-by-nmatrix reducedbygebrd (USMVersion).

lda The leading dimension of a.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.
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ReturnValues

The number of elements of type T the scratchpad memory to be passed to the ungbr (buffer or USM version)
functionmust be able to hold.

11.128 ungqr

Generates the complex unitary matrix Q of the QR factorization formed by geqrf. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.128.1 Description

The routine generates the whole or part of m-by-m unitarymatrix Q of the QR factorization formed by the routines
geqrf.

Usually Q is determined from the QR factorization of an m by pmatrix Awith m ≥ p. To compute the whole matrix
Q, use:

mkl::ungqr(queue, m, m, p, a, lda, tau, ...)

To compute the leading p columns of Q (which form an orthonormal basis in the space spanned by the columns
of A):

mkl::ungqr(queue, m, p, p, a, lda, tau, ...)

To compute thematrix Qk of the QR factorization of the leading k columns of thematrix A:

mkl::ungqr(queue, m, m, k, a, lda, tau, ...)

To compute the leading k columns of Qk (which form an orthonormal basis in the space spanned by the leading
k columns of thematrix A):

mkl::ungqr(queue, m, k, k, a, lda, tau, ...)

11.128.2 API

Syntax

namespace oneapi::mkl::lapack {
void ungqr(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
std::int64_t k,

(continues on next page)
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sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &tau,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

ungqr“ supports the following precisions and devices:

T Devices supported
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n).

k The number of elementary reflectors whose product defines thematrix Q (0 ≤ k ≤ n).

a Buffer holding the result of geqrf.

lda The leading dimension of A (lda ≥ m).

tau Buffer holding the result of geqrf.

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the ungqr_scratchpad_size function.

OutputParameters

a Overwritten by n leading columns of them-by-m unitarymatrix Q.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non-zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.
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11.129 ungqr (USMVersion)

Generates the complex unitarymatrix Q of theQR factorization formed by the geqrf (USMVersion) function. .
This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.129.1 Description

The routine generates the whole or part of m-by-m unitary matrix Q of the QR factorization formed by the geqrf
(USMVersion) function.

Usually Q is determined from the QR factorization of an m by pmatrix Awith m ≥ p. To compute the whole matrix
Q, use:

ungqr(queue, m, m, p, a, lda, tau, ...)

To compute the leading p columns of Q (which form an orthonormal basis in the space spanned by the columns
of A):

ungqr(queue, m, p, p, a, lda, tau, ...)

To compute thematrix Qk of the QR factorization of the leading k columns of thematrix A:

ungqr(queue, m, m, k, a, lda, tau, ...)

To compute the leading k columns of Qk (which form an orthonormal basis in the space spanned by the leading
k columns of thematrix A):

ungqr(queue, m, k, k, a, lda, tau, ...)

11.129.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event ungqr(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
std::int64_t k,
T *a,
std::int64_t lda,
T *tau,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}
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ungqr (USMversion) supports the following precisions and devices:

T Devices supported
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n).

k The number of elementary reflectors whose product defines thematrix Q (0 ≤ k ≤ n).

a Pointer to the result of geqrf (USMVersion).

lda The leading dimension of a (lda ≥ m).

tau Pointer to the result of geqrf (USMVersion).

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the ungqr_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a Overwritten by n leading columns of them-by-m unitarymatrix Q.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non-zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.
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ReturnValues

Output event to wait on to ensure computation is complete.

11.130 ungqr_batch (BufferStridedVersion)

Generates the complex unitary matrices Qi of the batch of QR factorizations formed by geqrf_batch function
(Buffer stride version). This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.130.1 Description

The routinegenerates thewholesorpartsofm-by-munitarymatrixQi of theQR factorization formedby thegeqrf_-
batch (Buffer StridedVersion) function.

Usually Qi is determined from the QR factorization of an m by pmatrix Ai with m ≥ p. To compute thewholematri-
ces Qi, use:

ungqr_batch(queue, m, m, p, a, ...)

Tocompute the leading p columnsof Qi (which formanorthonormal basis in the space spannedby the columns
of Ai):

ungqr_batch(queue, m, p, p, a, ...)

To compute thematrix Qik of the QR factorization of the leading k columns of thematrices Ai:

ungqr_batch(queue, m, m, k, a, ...)

Tocompute the leading k columns of Qik (which forman orthonormal basis in the space spannedby the leading
k columns of thematrices Ai):

ungqr_batch(queue, m, k, k, a, ...)

11.130.2 API

Syntax

namespace oneapi::mkl::lapack {
void ungqr_batch(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
std::int64_t k,
sycl::buffer<T> &a,

(continues on next page)

590



Intel® oneAPIMath Kernel Library

(continued from previous page)

std::int64_t lda,
std::int64_t stride_a,
sycl::buffer<T> &tau,
std::int64_t stride_tau,
std::int64_t batch_size,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

This function supports the following precisions and devices:

T Devices supported
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrices Ai (0 ≤ m).

n The number of columns in thematrices Ai (0 ≤ n).

k the number of elementary reflectors whose product defines thematrices Qi (0 ≤ k ≤ n) .

a Array resulting after a call to geqrf_batch (Buffer StridedVersion).

lda The leading dimension of Ai (lda ≥ m).

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

tau Array resulting after a call to geqrf_batch (Buffer StridedVersion).

stride_tau The stride between the beginnings of arrays taui inside the array tau.

batch_size The number of problems in a batch.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by ungqr_batch_scratchpad_size (StridedVersion).

OutputParameters

a Array data is overwritten by a batch of n leading columns of the m-by-m unitarymatrices Qi.
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Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.

11.131 ungqr_batch (GroupVersion)

Generates the complex unitarymatricesQi of the batch ofQR factorizations formedby geqrf_batch. This rou-
tine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.131.1 Description

The routinegenerates thewholesorpartsofm-by-munitarymatrixQi of theQR factorization formedby thegeqrf_-
batch (GroupVersion) function.

Usually Qi is determined from the QR factorization of an m by pmatrix Ai with m ≥ p. To compute thewholematri-
ces Qi, use:

ungqr_batch(queue, m, m, p, a, ...)

Tocompute the leading p columnsof Qi (which formanorthonormal basis in the space spannedby the columns
of Ai):

ungqr_batch(queue, m, p, p, a, ...)

To compute thematrix Qik of the QR factorization of the leading k columns of thematrices Ai:

ungqr_batch(queue, m, m, k, a, ...)

Tocompute the leading k columns of Qik (which forman orthonormal basis in the space spannedby the leading
k columns of thematrices Ai):

ungqr_batch(queue, m, k, k, a, ...)

592



Intel® oneAPIMath Kernel Library

11.131.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event ungqr_batch(sycl::queue &queue,
std::int64_t *m,
std::int64_t *n,
std::int64_t *k,
T **a,
std::int64_t *lda,
T **tau,
std::int64_t group_count,
std::int64_t *group_sizes,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

This function supports the following precisions and devices:

T Devices supported
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

m Array of group_count parametersmg as previously supplied to geqrf_batch (GroupVersion).

n Array of group_count parameters ng as previously supplied to geqrf_batch (GroupVersion).

k Array of group_count parameters kg as previously supplied to geqrf_batch (Group Version). The number
of elementary reflectors whose product defines thematrices Qi (0 ≤ kg ≤ ng) .

a Array resulting after a call to geqrf_batch (GroupVersion).

lda Array of leading dimension of Ai as previously supplied to geqrf_batch (GroupVersion).

tau Array resulting after a call to geqrf_batch (GroupVersion).

group_count Specifies the number of groups of parameters. Must be at least 0.

group_sizes Array of group_count integers. Array element with index g specifies the number of problems to
solve for each of the groups of parameters g. So the total number of problems to solve, batch_size, is a
sum of all parameter group sizes.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of typeT. Size should not
be less then the value returned by ungqr_batch_scratchpad_size (GroupVersion).

events List of events to wait for before starting computation. Defaults to empty list.
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OutputParameters

a Matricespointed tobyarrayaareoverwrittenbyng leadingcolumnsof themg-by-mg unitarymatricesQi, where
g is an index of group of parameters corresponding to Qi.

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.132 ungqr_batch (USMStridedVersion)

Generates the complex unitary matrices Qi of the batch of QR factorizations formed by geqrf_batch function
(USM stride version). This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.132.1 Description

The routinegenerates thewholesorpartsofm-by-munitarymatrixQi of theQR factorization formedby thegeqrf_-
batch (USMStridedVersion) function.

Usually Qi is determined from the QR factorization of an m by pmatrix Ai with m ≥ p. To compute thewholematri-
ces Qi, use:

ungqr_batch(queue, m, m, p, a, ...)

Tocompute the leading p columnsof Qi (which formanorthonormal basis in the space spannedby the columns
of Ai):

ungqr_batch(queue, m, p, p, a, ...)

To compute thematrix Qik of the QR factorization of the leading k columns of thematrices Ai:
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ungqr_batch(queue, m, m, k, a, ...)

Tocompute the leading k columns of Qik (which forman orthonormal basis in the space spannedby the leading
k columns of thematrices Ai):

ungqr_batch(queue, m, k, k, a, ...)

11.132.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event ungqr_batch(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
std::int64_t k,
T *a,
std::int64_t lda,
std::int64_t stride_a,
T *tau,
std::int64_t stride_tau,
std::int64_t batch_size,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

This function supports the following precisions and devices:

T Devices supported
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrices Ai (0 ≤ m).

n The number of columns in thematrices Ai (0 ≤ n).

k the number of elementary reflectors whose product defines thematrices Qi (0 ≤ k ≤ n) .

a Array resulting after a call to geqrf_batch (USMStridedVersion).

lda The leading dimension of Ai (lda ≥ m).

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

tau Array resulting after a call to geqrf_batch (USMStridedVersion).
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stride_tau The stride between the beginnings of arrays taui inside the array tau.

batch_size The number of problems in a batch.

scratchpad Scratchpadmemory to be used by routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by ungqr_batch_scratchpad_size (StridedVersion).

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a Array data is overwritten by a batch of n leading columns of the m-by-m unitarymatrices Qi.

Exceptions

Exception Description
mkl::lapack::batch_-
exception

This exception is thrown when problems occur during calculations. You
can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -n, the n-th parameter had an illegal value.
If info equals the value passed as scratchpad size, and detail() returns
non-zero, then the passed scratchpad is of insufficient size, and the re-
quired size should be not less then value returned by the detail() method
of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.133 ungqr_batch_scratchpad_size (GroupVersion)

Computes size of scratchpad memory required for ungqr_batch (Group Version) function. This routine be-
longs to the oneapi::mkl::lapack namespace.

• Description

• API

11.133.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the ungqr_batch (Group
Version) functionmust be able to hold.
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11.133.2 API

Syntax

namespace oneapi::mkl::lapack {
std::int64_t ungqr_batch_scratchpad_size(sycl::queue &queue,
std::int64_t *m,
std::int64_t *n,
std::int64_t *k,
std::int64_t *lda,
std::int64_t group_count,
std::int64_t *group_sizes)

}

This function supports the following precisions and devices:

T Devices supported
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

m Array of group_count parameters mg as previously supplied to ungqr_batch (GroupVersion).

n Array of group_count parameters ng as previously supplied to ungqr_batch (GroupVersion).

k Array of group_count parameters kg as previously supplied to ungqr_batch (GroupVersion).

The number of elementary reflectors whose product defines thematrices Qi (0 ≤ kg≤ ng).

lda The leading dimension of Ai as previously supplied to ungqr_batch (GroupVersion).

group_count Specifies the number of groups of parameters. Must be at least 0.

group_sizes Array of group_count integers. Array element with index g specifies the number of problems to
solve for each of the groups of parameters g. So the total number of problems to solve, batch_size, is a
sum of all parameter group sizes.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.
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ReturnValues

The number of elements of type T the scratchpadmemory to be passed to the ungqr_batch (GroupVersion)
functionmust be able to hold.

11.134 ungqr_batch_scratchpad_size (StridedVersion)

Computes size of scratchpad memory required for ungqr_batch (Strided Version) function. This routine be-
longs to the oneapi::mkl::lapack namespace.

• Description

• API

11.134.1 Description

Computes thenumber of elements of typeT the scratchpadmemory tobepassed to theungqr_batch (Strided
Version) functionmust be able to hold.

11.134.2 API

Syntax

namespace oneapi::mkl::lapack {
std::int64_t ungqr_batch_scratchpad_size(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
std::int64_t k,
std::int64_t lda,
std::int64_t stride_a,
std::int64_t stride_tau,
std::int64_t batch_size)

}

InputParameters

queue Device queuewhere calculations will be performed.

m The number of rows in thematrices Ai (0 ≤ m).

n The number of columns in thematrices Ai (0 ≤ n).

k the number of elementary reflectors whose product defines thematrices Qi (0 ≤ k ≤ n) .

lda The leading dimension of Ai (lda ≥ m).

stride_a The stride between the beginnings ofmatrices Ai inside the batch array a.

stride_tau The stride between the beginnings of arrays taui inside the array tau.

batch_size The number of problems in a batch.
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpadmemory to be passed to the ungqr_batch (StridedVersion)
functionmust be able to hold.

11.135 ungqr_scratchpad_size

Computes size of scratchpadmemory required for ungqr (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.135.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the ungqr (buffer or USM
version) functionmust be able to hold.

11.135.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t ungqr_scratchpad_size(sycl::queue &queue,
std::int64_t m,
std::int64_t n,
std::int64_t k,
std::int64_t lda)

}
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InputParameters

queue Device queuewhere calculations by the ungqr (buffer or USMversion) function will be performed.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n).

k The number of elementary reflectors whose product defines thematrix Q (0 ≤ k ≤ n).

lda The leading dimension of a (lda ≥ m).

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the ungqr (buffer or USM version)
functionmust be able to hold.

11.136 ungtr

Generates the complex unitary matrix Q determined by hetrd. This routine belongs to the oneapi::mkl::
lapack namespace.

• Description

• API

11.136.1 Description

The routineexplicitly generates then-by-nunitarymatrixQ formedbyhetrdwhen reducingacomplexHermitian
matrix A to tridiagonal form: A = Q*T*QH. Use this routine after a call to hetrd.

11.136.2 API

Syntax
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namespace oneapi::mkl::lapack {
void ungtr(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &tau,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

ungtr supports the following precision and devices.

T Devices Supported
std::complex<float> CPU
std::complex<double> CPU

InputParameters

queue Device queuewhere calculations will be performed.

uplo Must be uplo::upper or uplo::lower. Uses the same uplo as supplied to the hetrd function.

n The order of matrix Q (0 ≤ n).

a The buffer a returned by the hetrd function. The second dimension of amust be at least max(1, n).

lda The leading dimension of a (lda ≥ n).

tau The buffer tau returned by the hetrd function. The dimension of taumust be at least max(1,n-1).

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the ungtr_scratchpad_size function.

OutputParameters

a Overwritten by the unitarymatrix Q.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non-zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.
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11.137 ungtr (USMVersion)

Generates thecomplexunitarymatrixQdeterminedby thehetrd (USMVersion) function. This routinebelongs
to the oneapi::mkl::lapack namespace.

• Description

• API

11.137.1 Description

Theroutineexplicitlygenerates then-by-nunitarymatrixQ formedby thehetrd(USMVersion)when reducinga
complexHermitianmatrixA to tridiagonal form: A = Q*T*QT. Use this routineafter acall tohetrd (USMVersion)
function.

11.137.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event ungtr(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
T *a,
std::int64_t lda,
T *tau,
T *tau,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

ungtr (USMversion) supports the following precision and devices.

T Devices Supported
float CPU
double CPU

InputParameters

queue Device queuewhere calculations will be performed.

uplo Must be uplo::upper or uplo::lower. Uses the same uplo as supplied to the hetrd (USMVersion) function.

n The order of matrix Q (0 ≤ n).

a The pointer a returned by the hetrd (USM Version) function. The second dimension of amust be at least
max(1, n).
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lda The leading dimension of a (lda ≥ n).

tau The pointer tau returned by the hetrd (USM Version) function. The dimension of tau must be at least
max(1,n-1).

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the ungtr_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

a Overwritten by the unitarymatrix Q.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non-zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.138 ungtr_scratchpad_size

Computes size of scratchpadmemory required for ungtr (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API
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11.138.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the ungtr (buffer or USM
version) functionmust be able to hold.

11.138.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t ungtr_scratchpad_size(sycl::queue &queue,
mkl::uplo uplo,
std::int64_t n,
std::int64_t lda)

}

InputParameters

queue Device queuewhere calculations by the ungtr (buffer or USMversion) function will be performed.

uplo Must be uplo::upper or uplo::lower. Uses the same uplo as supplied to the hetrd (USMVersion) function.

n The order of matrix Q (0 ≤ n).

lda The leading dimension of a (lda ≥ n).

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the ungtr (buffer or USM version)
functionmust be able to hold.

11.139 unmqr

Multipliesacomplexmatrixby theunitarymatrixQof theQRfactorization formedbyunmqr. This routinebelongs
to the oneapi::mkl::lapack namespace.

• Description

• API
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11.139.1 Description

The routinemultiplies a rectangular complexmatrix C by Q or QH, where Q is the unitary matrix Q of the QR factor-
ization formed by the routines geqrf.

Depending on the parameters left_right and trans, the routine can form one of the matrix products Q*C,
QH*C, C*Q, or C*QH (overwriting the result on C).

11.139.2 API

Syntax

namespace oneapi::mkl::lapack {
void unmqr(sycl::queue &queue,
mkl::side side,
mkl::transpose trans,
std::int64_t m,
std::int64_t n,
std::int64_t k,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &tau,
sycl::buffer<T> &c,
std::int64_t ldc,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

unmqr supports the following precisions and devices:

T Devices supported
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

queue Device queuewhere calculations will be performed.

side If side = mkl::side::left, Q or QT is applied to C from the left. If side = mkl::side::right, Q or QT is
applied to C from the right.

trans If trans=mkl::transpose::trans, the routinemultiplies C by Q.

If trans=mkl::transpose::nontrans, the routinemultiplies C by QT.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n ≤ m).

k The number of elementary reflectors whose product defines thematrix Q (0 ≤ k ≤ n).

a Buffer holding the result of the geqrf function. The second dimension of amust be at least max(1,k).
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lda The leading dimension of a.

tau Buffer holding tau returned by the geqrf function.

c Buffer holding thematrix C. The second dimension of cmust be at least max(1,n).

ldc The leading dimension of c.

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the unmqr_scratchpad_size function.

OutputParameters

c Overwritten by the product Q*C, QT*C, C*Q, or C*QT (as specified by side and trans).

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

11.140 unmqr (USMVersion)

Multiplies a complexmatrix by the unitarymatrix Q of theQR factorization formed by the geqrf (USMVersion)
function. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.140.1 Description

The routine multiplies a complex matrix C by Q or QT, where Q is the orthogonal matrix Q of the QR factorization
formed by the routine geqrf (USMVersion).

Depending on the parameters side and trans, the routine can form one of thematrix products Q*C, QT*C, C*Q,
or C*QT (overwriting the result on C).
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11.140.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event unmqr(sycl::queue &queue,
mkl::side side,
mkl::transpose trans,
std::int64_t m,
std::int64_t n,
std::int64_t k,
T *a,
std::int64_t lda,
T *tau,
T *c,
std::int64_t ldc,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

ormqr (USMversion) supports the following precisions and devices:

T Devices supported
std::complex<float> CPU, GPU
std::complex<double> CPU, GPU

InputParameters

queue Device queuewhere calculations will be performed.

side If side = mkl::side::left, Q or QT is applied to C from the left. If side = mkl::side::right, Q or QT is
applied to C from the right.

trans If trans=mkl::transpose::trans, the routinemultiplies C by Q.

If trans=mkl::transpose::nontrans, the routinemultiplies C by QT.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n ≤ m).

k The number of elementary reflectors whose product defines thematrix Q (0 ≤ k ≤ n).

a The pointer to the result of the geqrf (USMVersion) function. The second dimension of amust be at least
max(1,k).

lda The leading dimension of a.

tau The pointer to tau returned by the geqrf (USMVersion) function.

c The pointer to thematrix C. The second dimension of cmust be at least max(1,n).
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ldc The leading dimension of c.

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the unmqr_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

c Overwritten by the product Q*C, QT*C, C*Q, or C*QT (as specified by side and trans).

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.141 unmqr_scratchpad_size

Computes size of scratchpadmemory required for unmqr (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.141.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the unmqr (buffer or USM
version) functionmust be able to hold.
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11.141.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t unmqr_scratchpad_size(sycl::queue &queue,
mkl::side side,
mkl::transpose trans,
std::int64_t m,
std::int64_t n,
std::int64_t k,
std::int64_t lda,
std::int64_t ldc)

}

InputParameters

queue Device queuewhere calculations by the unmqr (buffer or USMversion) function will be performed.

side If side = mkl::side::left, Q or QT is applied to C from the left. If side = mkl::side::right, Q or QT is
applied to C from the right.

trans If trans=mkl::transpose::trans, the routinemultiplies C by Q.

If trans=mkl::transpose::nontrans, the routinemultiplies C by QT.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n ≤ m).

k The number of elementary reflectors whose product defines thematrix Q (0 ≤ k ≤ n).

lda The leading dimension of a.

ldc The leading dimension of c.

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the unmqr (buffer or USM version)
functionmust be able to hold.
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11.142 unmrq

Multipliesacomplexmatrixby theunitarymatrixQof theRQfactorization formedbygerqf. This routinebelongs
to the oneapi::mkl::lapack namespace.

• Description

• API

11.142.1 Description

The routine multiplies a complex m-by-nmatrix C by Q or QH, where Q is the complex unitary matrix defined as a
product of k elementary reflectors H(i)of order n: Q = H(1)H* H(2)H*…*H(k)Has returnedby the RQ factoriza-
tion routine gerqf .

Depending on the parameters side and trans, the routine can form one of thematrix products Q*C, QH*C, C*Q,
or C*QH (overwriting the result over C).

11.142.2 API

Syntax

namespace oneapi::mkl::lapack {
void unmrq(sycl::queue &queue,
mkl::side side,
mkl::transpose trans,
std::int64_t m,
std::int64_t n,
std::int64_t k,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &tau,
sycl::buffer<T> &c,
std::int64_t ldc,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}

unmrq supports the following precisions and devices:

T Devices supported
std::complex<float> CPU
std::complex<double> CPU
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InputParameters

queue Device queuewhere calculations will be performed.

side If side = mkl::side::left, Q or QT is applied to C from the left. If side = mkl::side::right, Q or QT is
applied to C from the right.

trans If trans=mkl::transpose::trans, the routinemultiplies C by Q.

If trans=mkl::transpose::nontrans, the routinemultiplies C by QT.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n ≤ m).

k The number of elementary reflectors whose product defines thematrix Q (0 ≤ k ≤ n).

a Buffer holding the result of the gerqf function. The second dimension of amust be at least max(1,k).

lda The leading dimension of a.

tau Buffer holding tau returned by the :ref:‘gerqf function.

c Buffer holding thematrix C. The second dimension of cmust be at least max(1,n).

ldc The leading dimension of c.

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the unmrq_scratchpad_size function.

OutputParameters

c Overwritten by the product Q*C, QT*C, C*Q, or C*QT (as specified by side and trans).

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

611



Intel® oneAPIMath Kernel Library

11.143 unmrq (USMVersion)

Multiplies a complexmatrix by the unitarymatrix Q of the RQ factorization formed by the gerqf (USMVersion)
function. This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.143.1 Description

The routine multiplies a complex m-by-nmatrix C by Q or QT, where Q is the orthogonal matrix Q of the RQ factor-
ization formed by the routine gerqf (USMVersion) .

Depending on the parameters side and trans, the routine can form one of thematrix products Q*C, QT*C, C*Q,
or C*QT (overwriting the result over C).

11.143.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event unmrq(sycl::queue &queue,
mkl::side side,
mkl::transpose trans,
std::int64_t m,
std::int64_t n,
std::int64_t k,
T *a,
std::int64_t lda,
T *tau,
T *c,
std::int64_t ldc,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

unmrq (USMversion) supports the following precisions and devices:

T Devices supported
std::complex<float> CPU
std::complex<double> CPU
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InputParameters

queue Device queuewhere calculations will be performed.

side If side = mkl::side::left, Q or QT is applied to C from the left. If side = mkl::side::right, Q or QT is
applied to C from the right.

trans If trans=mkl::transpose::trans, the routinemultiplies C by Q.

If trans=mkl::transpose::nontrans, the routinemultiplies C by QT.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n ≤ m).

k The number of elementary reflectors whose product defines thematrix Q (0 ≤ k ≤ n).

a The pointer to the result of the gerqf (USMVersion) function. The second dimension of amust be at least
max(1,k).

lda The leading dimension of a.

tau The pointer to tau returned by the gerqf (USMVersion) function.

c The pointer to thematrix C. The second dimension of cmust be at least max(1,n).

ldc The leading dimension of c.

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the unmrq_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.

OutputParameters

c Overwritten by the product Q*C, QT*C, C*Q, or C*QT (as specified by side and trans).

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.
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ReturnValues

Output event to wait on to ensure computation is complete.

11.144 unmrq_scratchpad_size

Computes size of scratchpadmemory required for unmrq (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.144.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the unmrq (buffer or USM
version) functionmust be able to hold.

11.144.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t unmrq_scratchpad_size(sycl::queue &queue,
mkl::side side,
mkl::transpose trans,
std::int64_t m,
std::int64_t n,
std::int64_t kstd::int64_t lda,
std::int64_t ldc)

}

InputParameters

queue Device queuewhere calculations by the unmrq (buffer or USMversion) function will be performed.

side If side = mkl::side::left, Q or QT is applied to C from the left. If side = mkl::side::right, Q or QT is
applied to C from the right.

trans If trans=mkl::transpose::trans, the routinemultiplies C by Q.

If trans=mkl::transpose::nontrans, the routinemultiplies C by QT.

m The number of rows in thematrix A (0 ≤ m).

n The number of columns in thematrix A (0 ≤ n ≤ m).

k The number of elementary reflectors whose product defines thematrix Q (0 ≤ k ≤ n).

lda The leading dimension of a.

ldc The leading dimension of c.
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the unmrq (buffer or USM version)
functionmust be able to hold.

11.145 unmtr

ultiplies a complex matrix by the complex unitary matrix Q determined by hetrd. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.145.1 Description

The routinemultiplies a complexmatrixCbyQorQH, whereQ is theunitarymatrixQ formedbyhetrdwhen reduc-
ing a complex Hermitianmatrix A to tridiagonal form: A = Q*T*QH. Use this routine after a call to hetrd.

Depending on the parameters left_right and trans, the routine can form one of the matrix products Q*C, QH*C,
C*Q, or C*QH (overwriting the result on C).

11.145.2 API

Syntax

namespace oneapi::mkl::lapack {
void unmtr(sycl::queue &queue,
mkl::side side,
mkl::uplo uplo,
mkl::transpose trans,
std::int64_t m,
std::int64_t n,
sycl::buffer<T> &a,
std::int64_t lda,
sycl::buffer<T> &tau,
sycl::buffer<T> &c,
std::int64_t ldc,
sycl::buffer<T> &scratchpad,
std::int64_t scratchpad_size)

}
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unmtr supports the following precisions and devices:

T Devices supported
std::complex<float> CPU
std::complex<double> CPU

InputParameters

In the descriptions below, r denotes the order of Q:

r = m if side = side::left
r = n if side = side::right

queue Device queuewhere calculations will be performed.

side Must be either side::left or side::right.

If side = side::left, Q or QT is applied to C from the left.

If side = side::right, Q or QT is applied to C from the right.

uplo Must be either uplo::upper or uplo::lower. Uses the same uplo as supplied to hetrd (USMVersion).

trans Must be either transpose::nontrans or transpose::trans.

If trans = transpose::nontrans, the routinemultiplies C by Q.

If trans = transpose::trans, the routinemultiplies C by QT.

m The number of rows in thematrix C(m ≥ 0).

n The number of columns in thematrix C(n ≥ 0).

a Buffer holding array returned by hetrd (USMVersion).

lda The leading dimension of a (max(1, r) ≤ lda).

tau Buffer holding tau returned by hetrd (USMVersion). The dimension of taumust be at least max(1, r-1).

c Buffer holding thematrix C. The second dimension of cmust be at least max(1, n).

ldc The leading dimension of c (max(1, n) ≤ ldc).

scratchpad Buffer holding scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the unmtr_scratchpad_size function.

OutputParameters

c Overwritten by the product Q*C, QT*C, C*Q, or C*QT (as specified by side and trans).
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Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non-zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

11.146 unmtr (USMVersion)

Multiplies a complexmatrix by the complex unitary matrix Q determined by the hetrd (USMVersion) function.
This routine belongs to the oneapi::mkl::lapack namespace.

• Description

• API

11.146.1 Description

The routinemultiplies a complexmatrix C by Q or QH, where Q is the unitarymatrix Q formed by hetrd (USMVer-
sion)when reducing a complex Hermitianmatrix A to tridiagonal form: A = Q*T*QT. Use this routine after a call
to hetrd (USMVersion).

Depending on the parameters side and trans, the routine can form one of thematrix products Q*C, QT*C, C*Q, or
C*QT (overwriting the result on C).

11.146.2 API

Syntax

namespace oneapi::mkl::lapack {
sycl::event unmtr(sycl::queue &queue,
mkl::side side,
mkl::uplo uplo,
mkl::transpose trans,
std::int64_t m,
std::int64_t n,
T *a,
std::int64_t lda,
T *tau,
T *c,

(continues on next page)
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(continued from previous page)

std::int64_t ldc,
T *scratchpad,
std::int64_t scratchpad_size,
const std::vector<sycl::event> &events = {})

}

unmtr (USMversion) supports the following precisions and devices:

T Devices supported
std::complex<float> CPU
std::complex<double> CPU

InputParameters

In the descriptions below, r denotes the order of Q:

r = m if side = side::left
r = n if side = side::right

queue Device queuewhere calculations will be performed.

side Must be either side::left or side::right.

If side = side::left, Q or QT is applied to C from the left.

If side = side::right, Q or QT is applied to C from the right.

uplo Must be either uplo::upper or uplo::lower. Uses the same uplo as supplied to hetrd (USMVersion).

trans Must be either transpose::nontrans or transpose::trans.

If trans = transpose::nontrans, the routinemultiplies C by Q.

If trans = transpose::trans, the routinemultiplies C by QT.

m The number of rows in thematrix C(m ≥ 0).

n The number of columns in thematrix C(n ≥ 0).

a The pointer tomemory returned by hetrd (USMVersion).

lda The leading dimension of a (max(1, r) ≤ lda).

tau The pointer to tau returned by hetrd (USMVersion). The dimension of taumust be at least max(1, r-1).

c The pointer tomemory containing thematrix C. The second dimension of cmust be at least max(1, n).

ldc The leading dimension of c (max(1, n) ≤ ldc).

scratchpad Pointer to scratchpadmemory to be used by the routine for storing intermediate results.

scratchpad_size Size of scratchpadmemory as a number of floating point elements of type T. Size should not
be less than the value returned by the unmtr_scratchpad_size function.

events List of events to wait for before starting computation. Defaults to empty list.
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OutputParameters

c Overwritten by the product Q*C, QT*C, C*Q, or C*QT (as specified by side and trans).

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when problems occur during calculations. You

can obtain the info code of the problem using the info() method of the ex-
ception object:
If info = -i, the i-th parameter had an illegal value.
If info is equal to the value passed as scratchpad size, and detail() re-
turns non-zero, then the passed scratchpad has an insufficient size, and
the required size should not be less than the value returned by the detail()
method of the exception object.

ReturnValues

Output event to wait on to ensure computation is complete.

11.147 unmtr_scratchpad_size

Computes size of scratchpadmemory required for unmtr (USMVersion) function. This routine belongs to the
oneapi::mkl::lapack namespace.

• Description

• API

11.147.1 Description

Computes the number of elements of type T the scratchpadmemory to be passed to the unmtr (buffer or USM
version) functionmust be able to hold.

11.147.2 API

Syntax

namespace oneapi::mkl::lapack {
template<typename T>
std::int64_t unmtr_scratchpad_size(sycl::queue &queue,
mkl::side side,
mkl::uplo uplo,
mkl::transpose trans,
std::int64_t n,

(continues on next page)
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std::int64_t lda,
std::int64_t ldc)

}

InputParameters

In the descriptions below, r denotes the order of Q:

r = m if side = side::left
r = n if side = side::right

queue Device queuewhere calculations by the unmtr (buffer or USMversion) function will be performed.

side Must be either side::left or side::right.

If side = side::left, Q or QT is applied to C from the left.

If side = side::right, Q or QT is applied to C from the right.

uplo Must be either uplo::upper or uplo::lower. Uses the same uplo as supplied to hetrd (USMVersion).

trans Must be either transpose::nontrans or transpose::trans.

If trans = transpose::nontrans, the routinemultiplies C by Q.

If trans = transpose::trans, the routinemultiplies C by QT.

m The number of rows in thematrix C(m ≥ 0).

n The number of columns in thematrix C(n ≥ 0).

lda The leading dimension of a (max(1, r) ≤ lda).

ldc The leading dimension of c (max(1, n) ≤ ldc).

Exceptions

Exception Description
mkl::lapack::exception This exception is thrown when an incorrect argument value is supplied.

You can determine the position of the incorrect argument by the info()
method of the exception object.

ReturnValues

The number of elements of type T the scratchpad memory to be passed to the unmtr (buffer or USM version)
functionmust be able to hold.
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12.0 VectorMathematical Functions

Intel® oneAPI Math Kernel Library (oneMKL) Vector Mathematics functions (VM) compute a mathematical
function of each of the vector elements. VM includes a set of highly optimized functions (arithmetic, power,
trigonometric, exponential, hyperbolic, special, and rounding) that operate onvectors of real andcomplexnum-
bers.

Application programs that improve performance with VM include nonlinear programming software, computa-
tion of integrals, financial calculations, computer graphics, andmany others.

VM functions fall into the following groups according to the operations they perform:

• VMMathematical Functions compute values of mathematical functions, such as sine, cosine, exponen-
tial, or logarithm, on vectors stored contiguously inmemory.

• VM Service Functions set/get the accuracy modes and the error codes,and create error handlers for
mathematical functions.

TheVMmathematical functions takean input vector as anargument, computevaluesof the respective function
element-wise, and return the results inanoutputvector. All theVMmathematical functionscanperform in-place
operations,where the inputandoutputarraysareat thesamememory locations. ForVMmathematical functions
with positive increment indexing, in-place operations are supported onlywhen the input andoutput increments
have the same value.

The oneMKL interfaces are given in:

oneapi/mkl/vm.hpp.

Examples that demonstrate how to use theVM functions are located in:

${MKL}/examples/dpcpp/vml/source

Product and Performance Information
Performance varies by use, configuration and other factors. Learn more at https://www.intel.com/
PerformanceIndex. Notice revision #20201201

12.1 SpecialValueNotations

This topic defines notations of special values for complex functions. The definitions are provided in text, tables,
or formulas.

• z, z1, z2, etc. denote complex numbers.

• i, i2=-1 is the imaginary unit.

• x, X, x1, x2, etc. denote real imaginary parts.
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• y, Y, y1, y2, etc. denote imaginary parts.

• X and Y represent any finite positive IEEE-754 floating point values, if not stated otherwise.

• Quiet NaN and signalingNaN are denotedwithQNANandSNAN, respectively.

• The IEEE-754 positive infinities or floating-point numbers are denotedwith a + sign before X, Y, etc.

• The IEEE-754 negative infinities or floating-point numbers are denotedwith a - sign before X, Y, etc.

CONJ(z) and CIS(z) are defined as follows:

• CONJ(x+i·y)=x-i·y

• CIS(y)=cos(y)+i·sin(y).

Thespecial value tablesshowthe resultof the function for thezargumentat the intersectionof theRE(z)column
and the i*IM(z) row. If the function raises an exception on the argument z, the lower part of this cell shows the
raised exception and theVMError Status. An empty cell indicates that this argument is normal and the result is
definedmathematically.

12.2 VMMathematical Functions

This sectiondescribesVMfunctions that computevaluesofmathematical functionson real andcomplexvector
arguments.

Each function is introduced by its short name, a brief description of its purpose, and the calling sequence for
each type of data, as well as a description of the input/output arguments.

The input range of parameters is equal to the mathematical range of the input data type, unless the function
description specifies input threshold values, whichmark off the precision overflow, as follows:

• FLT_MAX denotes themaximumnumber representable in single precision real data type

• DBL_MAX denotes themaximumnumber representable in double precision real data type

The following table lists availablemathematical functions and associated data types.

Function Data Types Description
Arithmetic Functions
add s, d, c, z Adds vector elements
sub s, d, c, z Subtracts vector elements
sqr s, d Squares vector elements
mul s, d, c, z Multiplies vector elements
mulbyconj c, z Multiplies elements of one vector by conjugated el-

ements of the second vector
conj c, z Conjugates vector elements
abs s, d, c, z Computes the absolute value of vector elements
arg c, z Computes the argument of vector elements
linearfrac s, d Performs linear fraction transformation of vectors

continues on next page
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Table 9 – continued from previous page
Function Data Types Description
fmod s, d Performs element by element computation of the

modulus function of vector a with respect to vector
b

remainder s, d Performselementbyelementcomputationof the re-
mainder function on the elements of vector a and
the corresponding elements of vector b

Power andRoot Functions
inv s, d Inverts vector elements
div s, d, c, z Divides elements of one vector by elements of the

second vector
sqrt s, d, c, z Computes the square root of vector elements
invsqrt s, d Computes the inverse square root of vector ele-

ments
cbrt s, d Computes the cube root of vector elements
invcbrt s, d Computes the inverse cube root of vector elements
pow2o3 s, d Computes the cube root of the square of each vec-

tor element
pow3o2 s, d Computes the square root of the cube of each vec-

tor element
pow s, d, c, z Raises each vector element to the specified power
powx s, d, c, z Raises each vector element to the constant power
powr s, d Computes a to the power b for elements of two vec-

tors,where theelementsof vector argumentaareall
non-negative

hypot s, d Computes the square root of sum of squares
Exponential and Logarith-
mic Functions
exp s, d, c, z Computes the base e exponential of vector ele-

ments
exp2 s, d Computes the base 2 exponential of vector ele-

ments
exp10 s, d Computes the base 10 exponential of vector ele-

ments
expm1 s, d Computes the base e exponential of vector ele-

ments decreased by 1
ln s, d, c, z Computes the natural logarithm of vector elements
log2 s, d Computes the base 2 logarithm of vector elements
log10 s, d, c, z Computes the base 10 logarithmof vector elements
log1p s, d Computes the natural logarithm of vector elements

that are increased by 1
logb s, d Computes the exponents of the elements of input

vector a
Trigonometric Functions

continues on next page
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Table 9 – continued from previous page
Function Data Types Description
cos s, d, c, z Computes the cosine of vector elements
sin s, d, c, z Computes the sine of vector elements
sincos s, d Computes the sine and cosine of vector elements
cis c, z Computes the complex exponent of vector el-

ements (cosine and sine combined to complex
value)

tan s, d, c, z Computes the tangent of vector elements
acos s, d, c, z Computes the inverse cosine of vector elements
asin s, d, c, z Computes the inverse sine of vector elements
atan s, d, c, z Computes the inverse tangent of vector elements
atan2 s, d Computes the four-quadrant inverse tangent of ra-

tios of the elements of two vectors
cospi s, d Computes the cosine of vector elements multiplied

by π
sinpi s, d Computes the sine of vector elementsmultiplied by

π

tanpi s, d Computes the tangentofvectorelementsmultiplied
by π

acospi s, d Computes the inverse cosine of vector elements di-
vided by π

asinpi s, d Computes the inverse sine of vector elements di-
vided by π

atanpi s, d Computes the inverse tangent of vector elements
divided by π

atan2pi s, d Computes the four-quadrant inverse tangent of the
ratios of the corresponding elementss of two vec-
tors divided by π

cosd s, d Computes the cosine of vector elements multiplied
by π/180

sin s, d Computes the sine of vector elementsmultiplied by
π/180

tand s, d Computes the tangentofvectorelementsmultiplied
by π/180

Hyperbolic Functions
cosh s, d, c, z Computes thehyperbolic cosineof vector elements
sinh s, d, c, z Computes the hyperbolic sine of vector elements
tanh s, d, c, z Computes the hyperbolic tangent of vector ele-

ments
acosh s, d, c, z Computes the inverse hyperbolic cosine of vector

elements
asinh s, d, c, z Computes the inverse hyperbolic sine of vector ele-

ments
continues on next page
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Table 9 – continued from previous page
Function Data Types Description
atanh s, d, c, z Computes the inverse hyperbolic tangent of vector

elements.
Special Functions
erf s, d Computes the error function value of vector ele-

ments
erfc s, d Computes the complementary error function value

of vector elements
cdfnorm s, d Computes the cumulative normal distribution func-

tion value of vector elements
erfinv s, d Computes the inverse error function value of vector

elements
erfcinv s, d Computes the inverse complementary error func-

tion value of vector elements
cdfnorminv s, d Computes the inverse cumulative normal distribu-

tion function value of vector elements
lgamma s, d Computes the natural logarithm for the absolute

value of the gamma function of vector elements
tgamma s, d Computes the gamma function of vector elements
expint1 s, d Computes the exponential integral of vector ele-

ments
RoundingFunctions
floor s, d Rounds towardsminus infinity
ceil s, d Rounds towards plus infinity
trunc s, d Rounds towards zero infinity
round s, d Rounds to nearest integer
nearbyint s, d Rounds according to current mode
rint s, d Roundsaccording tocurrentmodeand raising inex-

act result exception
modf s, d Computes the integer and fractional parts
frac s, d Computes the fractional part
MiscellaneousFunctions
copysign s, d Returns vector of elements of one argument with

signs changed tomatch other argument elements
nextafter s, d Returns vector of elements containing the next rep-

resentablefloating-point values following thevalues
from the elements of one vector in the direction of
the corresponding elements of another vector

fdim s, d Returns vector containing the differences of the
corresponding elements of the vector arguments if
the first is larger and +0 otherwise

fmax s, d Returns the largerofeachpairofelementsof the two
vector arguments

continues on next page
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Table 9 – continued from previous page
Function Data Types Description
fmin s, d Returns the smaller of each pair of elements of the

two vector arguments
maxmag s, d Returns the element with the larger magnitude be-

tween each pair of elements of the two vector argu-
ments

minmag s, d Returns the elementwith the smallermagnitudebe-
tween each pair of elements of the two vector argu-
ments

12.2.1 Arithmetic Functions

Arithmetic functionsperformthebasicmathematical operations likeaddition, subtraction,multiplicationorcom-
putation of the absolute value of the vector elements.

add

Computes the element-wise addition of vector a and vector b.

• Description

• API

• Examples

Description

The add(a, b) function performs element by element addition of vector a and vector b.

Argument 1 Argument 2 Result Error Code
+0 +0 +0
+0 -0 +0
-0 +0 +0
-0 -0 -0
+∞ +∞ +∞
+∞ -∞ QNAN
-∞ +∞ QNAN
-∞ -∞ -∞
SNAN any value QNAN
any value SNAN QNAN

Specifications for special values of the complex functions are defined according to the following formula:
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add(x1+i*y1,x2+i*y2) = (x1+x2) + i*(y1+y2)

Overflow in a complex function occurs (supported in the HA/LA accuracy modes only) when all RE(x), RE(y),
IM(x), IM(y) arguments are finite numbers, but the real or imaginary part of the computed result is so large that
it does not fit the target precision. In this case, the function returns∞ in that part of the result, and sets the VM
Error Status to status::overflow (overriding any possible status::accuracy_warning status).

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event add(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & b,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event add(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & b,
oneapi::mkl::slice sb,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event add(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T const * b,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,

(continues on next page)
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(continued from previous page)

oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event add(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T const * b,
oneapi::mkl::slice sb,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

add supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

Description

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b The buffer containing the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.
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errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b Pointer to the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use add can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vadd.cpp
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sub

Computes the element-wise subtraction of vector b from vector a.

• Description

• API

• Examples

Description

The sub(a, b) function performs element by element subtraction of vector a and vector b.

Argument 1 Argument 2 Result Error Code
+0 +0 +0
+0 -0 +0
-0 +0 +0
-0 -0 -0
+∞ +∞ QNAN
+∞ -∞ +∞
-∞ +∞ -∞
-∞ -∞ QNAN
SNAN any value QNAN
any value SNAN QNAN

Specifications for special values of the complex functions are defined according to the following formula:

sub(x1+i*y1,x2+i*y2) = (x1-x2) + i*(y1-y2)

Overflow in a complex function occurs (supported in the HA/LA accuracy modes only) when all RE(x), RE(y),
IM(x), IM(y) arguments are finite numbers, but the real or imaginary part of the computed result is so large that
it does not fit the target precision. In this case, the function returns∞ in that part of the result, and sets the VM
Error Status to status::overflow (overriding any possible status::accuracy_warning status).

API

Syntax

BufferAPI
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namespace oneapi::mkl::vm {

sycl::event sub(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & b,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event sub(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & b,
oneapi::mkl::slice sb,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event sub(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T const * b,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event sub(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T const * b,
oneapi::mkl::slice sb,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},

(continues on next page)
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(continued from previous page)

oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

sub supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b The buffer containing the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b Pointer to the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.
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sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use sub can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vsub.cpp

sqr

Compute the square of vector elements.

• Description

• API

• Examples
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Description

The sqr() function performs element by element squaring of the vector.

Argument Result Error Code
+0 +0
-0 +0
+∞ +∞
-∞ +∞
QNAN QNAN
SNAN QNAN

The sqr function does not generate any errors.

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event sqr(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event sqr(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event sqr(sycl::queue & exec_queue,
(continues on next page)
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(continued from previous page)

std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event sqr(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

sqr supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

635



Intel® oneAPIMath Kernel Library

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use sqr can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vsqr.cpp

mul

Computes the element-wisemultiplication of vector a and vector b.

• Description

• API

• Examples
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Description

The mul(a, b) function performs element by elementmultiplication of vector a and vector b.

Argument 1 Argument 2 Result Error Code
+0 +0 +0
+0 -0 -0
-0 +0 -0
-0 -0 +0
+0 +∞ QNAN
+0 -∞ QNAN
-0 +∞ QNAN
-0 -∞ QNAN
+∞ +0 QNAN
+∞ -0 QNAN
-∞ +0 QNAN
-∞ -0 QNAN
+∞ +∞ +∞
+∞ -∞ -∞
-∞ +∞ -∞
-∞ -∞ +∞
SNAN any value QNAN
any value SNAN QNAN
QNAN non-SNAN QNAN
non-SNAN QNAN QNAN

Specifications for special values of the complex functions are defined according to the following formula:

mul(x1+i*y1,x2+i*y2) = (x1*x2-y1*y2) + i*(x1*y2+y1*x2)

Overflow in a complex function occurs (supported in the HA/LA accuracy modes only) when all RE(x), RE(y),
IM(x), IM(y) arguments are finite numbers, but the real or imaginary part of the computed result is so large that
it does not fit the target precision. In this case, the function returns∞ in that part of the result, and sets the VM
Error Status to status::overflow (overriding any possible status::accuracy_warning status).

API

Syntax

BufferAPI
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namespace oneapi::mkl::vm {

sycl::event mul(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & b,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event mul(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & b,
oneapi::mkl::slice sb,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event mul(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T const * b,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event mul(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T const * b,
oneapi::mkl::slice sb,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},

(continues on next page)
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oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

mul supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b The buffer containing the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b Pointer to the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.
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sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use mul can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vmul.cpp

mulbyconj

• Description

• API

• Examples

Description

Computes theelement-wisemultiplicationofvectoraelementsandthecomplexconjugateofvectorbelements.
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event mulbyconj(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & b,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event mulbyconj(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & b,
oneapi::mkl::slice sb,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event mulbyconj(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T const * b,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event mulbyconj(sycl::queue & exec_queue,
T const * a,

(continues on next page)
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oneapi::mkl::slice sa,
T const * b,
oneapi::mkl::slice sb,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

mulbyconj supports the following precisions and devices:

T Devices supported
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b The buffer containing the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handlingmode for this function call. See the create_error_handler function for ar-
guments and their descriptions. This an optional parameter. The local error handler is disabledbydefault.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

642



Intel® oneAPIMath Kernel Library

b Pointer to the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use mulbyconj can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vmulbyconj.cpp

conj

Computes the complex conjugate of vector elements.

• Description

• API

• Examples
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Description

The conj function performs element by element conjugation of the vector.

No special values are specified. The conj function does not generate any errors.

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event conj(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event conj(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event conj(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event conj(sycl::queue & exec_queue,
(continues on next page)
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T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

conj supports the following precisions and devices:

T Devices supported
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use conj can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vconj.cpp

abs

Computes absolute value of vector elements.

• Description

• API

• Examples

Description

The abs(a) function computes an absolute value of vector elements.

Argument Result Error Code
+0 +0
-0 +0
+∞ +∞
-∞ +∞
QNAN QNAN
SNAN QNAN

Specifications for special values of the complex functions are defined according to the following formula

abs(a) = hypot(RE(a),IM(a)).

The abs function does not generate any errors.
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event abs(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event abs(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event abs(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event abs(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}
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abs supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.
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Examples

An example of how to use abs can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vabs.cpp

arg

Computes the argument of vector elements in [-pi, pi].

• Description

• API

• Examples

Description

The arg(a) function computes argument of vector elements.

SeeSpecial ValueNotations for the conventions used in the table below.

RE(a) i·IM(a) -∞ -X -0 +0 +X +∞ NAN
+i·∞ +3·π/4 +π/2 +π/2 +π/2 +π/2 +π/4 NAN
+i·Y +π +π/2 +π/2 +0 NAN
+i·0 +π +π +π +0 +0 +0 NAN
-i·0 -π -π -π -0 -0 -0 NAN
-i·Y -π -π/2 -π/2 -0 NAN
-i·∞ -3·π/4 -π/2 -π/2 -π/2 -π/2 -π/4 NAN
+i·NAN NAN NAN NAN NAN NAN NAN NAN

Note: arg(a)=atan2(IM(a),RE(a))

The arg function does not generate any errors.
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event arg(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event arg(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event arg(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event arg(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}
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arg supports the following precisions and devices:

T Devices supported
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.
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Examples

An example of how to use arg can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/varg.cpp

linearfrac

Computes the element-wise linear fractional transformation of vectors a and bwith scalar parameters.

• Description

• API

• Examples

Description

The linearfrac(a,b,scalea,shifta,scaleb,shiftb) function performs a linear fraction transformation of
vectoraby vectorbwith scalar parameters: scalingmultipliers scalea, scaleb and shifting addends shifta, shiftb:

y[i]=(scalea·a[i]+shifta)/(scaleb·b[i]+shiftb), i=1,2 … n

Thelinearfrac function is implemented in theEPaccuracymodeonly, thereforenospecial valuesaredefined
for this function. If used inHAorLAmode,linearfracsets theVMErrorStatus tostatus::accuracy_warning.
Correctness is guaranteed within the threshold limitations defined for each input parameter (see the table be-
low); otherwise, the behavior is unspecified.

Threshold Limitations on Input Parameters
2EMIN/2≤ |scalea| ≤ 2(EMAX-2)/2
2EMIN/2≤ |scaleb| ≤ 2(EMAX-2)/2
|shifta| ≤ 2EMAX-2
|shiftb| ≤ 2EMAX-2
2EMIN/2≤a[i] ≤ 2(EMAX-2)/2
2EMIN/2≤b[i] ≤ 2(EMAX-2)/2
a[i] ≠ - (shifta/scalea)*(1-δ1), |δ1| ≤ 21-(p-1)/2
b[i] ≠ - (shiftb/scaleb)*(1-δ2), |δ2| ≤ 21-(p-1)/2

EMIN and EMAX are theminimum andmaximumexponents and p is the number of significant bits (precision) for
the corresponding data type according to theANSI/IEEEStandard 754-2008 [IEEE754]:

• for single precisionEMIN = -126, EMAX = 127, p = 24

• for double precisionEMIN = -1022, EMAX = 1023, p = 53

The thresholds become less strict for common cases with scalea=0 and/or scaleb=0:

• ifscalea=0, there are no limitations for the values of a[i] and shifta.

• ifscaleb=0, there are no limitations for the values of b[i] and shiftb.
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event linearfrac(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & b,
T scalea,
T shifta,
T scaleb,
T shiftb,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event linearfrac(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & b,
oneapi::mkl::slice sb,
T scalea,
T shifta,
T scaleb,
T shiftb,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event linearfrac(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T const * b,
T scalea,
T shifta,
T scaleb,

(continues on next page)
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(continued from previous page)

T shiftb,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event linearfrac(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T const * b,
oneapi::mkl::slice sb,
T scalea,
T shifta,
T scaleb,
T shiftb,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

linearfrac supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b The buffer containing the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

scalea Constant value for scalingmultipliers of vector a
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shifta Constant value for shifting addend of vector a

scaleb Constant value for scalingmultipliers of vector b

shiftb Constant value for shifting addend of vector b

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b Pointer to the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

scalea Constant value for scalingmultipliers of vector a

shifta Constant value for shifting addend of vector a

scaleb Constant value for scalingmultipliers of vector b

shiftb Constant value for shifting addend of vector b

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.
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Examples

An example of how to use linearfrac can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vllinearfrac.cpp

fmod

Computes the element-wise remainder of vector a elements divided by vector b elements that has the same
sign as vector a elements.

• Description

• API

• Examples

Description

The fmod (a,b) function computes themodulus function of each element of vector a, with respect to the cor-
responding elements of vector b:

ai - bi*trunc(ai/bi)

In general, themodulus function fmod (ai, bi) returns the value ai - n*bi for some integer n such that if bi
is nonzero, the result has the same sign as ai and amagnitude less than themagnitude of bi.

Argument 1 Argument 2 Result Error Code
a not NAN ±0 NAN status::sing
±∞ b not NAN NAN status::sing
±0 b≠ 0, not NAN ±0
a finite ±∞ a
NAN b
a NAN NAN

API

Syntax

BufferAPI
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namespace oneapi::mkl::vm {

sycl::event fmod(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & b,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event fmod(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & b,
oneapi::mkl::slice sb,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event fmod(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T const * b,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event fmod(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T const * b,
oneapi::mkl::slice sb,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},

(continues on next page)
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oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

fmod supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b The buffer containing the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b Pointer to the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.
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depends Vector of dependent events (to wait for input data to be ready).

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector of size n.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector of size n.

returnvalue (event) Computation end event.

Examples

An example of how to use fmod can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vfmod.cpp

remainder

Computes theelement-wise remainderof vectoraelementsdividedbyvectorbelements, that isnearest tozero.

• Description

• API

• Examples

Description

The remainder(a) function computes the remainder of each element of vector a, with respect to the corre-
sponding elements of vector b: compute the values of n such that

n = ai - n*bi

where n is the integer nearest to the exact value of ai/bi. If two integers are equally close to ai/bi, n is the even
one. If n is zero, it has the same sign as ai.
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Argument 1 Argument 2 Result VM Error Status
a not NAN ±0 NAN status::errdom
±∞ b not NAN NAN
±0 b≠ 0, not NAN ±0
a finite ±∞ a
NAN b NAN
a NAN NAN

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event remainder(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & b,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event remainder(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & b,
oneapi::mkl::slice sb,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event remainder(sycl::queue & exec_queue,
std::int64_t n,
T const * a,

(continues on next page)
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T const * b,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event remainder(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T const * b,
oneapi::mkl::slice sb,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

remainder supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b The buffer containing the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.
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errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b Pointer to the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use remainder can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vremainder.cpp
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12.2.2 Power andRoot Functions

inv

Computes the element-wisemultiplicative inverse (or reciprocal) of vector elements.

• Description

• API

• Examples

Description

The inv(a) function performs element by element inversion of the vector.

Argument Result VM Error Status
+0 +∞ status::sing
-0 -∞ status::sing
+∞ +0
-∞ -0
QNAN QNAN
SNAN QNAN

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event inv(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}
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namespace oneapi::mkl::vm {

sycl::event inv(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event inv(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event inv(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

inv supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU
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InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.
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Examples

An example of how to use inv can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vinv.cpp

div

Computes the element-wise division of vector a elements by vector b elements.

• Description

• API

• Examples

Description

The div(a,b) function performs element by element division of vector a by vector b.

Argument 1 Argument 2 Result VM Error Status
X > +0 +0 +∞ status::sing
X > +0 -0 -∞ status::sing
X < +0 +0 -∞ status::sing
X < +0 -0 +∞ status::sing
+0 +0 QNAN status::sing
-0 -0 QNAN status::sing
X > +0 +∞ +0
X > +0 -∞ -0
+∞ +∞ QNAN
-∞ -∞ QNAN
QNAN QNAN QNAN
SNAN SNAN QNAN

Specifications for special values of the complex functions are defined according to the following formula

Div(x1+i*y1,x2+i*y2) = (x1+i*y1)*(x2-i*y2)/(x2*x2+y2*y2).

Overflow in a complex function occurs when x2+i*y2 is not zero, x1, x2, y1, y2 are finite numbers, but the real
or imaginary part of the exact result is so large that it does not fit the target precision. In that case, the function
returns∞ in that part of the result, and sets theVMError Status to status::overflow.
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event div(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & b,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event div(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & b,
oneapi::mkl::slice sb,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event div(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T const * b,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event div(sycl::queue & exec_queue,
T const * a,

(continues on next page)
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oneapi::mkl::slice sa,
T const * b,
oneapi::mkl::slice sb,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

div supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b The buffer containing the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.
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a Pointer to the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b Pointer to the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y TheThe buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use div can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vdiv.cpp

sqrt

Computes the element-wise square root of vector elements.

• Description

• API

• Examples
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Description

The sqrt function computes a square root of vector elements.

Argument Result VM Error Status
a< +0 QNAN status::errdom
+0 +0
-0 -0
−∞ QNAN status::errdom
+∞ +∞
QNAN QNAN
SNAN QNAN

+i·∞ +∞infty‘ +∞infty‘ +∞infty‘ +∞infty‘ +∞infty‘ +∞infty‘ +∞infty‘
+i·Y +0+i·∞ +∞+ i·0
+i·0 +0+i·∞ +0+i·0 +0+i·0 +∞+ i·0
-i·0 +0-i·∞ +0-i·0 +0-i·0 +∞-i·0
-i·Y +0-i·∞ +∞-i·0
-i·∞ +∞-i·∞ +∞-i·∞ +∞-i·∞ +∞-i·∞ +∞-i·∞ +∞-i·∞ +∞-i·∞
+i·NAN

Note: Sqrt(CONJ(z))=CONJ(Sqrt(z)).

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event sqrt(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}
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namespace oneapi::mkl::vm {

sycl::event sqrt(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event sqrt(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event sqrt(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

sqrt supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU
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InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.
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Examples

An example of how to use sqrt can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vsqrt.cpp

invsqrt

Computes the element-wise inverse square root of vector elements.

• Description

• API

• Examples

Description

The invsqrt(a) function computes an inverse square root of vector elements.

Argument Result VM Error Status
a < +0 QNAN status::errdom
+0 +∞ status::sing
-0 -∞ status::sing
-∞ QNAN status::errdom
+∞ +0
QNAN QNAN
SNAN QNAN

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event invsqrt(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}
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namespace oneapi::mkl::vm {

sycl::event invsqrt(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event invsqrt(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event invsqrt(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

invsqrt supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

674



Intel® oneAPIMath Kernel Library

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.
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Examples

An example of how to use invsqrt can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vinvsqrt.cpp

cbrt

Computes the element-wise cube root of vector elements.

• Description

• API

• Examples

Description

The cbrt(a) function computes a cube root of vector elements.

Argument Result Error Code
+0 +0
-0 -0
+∞ +∞
-∞ -∞
QNAN QNAN
SNAN QNAN
+0 +0

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event cbrt(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}
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namespace oneapi::mkl::vm {

sycl::event cbrt(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event cbrt(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event cbrt(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

cbrt supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU
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InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Pointer to the input vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use cbrt can be found in the oneMKL installation directory, under:
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examples/dpcpp/vml/source/vcbrt.cpp

invcbrt

Computes the element-wise inverse cube root of vector elements.

• Description

• API

• Examples

Description

The invcbrt(a) function computes an inverse cube root of vector elements.

Argument Result Error Code
+0 +∞ status::sing
-0 -∞ status::sing
+∞ +0
-∞ -0
QNAN QNAN
SNAN QNAN

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event invcbrt(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}
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namespace oneapi::mkl::vm {

sycl::event invcbrt(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event invcbrt(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event invcbrt(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

invcbrt supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU
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InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.
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Examples

An example of how to use invcbrt can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vinvcbrt.cpp

pow2o3

Computes the element-wise cube root of the square of vector elements.

• Description

• API

• Examples

Description

The pow2o3(a) function computes the cube root of the square of each vector element.

Argument Result Error Code
+0 +0
-0 +0
+∞ +∞
-∞ +∞
QNAN QNAN
SNAN QNAN

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event pow2o3(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}
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namespace oneapi::mkl::vm {

sycl::event pow2o3(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event pow2o3(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event pow2o3(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

pow2o3 supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU
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InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.
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Examples

An example of how to use pow2o3 can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vpow203.cpp

pow3o2

Computes the element-wise square root of the cube of vector elements.

• Description

• API

• Examples

Description

The pow3o2(a) function computes the square root of the cube of each vector element.

Data Type Threshold Limitations on Input Parameters
single precision |ai| < (FLT_MAX)2/3
double precision |ai| < (FLT_MAX)2/3

Argument Result VM Error Status
a < +0 QNAN status::errdom
+0 +0
-0 -0
-∞ QNAN status::errdom
+∞ +∞
QNAN QNAN
SNAN QNAN

API

Syntax

BufferAPI
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namespace oneapi::mkl::vm {

sycl::event pow3o2(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event pow3o2(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event pow3o2(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event pow3o2(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

pow3o2 supports the following precisions and devices:
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T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use pow3o2 can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vpow3o2.cpp

pow

Computes the element-wise exponentiation of vector a elements raised to the power of vector b elements.

• Description

• API

• Examples

Description

The pow(a,b) function computes a to the power b for elements of two vectors.

The real function powhas certain limitations on the input range of a and bparameters. Specifically, if a[i] is posi-
tive, then b[i]maybe arbitrary. For negative a[i], the value of b[i]must be an integer (either positive or negative).

The complex function pow has no input range limitations.

Argument 1 Argument 2 Result Error Code
+0 neg. odd integer +∞ status::errdom
-0 neg. odd integer -∞ status::errdom
+0 neg. even integer +∞ status::errdom
-0 neg. even integer +∞ status::errdom
+0 neg. non-integer +∞ status::errdom
-0 neg. non-integer +∞ status::errdom

continues on next page
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Table 11 – continued from previous page
Argument 1 Argument 2 Result Error Code
-0 pos. odd integer +0
-0 pos. odd integer -0
+0 pos. even integer +0
-0 pos. even integer +0
+0 pos. non-integer +0
-0 pos. non-integer +0
-1 +∞ +1
-1 -∞ +1
+1 any value +1
+1 +0 +1
+1 -0 +1
+1 +∞ +1
+1 -∞ +1
+1 QNAN +1
any value +0 +1
+0 +0 +1
-0 +0 +1
+∞ +0 +1
-∞ +0 +1
QNAN +0 +1
any value -0 +1
+0 -0 +1
-0 -0 +1
+∞ -0 +1
-∞ -0 +1
QNAN -0 +1
a < +0 non-integer QNAN status::errdom
|a| < 1 -∞ +∞
+0 -∞ +∞ status::errdom
-0 -∞ +∞ status::errdom
|a| > 1 -∞ +0
+∞ -∞ +0
-∞ -∞ +0
|a| < 1 +∞ +0
+0 +∞ +0
-0 +∞ +0
|a| > 1 +∞ +∞
+∞ +∞ +∞
-∞ +∞ +∞
-∞ neg. odd integer -0
-∞ neg. even integer +0
-∞ neg. non-integer +0

continues on next page
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Table 11 – continued from previous page
Argument 1 Argument 2 Result Error Code
-∞ pos. odd integer -∞
-∞ pos. even integer +∞
-∞ pos. non-integer +∞
+∞ b < +0 +0
+∞ b > +0 +∞
Big finite value* Big finite value* +/-∞ status::overflow
QNAN QNAN QNAN
QNAN SNAN QNAN
SNAN QNAN QNAN
SNAN SNAN QNAN

*Overflow in a real function is supported only in the HA/LA accuracymodes. The overflow occurs when x and
y are finite numbers, but the result is too large to fit the target precision. In this case, the function:

1. Returns∞ in the result.

2. Sets theVMError Status to status::overflow.

Overflow in a complex function occurs (supported in the HA/LA accuracy modes only) when all RE(x), RE(y),
IM(x), IM(y) arguments are finite numbers, but the real or imaginary part of the computed result is so large that
it does not fit the target precision. In this case, the function returns∞ in that part of the result, and sets the VM
Error Status to status::overflow (overriding any possible status::accuracy_warning status).

The complex double precision versions of this function are implemented in the EP accuracymode only. If used
in HAor LAmode, the functions set the VMError Status to status::accuracy_warning.

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event pow(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & b,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}
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namespace oneapi::mkl::vm {

sycl::event pow(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & b,
oneapi::mkl::slice sb,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event pow(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T const * b,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event pow(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T const * b,
oneapi::mkl::slice sb,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

pow supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU
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InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b The buffer containing the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b Pointer to the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use pow can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vpow.cpp

powx

Computes the element-wise exponentiation of vector a elements raised to the power of scalar b.

• Description

• API

• Examples

Description

The powx function computes a to the power b for a vector a and a scalar b.

The real function powx has certain limitations on the input range of a and b parameters. Specifically, if a[i] is
positive, then bmaybe arbitrary. For negative a[i], the value of bmust be an integer (either positive or negative).

The complex function powx has no input range limitations.

Special values andVMError Status treatment are the same as for the pow function.

API

Syntax

BufferAPI
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namespace oneapi::mkl::vm {

sycl::event powx(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
T b,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event powx(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
T b,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event powx(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T b,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event powx(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T b,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

(continues on next page)
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(continued from previous page)

}

powx supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b Fixed value of power.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b Fixed value of power.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.
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mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use powx can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vpowx.cpp

powr

Computes the element-wise exponentiation of vector a elements raised to the power of vector b elements,
where the elements of vector a are all non-negative.

• Description

• API

• Examples

Description

The powr(a,b) function raises each element of vector a by the corresponding element of vector b. The ele-
ments of a are all nonnegative (ai≥ 0).

Data Type Threshold Limitations on Input Parameters
single precision ai < (FLT_MAX)1/“b‘i‘
double precision ai < (DBL_MAX)1/“b‘i‘
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Special values and VM Error Status treatment for v?Powr function are the same as for pow, unless otherwise
indicated in this table:

Argument 1 Argument 2 Result Error Code
a < 0 any value b NAN status::errdom
0 < a <∞ ±0 1
±0 -∞ < b < 0 +∞
±0 -∞ +∞
±0 b > 0 +0
1 -∞ < b <∞ 1
±0 ±0 NAN
+∞ ±0 NAN
1 +∞ NAN
a≥ 0 NAN NAN
NAN any value b NAN
0 < a <1 -∞ +∞
a > 1 -∞ +0
0 ≤a < 1 +∞ +0
a > 1 +∞ +∞
+∞ b < +0 +0
+∞ b > +0 +∞
QNAN QNAN QNAN status::errdom
QNAN SNAN QNAN status::errdom
SNAN QNAN QNAN status::errdom
SNAN SNAN QNAN status::errdom

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event powr(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & b,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}
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namespace oneapi::mkl::vm {

sycl::event powr(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & b,
oneapi::mkl::slice sb,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event powr(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T const * b,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event powr(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T const * b,
oneapi::mkl::slice sb,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

powr supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU
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InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b The buffer containing the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b Pointer to the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use powr can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vpowr.cpp

hypot

Computes the element-wise square root of the sumof the squares of vector a elements and vector b elements.

• Description

• API

• Examples

Description

The hypot(a,b) function computes a square root of sum of two squared elements.

Argument 1 Argument 2 Result Error Code
+0 +0 +0
-0 -0 +0
+∞ any value +∞
any value +∞ +∞
SNAN any value QNAN INVALID
any value SNAN QNAN INVALID
QNAN any value QNAN
any value QNAN QNAN
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Data Type Threshold Limitations on Input Parameters
single precision abs(a[i]) < sqrt(FLT_MAX) abs(b[i]) < sqrt(FLT_MAX)
double precision abs(a[i]) < sqrt(DBL_MAX) abs(b[i]) < sqrt(DBL_MAX)

The hypot(a,b) function does not generate any errors.

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event hypot(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & b,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event hypot(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & b,
oneapi::mkl::slice sb,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event hypot(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T const * b,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}
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namespace oneapi::mkl::vm {

sycl::event hypot(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T const * b,
oneapi::mkl::slice sb,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

hypot supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b The buffer containing the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b Pointer to the 2nd input vector.
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sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use hypot can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vhypot.cpp

12.2.3 Exponential andLogarithmic Functions

exp

Computes the element-wise natural (base-e) exponential of vector elements.

• Description

• API

• Examples
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Description

The exp(a) function computes an exponential of vector elements.

Data Type Threshold Limitations on Input Parameters
single precision a[i] < Log( FLT_MAX )
double precision a[i] < Log( DBL_MAX )

Argument Result Error Code
+0 +1
-0 +1
a > overflow +∞ status::overflow
a < underflow +0 status::overflow
+∞ +∞
-∞ +0
QNAN QNAN
SNAN QNAN

+i·∞
+i·Y
+i·0
-i·0
-i·Y
-i·∞
+i·NAN

Note:

• The complex exp(z) function sets the VM Error Status to status::overflow in the case of overflow, that is,
whenbothRE(z) and IM(z) are finite non-zero numbers, but the real or imaginary part of the exact result is
so large that it does notmeet the target precision.
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event exp(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event exp(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event exp(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event exp(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},

(continues on next page)
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(continued from previous page)

oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

exp supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler for arguments
and their descriptions. This is an optional parameter. The local error handler is disabled by default.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use exp can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vexp.cpp

exp2

Computes the element-wise base-2 exponential of vector elements.

• Description

• API

• Examples

Description

The exp2 function computes the base 2 exponential of vector elements.

Data Type Threshold Limitations on Input Parameters
single precision ai < log2(FLT_MAX)
double precision ai < log2(DBL_MAX)

Argument Result Error Code
+0 +1
-0 +1
a > overflow +∞ status::overflow
a < underflow +0 status::underflow
+∞ +∞
-∞ +0
QNAN QNAN
SNAN QNAN
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event exp2(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event exp2(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event exp2(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event exp2(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},

(continues on next page)
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(continued from previous page)

oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

exp2 supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use exp2 can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vexp2.cpp

exp10

Computes the element-wise base-10 exponential of vector elements.

• Description

• API

• Examples

Description

The exp10(a) function computes the base 10 exponential of vector elements.

Data Type Threshold Limitations on Input Parameters
single precision ai < log10(FLT_MAX)
double precision ai < log10(DBL_MAX)

Argument Result VM Error Status
+0 +1
-0 +1
a > overflow +∞ status::overflow
a < underflow +0 status::underflow
+∞ +∞
-∞ +0
QNAN QNAN
SNAN QNAN
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event exp10(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event exp10(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event exp10(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event exp10(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},

(continues on next page)
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(continued from previous page)

oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

exp10 supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use exp10 can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vexp10.cpp

expm1

Computes the element-wise subtraction of 1 from the exponential of vector elements.

• Description

• API

• Examples

Description

The expm1(a) function computes an exponential of vector elements decreased by 1.

Argument Result Error Code
+0 +1
-0 +1
a > overflow +∞ status::overflow
+∞ +∞
-∞ -0
QNAN QNAN
SNAN QNAN

Data Type Threshold Limitations on Input Parameters
single precision a[i] < Log( FLT_MAX )
double precision a[i] < Log( DBL_MAX )

713



Intel® oneAPIMath Kernel Library

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event expm1(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event expm1(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event expm1(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event expm1(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},

(continues on next page)
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(continued from previous page)

oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

expm1 supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use expm1 can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vexpm1.cpp

ln

Computes the element-wise natural logarithm of vector elements.

• Description

• API

• Examples

Description

The ln(a) function computes natural logarithm of vector elements.

Argument Result Error Code
+1 +0
a <+0 QNAN status::errdom
+0 -∞ status::sing
-0 -∞ status::sing
-∞ QNAN status::errdom
+∞ +∞
QNAN QNAN
SNAN QNAN
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RE(a)
i·IM(a)

−∞ −X −0 +0 +X +∞ NAN

+i · ∞ +∞ +
i · 3π4

+∞ +
i · π2

+∞ +
i · π2

+∞ +
i · π2

+∞ +
i · π2

+∞ +
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+∞+ i·QNAN

+i · Y +∞ −
i · π

+∞ +
i · 0

QNAN +
i·QNAN

+i · 0 +∞ −
i · π

+∞ +
i · π

−∞ −
i · 0

+∞ +
i · 0

QNAN +
i·QNAN

−i · 0 +∞ −
i · π

−∞ +
i · π

−∞ −
i · 0

+∞ −
i · 0

QNAN +
i·QNAN

−i · Y +∞ −
i · π

+∞ −
i · 0

QNAN +
i·QNAN

−i · ∞ +∞ −
i · 3π4

+∞ −
i · π2

+∞ −
i · π2

+∞ −
i · π2

+∞ −
i · π2

+∞ −
i · π4

+∞+ i·QNAN

+i·NAN +∞ +
i·QNAN

QNAN+
i·QNAN

QNAN+
i·QNAN

QNAN+
i·QNAN

QNAN+
i·QNAN

+∞ +
i·QNAN

QNAN +
i·QNAN

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event ln(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event ln(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI
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namespace oneapi::mkl::vm {

sycl::event ln(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event ln(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

ln supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

718



Intel® oneAPIMath Kernel Library

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event..

Examples

An example of how to use ln can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vln.cpp

log2

Computes the element-wise base-2 logarithm of vector elements.
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• Description

• API

• Examples

Description

The log2(a) function computes the base 2 logarithm of vector elements.

Argument Result Error Code
+1 +0
a < +0 QNAN status::errdom
+0 -∞ status::sing
-0 -∞ status::sing
-∞ QNAN status::errdom
+∞ +∞
QNAN QNAN
SNAN QNAN

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event log2(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event log2(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,

(continues on next page)
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(continued from previous page)

oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event log2(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event log2(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

log2 supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.
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sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event..

Examples

An example of how to use log2 can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vlog2.cpp
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log10

Computes the element-wise base-10 logarithm of vector elements.

• Description

• API

• Examples

Description

The log10(a) function computes the base 10 logarithm of vector elements.

Argument Result Error Code
+1 +0
a <+0 QNAN status::errdom
+0 −∞ status::sing
-0 −∞ status::sing
−∞ QNAN status::errdom
+∞ +∞
QNAN QNAN
SNAN QNAN

RE(a)
i·IM(a)

−∞ −X −0 +0 +X +∞ NAN

+i · ∞ +∞ +
i34

π
ln(10)

+∞ +
iπ2

1
ln(10)

+∞ +
iπ2

1
ln(10)

+∞ +
iπ2

1
ln(10)

+∞ +
iπ2

1
ln(10)

+∞ +
iπ4

1
ln(10)

+∞ +
i·QNAN

+i · Y +∞ +
i π
ln(10)

+∞+ i · 0 QNAN +
i·QNAN

+i · 0 +∞ +
i π
ln(10)

−∞ +
i π
ln(10)

−∞+ i · 0 +∞+ i · 0 QNAN +
i·QNAN

−i · 0 +∞ −
i π
ln(10)

−∞ −
i π
ln(10)

−∞− i · 0 +∞− i · 0 QNAN −
i·QNAN

−i · Y +∞ −
i π
ln(10)

+∞− i · 0 QNAN +
i·QNAN

−i · ∞ +∞ +
i34

π
ln(10)

+∞ −
iπ2

1
ln(10)

+∞ −
iπ2

1
ln(10)

+∞ −
iπ2

1
ln(10)

+∞ −
iπ2

1
ln(10)

+∞ −
iπ4

1
ln(10)

+∞ +
i·QNAN

+i·NAN +∞ +
i·QNAN

QNAN +
i·QNAN

QNAN +
i·QNAN

QNAN +
i·QNAN

QNAN +
i·QNAN

+∞ +
i·QNAN

QNAN +
i·QNAN
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event log10(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event log10(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event log10(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event log10(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},

(continues on next page)

724



Intel® oneAPIMath Kernel Library

(continued from previous page)

oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

log10 supports the following precisions and devices:

T Devices supported
float CPUandGPU
double CPUandGPU
std::complex<float> CPUandGPU
std::complex<double> CPUandGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use log10 can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vlog10.cpp

log1p

Computes the element-wise natural logarithm of 1 plus vector elements.

• Description

• API

• Examples

Description

The log1p(a) function computes a natural logarithm of vector elements that are increased by 1.

Argument Result VM Error Status
-1 -∞ status::sing
a <-1 QNAN status::errdom
+0 +0
-0 -0
-∞ QNAN status::errdom
+∞ +∞
QNAN QNAN
SNAN QNAN
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event log1p(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event log1p(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event log1p(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event log1p(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},

(continues on next page)

727



Intel® oneAPIMath Kernel Library

(continued from previous page)

oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

log1p supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use log1p can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vlog1p.cpp

logb

Computes the element-wise exponents of vector elements.

• Description

• API

• Examples

Description

The logb(a) function computes the exponents of the elements of the input vector a. For each element ai of
vectora, this is the integralpartof log2|ai|. Thereturnedvalue isexactand is independentof thecurrent rounding
directionmode.

Argument Result VM Error Status
+0 +∞ status::errdom
-0 -∞ status::errdom
-∞ +∞
+∞ +∞
QNAN QNAN
SNAN QNAN
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event logb(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event logb(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event logb(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event logb(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},

(continues on next page)
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(continued from previous page)

oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

logb supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use logb can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vlogb.cpp

12.2.4 Trigonometric Functions

cos

Computes the element-wise cosine of vector elements.

• Description

• API

• Examples

Description

The cos(a) function computes cosine of vector elements.

Note that arguments abs(a[i]) ≤ 213 and abs(a[i]) ≤ 216 for single and double precisions, respectively,
are called fast computational path. These are trigonometric function arguments forwhichVMprovides thebest
possible performance. Avoid arguments that do not belong to the fast computational path in the VMHigh Ac-
curacy (HA) and Low Accuracy (LA) functions. Alternatively, you can use VM Enhanced Performance (EP)
functions that are fast on the entire function domain. However, these functions provide less accuracy.
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Argument Result VM Error Status
+0 +1
-0 +1
+∞ QNAN status::errdom
-∞ QNAN status::errdom
QNAN QNAN
SNAN QNAN

Specifications for special values of the complex functions are defined according to the following formula

Cos(z) = Cosh(i*z).

Product and Performance Information
Performance varies by use, configuration and other factors. Learn more at https://www.intel.com/
PerformanceIndex. Notice revision #20201201

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event cos(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event cos(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI
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namespace oneapi::mkl::vm {

sycl::event cos(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event cos(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

cos supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use cos can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vcos.cpp

sin

Computes the element-wise sine of vector elements.

• Description

• API

• Examples

735



Intel® oneAPIMath Kernel Library

Description

The sin(a) function computes sine of vector elements.

Note that arguments abs(a[i]) ≤ 213 and abs(a[i]) ≤ 216 for single and double precisions respectively
are called fast computational path. These are trigonometric function arguments forwhichVMprovides thebest
possible performance. Avoid arguments that do not belong to the fast computational path in the VMHigh Ac-
curacy (HA) and Low Accuracy (LA) functions. Alternatively, you can use VM Enhanced Performance (EP)
functions that are fast on the entire function domain. However, these functions provide less accuracy.

Argument Result VM Error Status
+0 +0
-0 -0
+∞ QNAN status::errdom
-∞ QNAN status::errdom
QNAN QNAN
SNAN QNAN

Specifications for special values of the complex functions are defined according to the following formula:

Sin(z) = -i*Sinh(i*z).

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event sin(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event sin(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,

(continues on next page)
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oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event sin(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event sin(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

sin supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.
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sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event

Examples

An example of how to use sin can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vsin.cpp
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sincos

Computes the element-wise sine and cosine of vector elements.

• Description

• API

• Examples

Description

The sincos(a) function computes sine and cosine of vector elements.

Note thatargumentsabs(a[i]) ≤ 213andabs(a[i]) ≤ 216for singleanddoubleprecisions respectivelyare
called fast computational path. These are trigonometric function arguments for which VM provides the best
possible performance. Avoid arguments that do not belong to the fast computational path in the VMHigh Ac-
curacy (HA) and Low Accuracy (LA) functions. Alternatively, you can use VM Enhanced Performance (EP)
functions that are fast on the entire function domain. However, these functions provide less accuracy.

Argument Result 1 Result 2 Error Code
+0 +0 +1
-0 -0 +1
+∞ QNAN QNAN status::errdom
-∞ QNAN QNAN status::errdom
QNAN QNAN QNAN
SNAN QNAN QNAN

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event sincos(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
sycl::buffer<T> & z,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}
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namespace oneapi::mkl::vm {

sycl::event sincos(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
sycl::buffer<T> & z,
oneapi::mkl::slice sz,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event sincos(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
T * z,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event sincos(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
T * z,
oneapi::mkl::slice sz,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

sincos supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

740



Intel® oneAPIMath Kernel Library

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

sz Slice selector for z. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

sz Slice selector for z. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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OutputParameters

BufferAPI

y The buffer containing the output sine vector.

z The buffer containing the output cosine vector.

returnvalue (event) Computation end event

USMAPI

y Pointer to the output sine vector.

z Pointer to the output cosine vector.

returnvalue (event) Computation end event

Examples

An example of how to use sincos can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vsincos.cpp

cis

Computes the element-wise complex exponential of vector elements.

• Description

• API

• Examples

Description

The cis(a) function computes complex exponent of real vector elements (cosine and sine of real vector ele-
ments combined to complex value).

Argument Result Error Code

• 0
+1+i·0

• 0
+1-i·0

+∞ QNAN+i·QNAN status::errdom
-∞ QNAN+i·QNAN status::errdom
QNAN QNAN+i·QNAN
SNAN QNAN+i·QNAN
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event cis(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event cis(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event cis(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event cis(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},

(continues on next page)
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oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

cis supports the following precisions and devices:

T R Devices supported
float std::complex<float> CPU andGPU
double std::complex<double> CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a

The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use cis can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vcis.cpp

tan

Computes the element-wise tangent of vector elements.

• Description

• API

• Examples

Description

The tan(a) function computes tangent of vector elements.

Note that arguments abs(a[i]) ≤ 213 and abs(a[i]) ≤ 216 for single and double precisions respectively
are called fast computational path. These are trigonometric function arguments forwhichVMprovides thebest
possible performance. Avoid arguments that do not belong to the fast computational path in the VMHigh Ac-
curacy (HA) and Low Accuracy (LA) functions. Alternatively, you can use VM Enhanced Performance (EP)
functions that are fast on the entire function domain. However, these functions provide less accuracy.

Argument Result Error Code
+0 +0
-0 -0
+∞ QNAN status::errdom
-∞ QNAN status::errdom
QNAN QNAN
SNAN QNAN
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Specifications for special values of the complex functions are defined according to the following formula:

Tan(z) = -i*Tanh(i*z)

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event tan(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event tan(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event tan(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event tan(sycl::queue & exec_queue,
(continues on next page)
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T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

tan supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.
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mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event

Examples

An example of how to use tan can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vtan.cpp

acos

Computes the element-wise arccosine of vector elements.

• Description

• API

• Examples

Description

The acos(a) function computes inverse cosine of vector elements.
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Argument Result Error Code
+0 +π/2
-0 +π/2
+1 +0
-1 +π
|a| > 1 QNAN status::errdom
+∞ QNAN status::errdom
-∞ QNAN status::errdom
QNAN QNAN
SNAN QNAN

RE(a)
i·IM(a)

−∞ -X -0 +0 +X +∞ NAN

+i·∞ +3·π/4-
i·∞

+π/2-i·∞ +π/2-i·∞ +π/2-i·∞ +π/2-i·∞ +π/4-i·∞ QNAN-
i·∞

+i·Y +π-i·∞ +0-i·∞ QNAN +
i·QNAN

+i·0 +π-i·∞ +π/2-i·0 +π/2-i·0 +0-i·∞ QNAN +
i·QNAN

-i·0 +π+i·∞ +π/2+i·0 +π/2+i·0 +0+i·infty QNAN +
i·QNAN

-i·Y +π+i·∞ +0+i·∞ QNAN +
i·QNAN

-i·∞ +3π/4+i·∞ +π/2+i·∞ +π/2+i·∞ +π/2+i·∞ +π/2+i·∞ +π/4+i·∞ QNAN +
i·∞

+i·NAN QNAN +
i·∞

QNAN +
i·QNAN

+π/2 +
i·QNAN

+π/2 +
i·QNAN

QNAN +
i·QNAN

QNAN +
i·∞

QNAN +
i·QNAN

Note: acos(CONJ(a))=CONJ(acos(a)).

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event acos(sycl::queue & exec_queue,
std::int64_t n,

(continues on next page)
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sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event acos(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event acos(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event acos(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

acos supports the following precisions and devices:
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T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use acos can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vacos.cpp

asin

Computes the element-wise arcsine of vector elements.

• Description

• API

• Examples

Description

The asin(a) function computes inverse sine of vector elements.

Argument Result Error Code
+0 +0
-0 -0
+1 +π/2
-1 -π/2
|a| > 1 QNAN status::errdom
+∞ QNAN status::errdom
-∞ QNAN status::errdom
QNAN QNAN
SNAN QNAN

Specifications for special values of the complex functions are defined according to the following formula:

asin(a) = -i*asinh(i*z).
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event asin(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event asin(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event asin(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event asin(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},

(continues on next page)
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oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

asin supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use asin can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vasin.cpp

atan

Computes the element-wise arctangent of vector elements in [-pi/2, pi/2].

• Description

• API

• Examples

Description

The atan(a) function computes inverse tangent of vector elements.

Argument Result Error Code
+0 +0
-0 -0
+∞ +π/2
-∞ -π/2
QNAN QNAN
SNAN QNAN

The atan function does not generate any errors.

Specifications for special values of the complex functions are defined according to the following formula

atan(a) = -i*atanh(i*a).
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event atan(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event atan(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event atan(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event atan(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}
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atan supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.
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Examples

An example of how to use atan can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vatan.cpp

atan2

Computes the element-wise four-quadrant arctangent of vector a elements divided by vector b elements.

• Description

• API

• Examples

Description

The atan2(a,b) function computes four-quadrant inverse tangent of elements of two vectors.

The elements of the output vector y are computed as the four-quadrant arctangent of a[i] / b[i].

Argument 1 Argument 2 Result Error Code
-∞ -∞ −3 π/4
-∞ b < +0 -π/2
-∞ -0 -π/2
-∞ +0 -π/2
-∞ b > +0 -π/2
-∞ +∞ -π/4
a < +0 -∞ -π
a < +0 -0 -π/2
a < +0 +0 -π/2
a < +0 +∞ -0
-0 -∞ -π
-0 b < +0 -π
-0 -0 -π
-0 +0 -0
-0 b > +0 -0
-0 +∞ -0
+0 -∞ +π
+0 b < +0 +π
+0 -0 +π
+0 +0 +0

continues on next page
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Table 15 – continued from previous page
Argument 1 Argument 2 Result Error Code
+0 b > +0 +0
+0 +∞ +0
a > +0 -∞ +π
a > +0 -0 +π/2
a > +0 +0 +π/2
a > +0 +∞ +0
+∞ -∞ +3*π/4
+∞ b < +0 +π/2
+∞ -0 +π/2
+∞ +0 +π/2
+∞ b > +0 +π/2
+∞ +∞ +π/4
a > +0 QNAN QNAN
a > +0 SNAN QNAN
QNAN b > +0 QNAN
SNAN b > +0 QNAN
QNAN QNAN QNAN
QNAN SNAN QNAN
SNAN QNAN QNAN
SNAN SNAN QNAN

The atan2(a,b) function does not generate any errors.

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event atan2(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & b,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event atan2(sycl::queue & exec_queue,
sycl::buffer<T> & a,

(continues on next page)
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(continued from previous page)

oneapi::mkl::slice sa,
sycl::buffer<T> & b,
oneapi::mkl::slice sb,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event atan2(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T const * b,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event atan2(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T const * b,
oneapi::mkl::slice sb,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

atan2 supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU
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Description

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b The buffer containing the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b Pointer to the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.
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Examples

An example of how to use atan2 can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vatan2.cpp

cospi

Computes the element-wise cosine of vector elementsmultiplied by pi.

• Description

• API

• Examples

Description

Thecospi(a) functioncomputes thecosineof vector elementsmultipliedbyπ. For anargumenta, the function
computes cos(π*a).

Argument Result Error Code
+0 +1
-0 +1
n + 0.5, for any integer nwhere n + 0.5 is representable +0
+∞ QNAN status::errdom
-∞ QNAN status::errdom
QNAN QNAN
SNAN QNAN

If arguments abs(ai) ≤ 222 for single precision or abs(ai ) ≤ 251 for double precision, they belong to the fast com-
putational path: arguments for which VM provides the best possible performance. Avoid arguments which
do not belong to the fast computational path in VMHigh Accuracy (HA) or LowAccuracy (LA) functions. For
arguments which do not belong to the fast computational path you can use VM Enhanced Performance (EP)
functions, which are fast on the entire function domain. However, these functions provide lower accuracy.

API

Syntax

BufferAPI
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namespace oneapi::mkl::vm {

sycl::event cospi(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event cospi(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event cospi(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event cospi(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

cospi supports the following precisions and devices:
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T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use cospi can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vcospi.cpp

sinpi

Computes the element-wise sine of vector elementsmultiplied by pi.

• Description

• API

• Examples

Description

The sinpi(a) function computes the sine of vector elements multiplied by π. For an argument a, the function
computes sin(π*a).

Argument Result Error Code
+0 +0
-0 -0
+n, positive integer +0
-n, negative integer -0
+∞ QNAN status::errdom
-∞ QNAN status::errdom
QNAN QNAN
SNAN QNAN
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If arguments abs(ai) ≤ 222 for single precision or abs(ai ) ≤ 251 for double precision, they belong to the fast com-
putational path: arguments for which VM provides the best possible performance. Avoid arguments which
do not belong to the fast computational path in VMHigh Accuracy (HA) or LowAccuracy (LA) functions. For
arguments which do not belong to the fast computational path you can use VM Enhanced Performance (EP)
functions, which are fast on the entire function domain. However, these functions provide lower accuracy.

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event sinpi(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event sinpi(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event sinpi(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}
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namespace oneapi::mkl::vm {

sycl::event sinpi(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

sinpi supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.
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depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event

Examples

An example of how to use sinpi can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vsinpi.cpp

tanpi

Computes the element-wise tangent of vector elementsmultiplied by pi.

• Description

• API

• Examples
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Description

The tanpi(a) function computes the tangent of vector elements multiplied by π. For an argument a, the func-
tion computes tan(π*a).

Argument Result Error Code
+0 +0
-0 +0
n, even integer *copysign(0.0, n)
n, odd integer *copysign(0.0, -n)
n + 0.5, for n even integer and n + 0.5 representable +∞
n + 0.5, for n odd integer and n + 0.5 representable -∞
+∞ QNAN status::errdom
-∞ QNAN status::errdom
QNAN QNAN
SNAN QNAN

The copysign(``x, y)“ function returns the first vector argument xwith the sign changed to match that of the
second argument y.

If arguments abs(ai) ≤ 2 13 for single precision or abs(ai ) ≤ 2 67 for double precision, they belong to the fast com-
putational path: arguments for which VM provides the best possible performance. Avoid arguments with do
not belong to the fast computational path in VM High Accuracy (HA) or Low Accuracy (LA) functions. For
arguments which do not belong to the fast computational path you can use VM Enhanced Performance (EP)
functions, which are fast on the entire function domain. However, these functions provide lower accuracy.

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event tanpi(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}
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namespace oneapi::mkl::vm {

sycl::event tanpi(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event tanpi(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event tanpi(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

tanpi supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU
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InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event

771



Intel® oneAPIMath Kernel Library

Examples

An example of how to use tanpi can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vtanpi.cpp

acospi

Computes the element-wise arc cosine of vector elements, divided by pi.

• Description

• API

• Examples

Description

The acospi(a) function computes the inverse cosine of vector elements divided by π. For an argument a, the
function computes acos(a)/π.

Argument Result Error Code
+0 +1/2
-0 +1/2
+1 +0
-1 +1
|a| > 1 QNAN status::errdom
+∞ QNAN status::errdom
-∞ QNAN status::errdom
QNAN QNAN
SNAN QNAN

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event acospi(sycl::queue & exec_queue,
std::int64_t n,

(continues on next page)
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(continued from previous page)

sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event acospi(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event acospi(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event acospi(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

acospi supports the following precisions and devices:
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T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer y to the output vector of size n.

returnvalue (event) Computation end event.

Examples

An example of how to use acospi can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vacospi.cpp

asinpi

Computes the element-wise arcsine of vector elements, divided by pi.

• Description

• API

• Examples

Description

The asinpi(a) function computes the inverse sine of vector elements divided by π. For an argument a, the
function computes asinpi(a)/π.

Argument Result Error Code
+0 +0
-0 -0
+1 +1/2
-1 -1/2
|a| > 1 QNAN status::errdom
+∞ QNAN status::errdom
-∞ QNAN status::errdom
QNAN QNAN
SNAN QNAN
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event asinpi(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event asinpi(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event asinpi(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event asinpi(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},

(continues on next page)
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(continued from previous page)

oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

asinpi supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use asinpi can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vasinpi.cpp

atanpi

Computes the element-wise arctangent of vector elements, divided by pi.

• Description

• API

• Examples

Description

The atanpi(a) function computes the inverse tangent of vector elements divided byπ. For an argument a, the
function computes atan(a)/π.

Argument Result Error Code
+0 +0
-0 -0
+∞ +1/2
-∞ -1/2
QNAN QNAN
SNAN QNAN

The atanpi function does not generate any errors.
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event atanpi(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event atanpi(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event atanpi(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event atanpi(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}
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atanpi supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.
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Examples

An example of how to use atanpi can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vatanpi.cpp

atan2pi

Computes the element-wise four-quadrant arctangent of vector a elements divided by vector b elements, di-
vided by pi.

• Description

• API

• Examples

Description

The atan2pi(a,b) function computes the four-quadrant inverse tangent of the ratios of the corresponding el-
ements of two vectors divided by∞.

For the elements of the output vector y, the function computers the four-quadrant arctangent of ai/bi, with the
result divided by∞.

Argument 1 Argument 2 Result Error Code
-∞ -∞ -3/4
-∞ b < +0 -1/2
-∞ -0 +1/2
-∞ +0 -1/2
-∞ x > +0 -1/2
-∞ +∞ -1/4
a < +0 -∞ -1
a < +0 -0 -1/2
a < +0 +0 -1/2
a < +0 +∞ -0
-0 -∞ -1
-0 b < +0 -1
-0 -0 -1
-0 +0 -0
-0 b > +0 -0
-0 +∞ -0
+0 -∞ +1
+0 b < +0 +1

continues on next page
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Table 17 – continued from previous page
Argument 1 Argument 2 Result Error Code
+0 -0 +1
+0 +0 +0
+0 b > +0 +0
+0 +∞ +0
a > +0 -∞ +1
a > +0 -0 +1/2
x > +0 +0 +1/2
a > +0 +∞ +1/4
+∞ -∞ +3/4
+∞ b < +0 +1/2
+∞ -0 +1/2
+∞ +0 +1/2
+∞ b > +0 +1/2
+∞ +∞ +1/4
a > +0 QNAN QNAN
a > +0 SNAN QNAN
QNAN b > +0 QNAN
SNAN x > +0 QNAN
QNAN QNAN QNAN
QNAN SNAN QNAN
SNAN QNAN QNAN
SNAN SNAN QNAN

The atan2pi(a,b) function does not generate any errors.

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event atan2pi(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & b,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}
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namespace oneapi::mkl::vm {

sycl::event atan2pi(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & b,
oneapi::mkl::slice sb,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event atan2pi(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T const * b,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event atan2pi(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T const * b,
oneapi::mkl::slice sb,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

atan2pi supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU
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InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b The buffer containing the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b Pointer to the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.
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Examples

An example of how to use atan2pi can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vatan2pi.cpp

cosd

Computes the element-wise cosine of vector elements expressed in degrees.

• Description

• API

• Examples

Description

The cosd(a) function is a degree argument trigonometric function. It computes the cosine of vector elements
multiplied by π/180. For an argument a, the function computes cos(π*a/180).

Note thatargumentsabs(ai) ≤224 forsingleprecisionorabs(ai ) ≤252 fordoubleprecision, theybelongto the fast
computational path: trigonometric function arguments for which VMprovides the best possible performance.
Avoidargumentswithdonotbelong to the fast computational path inVMHighAccuracy (HA)orLowAccuracy
(LA) functions. For arguments which do not belong to the fast computational path you can use VMEnhanced
Performance (EP) functions, which are fast on the entire function domain. However, these functions provide
lower accuracy.

Argument Result Error Code
+0 +1
-0 +1
+∞ QNAN status::errdom
-∞ QNAN status::errdom
QNAN QNAN
SNAN QNAN

API

Syntax

BufferAPI
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namespace oneapi::mkl::vm {

sycl::event cosd(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event cosd(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event cosd(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event cosd(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

cosd supports the following precisions and devices:
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T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use cosd can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vcosd.cpp

sind

Computes the element-wise sine of vector elements expressed in degrees.

• Description

• API

• Examples

Description

The sind(a) function is a degree argument trigonometric function. It computes the sine of vector elements
multiplied by π/180. For an argument a, the function computes sin(π*a/180).

Note thatargumentsabs(ai) ≤224 forsingleprecisionorabs(ai ) ≤252 fordoubleprecision, theybelongto the fast
computational path: trigonometric function arguments for which VMprovides the best possible performance.
Avoidargumentswithdonotbelong to the fast computational path inVMHighAccuracy (HA)orLowAccuracy
(LA) functions. For arguments which do not belong to the fast computational path you can use VMEnhanced
Performance (EP) functions, which are fast on the entire function domain. However, these functions provide
lower accuracy.

Argument Result Error Code
+0 +0
-0 -0
+∞ QNAN status::errdom
-∞ QNAN status::errdom
QNAN QNAN
SNAN QNAN
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event sind(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event sind(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event sind(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event sind(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},

(continues on next page)
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(continued from previous page)

oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

sind supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event

Examples

An example of how to use sind can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vsind.cpp

tand

Computes the element-wise tangent of vector elements expressed in degrees.

• Description

• API

• Examples

Description

The tand(a) function computes the tangent of vector elements multiplied by π/180. For an argument x, the
function computes tan(π*x/180).

Note thatargumentsabs(ai) ≤238 forsingleprecisionorabs(ai ) ≤267 fordoubleprecision, theybelongto the fast
computational path: trigonometric function arguments for which VMprovides the best possible performance.
Avoidargumentswithdonotbelong to the fast computational path inVMHighAccuracy (HA)orLowAccuracy
(LA) functions. For arguments which do not belong to the fast computational path you can use VMEnhanced
Performance (EP) functions, which are fast on the entire function domain. However, these functions provide
lower accuracy.

Argument Result Error Code
+0 +1
-0 +1
±∞ QNAN status::errdom
±∞ QNAN status::errdom
QNAN QNAN
SNAN QNAN
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event tand(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event tand(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event tand(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event tand(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},

(continues on next page)
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(continued from previous page)

oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

tand supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

793



Intel® oneAPIMath Kernel Library

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event

Examples

An example of how to use tand can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vtand.cpp

12.2.5 Hyperbolic Functions

cosh

Computes the element-wise hyperbolic cosine of vector elements.

• Description

• API

• Examples

Description

The cosh(a) function computes hyperbolic cosine of vector elements.

Data Type Threshold Limitations on Input Parameters
single precision -Log(FLT_MAX)-Log2 <a[i] < Log(FLT_MAX)+Log2
double precision -Log(DBL_MAX)-Log2 <a[i] < Log(DBL_MAX)+Log2
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Argument Result Error Code
+0 +1
-0 +1
X > overflow +∞ status::overflow
X < -overflow +∞ status::overflow
+∞ +∞
−∞ +∞
QNAN QNAN
SNAN QNAN

+i·∞ +∞ +
i·QNAN

QNAN +
i·QNAN

QNAN −
i·0

QNAN +
i·0

QNAN +
i·QNAN

+∞ +
i·QNAN

QNAN +
i·QNAN

+i·Y +∞·Cos(Y)-

i·∞·Sin(Y)

+∞·CIS(Y ) QNAN +
i·QNAN

+i·0 +∞− i·0 +1− i·0 +1 + i·0 +∞+ i·0 QNAN +
i·0

−i·0 +∞+ i·0 +1 + i·0 +1− i·0 +∞− i·0 QNAN −
i·0

−i·Y +∞·Cos(Y)-

i·∞·Sin(Y)

+∞·CIS(Y ) QNAN +
i·QNAN

−i·∞ +∞ +
i·QNAN

QNAN +
i·QNAN

QNAN +
i·0

QNAN −
i·0

QNAN +
i·QNAN

+∞ +
i·QNAN

QNAN +
i·QNAN

+i·NAN +∞ +
i·QNAN

QNAN +
i·QNAN

QNAN +
i·QNAN

QNAN −
i·QNAN

QNAN +
i·QNAN

+∞ +
i·QNAN

QNAN +
i·QNAN

Note:

• The complex cosh(a) function sets theVMError Status to status::overflow in the case of overflow, that is,
whenRE(a), IM(a) are finite non-zero numbers, but the real or imaginary part of the exact result is so large
that it does notmeet the target precision.

• cosh(CONJ(a))=CONJ(cosh(a))

• cosh(-a)=cosh(a).
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event cosh(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event cosh(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event cosh(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event cosh(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},

(continues on next page)
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(continued from previous page)

oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

cosh supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use cosh can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vcosh.cpp

sinh

Computes the element-wise hyperbolic sine of vector elements.

• Description

• API

• Examples

Description

The sinh(a) function computes hyperbolic sine of vector elements.

Data Type Threshold Limitations on Input Parameters
single precision -Log(FLT_MAX)-Log(2) <a[i] < Log(FLT_MAX)+Log(2)
double precision -Log(DBL_MAX)-Log(2) <a[i] < Log(DBL_MAX)+Log(2)

Argument Result Error Code
+0 +0
-0 -0
a > overflow +∞ status::overflow
a < -overflow -∞ status::overflow
+∞ +∞
-∞ -∞
QNAN QNAN
SNAN QNAN
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+i·∞ −∞ +
i·QNAN

QNAN +
i·QNAN

−0 +
i·QNAN

+0 +
i·QNAN

QNAN +
i·QNAN

+∞ +
i·QNAN

QNAN +
i·QNAN

+i·Y −∞·Cos(Y)+
i·∞·Sin(Y)

+∞·CIS(Y ) QNAN +
i·QNAN

+i·0 −∞+ i·0 −0 + i·0 +0 + i·0 +∞+ i·0 QNAN +
i·0

−i·0 −∞− i·0 −0− i·0 +0− i·0 +∞− i·0 QNAN −
i·0

−i·Y −∞·Cos(Y)+
i· infty
·Sin(Y)‘

+∞·CIS(Y ) QNAN +
i·QNAN

−i·∞ −∞ +
i·QNAN

QNAN +
i·QNAN

−0 +
i·QNAN

+0 +
i·QNAN

QNAN +
i·QNAN

+∞ +
i·QNAN

QNAN +
i·QNAN

+i·NAN −∞ +
i·QNAN

QNAN +
i·QNAN

−0 +
i·QNAN

+0 +
i·QNAN

QNAN +
i·QNAN

+∞ +
i·QNAN

QNAN +
i·QNAN

Note:

• The complex sinh(a) function sets the VM Error Status to status::overflow in the case of overflow,
that is, when RE(a), IM(a) are finite non-zero numbers, but the real or imaginary part of the exact result is
so large that it does notmeet the target precision.

• sinh(CONJ(a))=CONJ(sinh(a))

• sinh(-a)=-sinh(a).

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event sinh(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}
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namespace oneapi::mkl::vm {

sycl::event sinh(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event sinh(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event sinh(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

sinh supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU
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InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.
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Examples

An example of how to use sinh can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vsinh.cpp

tanh

Computes the element-wise hyperbolic tangent of vector elements.

• Description

• API

• Examples

Description

The tanh(a) function computes hyperbolic tangent of vector elements.

Argument Result Erro Code
+0 +0
-0 -0
+∞ +1
−∞ -1
QNAN QNAN
SNAN QNAN

+i·∞ −1 + i·0 QNAN +
i·QNAN

QNAN +
i·QNAN

QNAN +
i·QNAN

QNAN +
i·QNAN

+1 + i·0 QNAN +
i·QNAN

+i·Y −1 +
i·0·Tan(Y )

+1 +
i·0·Tan(Y )

QNAN +
i·QNAN

+i·0 −1 + i·0 −0 + i·0 +0 + i·0 +1 + i·0 QNAN +
i·0

−i·0 −1− i·0 −0− i·0 +0− i·0 +1− i·0 QNAN −
i·0

−i·Y −1 +
i·0·Tan(Y )

+1 +
i·0·Tan(Y )

QNAN +
i·QNAN

−i·∞ −1− i·0 QNAN +
i·QNAN

QNAN +
i·QNAN

QNAN +
i·QNAN

QNAN +
i·QNAN

+1− i·0 QNAN +
i·QNAN

+i·NAN −1 + i·0 QNAN +
i·QNAN

QNAN +
i·QNAN

QNAN +
i·QNAN

QNAN +
i·QNAN

+1 + i·0 QNAN +
i·QNAN
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Note:

• tanh(CONJ(a))=CONJ(tanh(a))

• tanh(-a)=-tanh(a).

The tanh(a) function does not generate any errors.

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event tanh(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event tanh(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy, oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event tanh(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}
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namespace oneapi::mkl::vm {

sycl::event tanh(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

tanh supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use tanh can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vtanh.cpp

acosh

Computes the element-wise inverse hyperbolic cosine of vector elements.

• Description

• API

• Examples

Description

The acosh(a) function computes inverse hyperbolic cosine (nonnegative) of vector elements.

Argument Result Error Code
+1 +0
a < +1 QNAN status::errdom
−∞ QNAN status::errdom
+∞ +∞
QNAN QNAN
SNAN QNAN
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RE(a)
i·IM(a)

−∞ −X −0 +0 +X +∞ NAN

+i · ∞ +∞+i· 3π4 +∞+ i · π2 +∞+ i · π2 +∞+ i · π2 +∞+ i · π2 +∞+ i · π4 +∞ +
i·QNAN

+i · Y +∞+ i ·π +∞+ i · 0 QNAN +
i·QNAN

+i · 0 +∞+ i ·π +0 + i · π2 +0 + i · π2 +∞+ i · 0 QNAN +
i·QNAN

−i · 0 +∞+ i ·π +0 + i · π2 +0 + i · π2 +∞+ i · 0 QNAN +
i·QNAN

−i · Y +∞+ i ·π +∞+ i · 0 QNAN +
i·QNAN

−i · ∞ +∞−i· 3π4 +∞− i · π2 +∞− i · π2 +∞− i · π2 +∞− i · π2 +∞− i · π4 +∞ +
i·QNAN

+i·NAN +∞ +
i·QNAN

QNAN +
i·QNAN

QNAN +
i·QNAN

QNAN +
i·QNAN

QNAN +
i·QNAN

+∞ +
i·QNAN

QNAN +
i·QNAN

Note: acosh(CONJ(a))=CONJ(acosh(a)).

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event acosh(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event acosh(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,

(continues on next page)
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(continued from previous page)

oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event acosh(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event acosh(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

acosh supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

807



Intel® oneAPIMath Kernel Library

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use acosh can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vacosh.cpp
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asinh

Computes the element-wise inverse hyperbolic sine of vector elements.

• Description

• API

• Examples

Description

The asinh(a) function computes inverse hyperbolic sine of vector elements.

Argument Result Error Code
+0 +0
-0 -0
+∞ +∞
−∞ −∞
QNAN QNAN
SNAN QNAN

RE(a)
i·IM(a)

−∞ -X -0 +0 +X +∞ NAN

+i·∞ −∞ −∞ +∞ +∞ +∞ +∞ +∞ +
i·QNAN

+i·Y −∞+ i·0 +∞+ i·0 QNAN +
i·QNAN

+i·0 +∞+ i·0 +0 + i·0 +0 + i·0 +∞+ i·0 QNAN +
i·QNAN

−i·0 −∞− i·0 −0− i·0 +0− i·0 +∞− i·0 QNAN −
i·QNAN

−i·Y −∞− i·0 +∞− i·0 QNAN +
i·QNAN

−i·∞ −∞-i· pi
/4‘

−∞-i· pi
/2‘

−∞-i· pi
/2‘

+∞-i· pi
/2‘

+∞-i· pi
/2‘

+∞-i· pi
/4‘

+∞ +
i·QNAN

+i·NAN −∞ +
i·QNAN

QNAN +
i·QNAN

QNAN +
i·QNAN

QNAN +
i·QNAN

QNAN +
i·QNAN

+∞ +
i·QNAN

QNAN +
i·QNAN

The asinh(a) function does not generate any errors.

Note:
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• asinh(CONJ(a))=CONJ(asinh(a))

• asinh(-a)=-asinh(a).

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event asinh(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event asinh(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event asinh(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event asinh(sycl::queue & exec_queue,
T const * a,

(continues on next page)
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(continued from previous page)

oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

asinh supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

811



Intel® oneAPIMath Kernel Library

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use asinh can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vasinh.cpp

atanh

Computes the element-wise inverse hyperbolic tangent of vector elements.

• Description

• API

• Examples

Description

The atanh(a) function computes inverse hyperbolic tangent of vector elements.

Argument Result Error Code
+1 +∞ status::sing
-1 −∞ status::sing
|a| > 1 QNAN status::errdom
−∞ QNAN status::errdom
+∞ +∞ status::errdom
QNAN QNAN
SNAN QNAN
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RE(a)
i·IM(a)

−∞ -X -0 +0 +X +∞ NAN

+i·∞ −0+i·π/2 −0+i·π/2 −0+i·π/2 +0+i·π/2 +0+i·π/2 +0+i·π/2 +0+i·π/2
+i·Y −0+i·π/2 +0+i·π/2 QNAN +

i·QNAN

+i·0 −0+i·π/2 −0 + i·0 +0 + i·0 +0+i·π/2 QNAN +
i·QNAN

−i·0 −0−i·π/2 −0− i·0 +0− i·0 +0−i·π/2 QNAN −
i·QNAN

−i·Y −0−i·π/2 +0−i·π/2 QNAN +
i·QNAN

−i·∞ −0−i·π/2 −0−i·π/2 −0−i·π/2 +0−i·π/2 +0−i·π/2 +0−i·π/2 +0−i·π/2
+i·NAN −0 +

i·QNAN
QNAN +
i·QNAN

−0 +
i·QNAN

+0 +
i·QNAN

QNAN +
i·QNAN

+0 +
i·QNAN

QNAN +
i·QNAN

Note:

• atanh(±1±i*0)=±:math:`\infty`±i*0, and status::sing error is generated

• atanh(CONJ(a))=CONJ(atanh(a))

• atanh(-a)=-atanh(a).

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event atanh(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event atanh(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,

(continues on next page)
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(continued from previous page)

oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event atanh(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event atanh(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

atanh supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.
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sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use atanh can be found in the oneMKL installation directory, under:
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examples/dpcpp/vml/source/vatanh.cpp

12.2.6 Special Functions

erf

Computes the element-wise error function of vector elements.

• Description

• API

• Examples

Description

The erf function computes the error function values for elements of the input vector a and writes them to the
output vector y.

The error function is defined as given by:

erf(x) =
2√
π

∫ x

0
e−t2dt

Useful relations:

erfc(x) = 1− erf(x)

where erfc is the complementary error function.

Φ(x) =
1

2
erf(

x√
2
)

where

Φ(x) = − 1√
2π

∫ x

0
exp(−fract22)dt

is the cumulative normal distribution function.

Φ−1(x) =
√
2erf−1(2x− 1)

where ϕ− 1(x) and erf-1(x) are the inverses to ϕ(x) and erf(x), respectively.

The following figure illustrates the relationships among erf family functions (erf, erfc, cdfnorm).
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Fig. 2: erf Family Functions Relationship

Useful relations for these functions:

erf(x) + erfc = 1

cdfnorm(x) =
1

2
(1 + erf(

x√
2
)) = 1− frac12erfc(

x√
2
)

Argument Result Error Code
+∞ +1
-∞ -1
QNAN QNAN
SNAN QNAN
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event erf(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event erf(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event erf(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event erf(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}
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erf supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.
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Examples

An example of how to use erf can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/verf.cpp

erfc

Computes the element-wise complementary error function of vector elements.

• Description

• API

• Examples

Description

The erfc function computes the complementary error function values for elements of the input vector a and
writes them to the output vector y.

The complementary error function is defined as follows:

erfc(x) =
2√
π

∫ ∞

x
e−t2dt

Useful relations:

erfc(x) = 1− erf(x)

Φ(x) =
1

2
erf(

x√
2
)

where

Φ(x) = − 1√
2π

∫ x

0
exp(−fract22)dt

is the cumulative normal distribution function.

Φ−1(x) =
√
2erf−1(2x− 1)

where ϕ− 1(x) and erf-1(x) are the inverses to ϕ(x) and erf(x), respectively.

The following figure illustrates the relationships among erf family functions (erf, erfc, cdfnorm).
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Fig. 3: erfc Family Functions Relationship

Useful relations for these functions:

erf(x) + erfc = 1

cdfnorm(x) =
1

2
(1 + erf(

x√
2
)) = 1− frac12erfc(

x√
2
)

Argument Result Error Code
a > underflow +0 status::underflow
+∞ +0
-∞ +2
QNAN QNAN
SNAN QNAN
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event erfc(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event erfc(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event erfc(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event erfc(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},

(continues on next page)
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(continued from previous page)

oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

erfc supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handlingmode for this function call. See the ref:create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use erfc can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/verfc.cpp

cdfnorm

Computes the element-wise cumulative normal distribution function of vector elements.

• Description

• API

• Examples

Description

The cdfnorm function computes the cumulative normal distribution function values for elements of the input
vector a andwrites them to the output vector y.

The cumulative normal distribution function is defined as given by:

CdfNorm(x) =
1√
2π

∫ x

−∞
e−t2dt

Useful relations:

cdfnorm(x) =
1

2
(1 + erf(

x√
2
)) = 1− frac12erfc(

x√
2
)

where erf and erfc are the error and complementary error functions.

The following figure illustrates the relationships among erf family functions (erf, erfc, cdfnorm).
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Fig. 4: cdfnorm Family Functions Relationship

Useful relations for these functions:

erf(x) + erfc = 1

cdfnorm(x) =
1

2
(1 + erf(

x√
2
)) = 1− frac12erfc(

x√
2
)

Argument Result Error Code
a < underflow +0 status::underflow
+∞ +1
-∞ +0
QNAN QNAN
SNAN QNAN
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event cdfnorm(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event cdfnorm(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event cdfnorm(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event cdfnorm(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},

(continues on next page)
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(continued from previous page)

oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

cdfnorm supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use cdfnorm can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vcdfnorm.cpp

erfinv

Computes the element-wise inverse error function of vector elements.

• Description

• API

• Examples

Description

Theerfinv(a) functioncomputes the inverseerror functionvalues forelementsof the inputvectoraandwrites
them to the output vector y

y = erf-1(a),

where erf(x) is the error function defined as given by:

erf(x) =
2√
π

∫ x

0
e−t2dt

Useful relations:

erf−1(x) = erfc−1(1− x)

where erfc is the complementary error function.

Φ =
1

2
erf(

x√
2
)
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where

Φ(x) = − 1√
2π

∫ x

0
exp(−fract22)dt

is the cumulative normal distribution function.

Φ−1(x) =
√
2erf−1(2x− 1)

where ϕ− 1(x) and erf-1(x) are the inverses to ϕ(x) and erf(x), respectively.

The following figure illustrates the relationships among erfinv family functions (erfinv, erfcinv,
cdfnorminv).

Fig. 5: erfinv Family Functions Relationship

Useful relations for these functions:

erfcinv(x) = erfinv(1− x)

cdfnorminv(x) =
√
2erfinv(2x− 1) =

√
2erfcinv(2− 2x)
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Argument Result Error Code
+0 +0
-0 -0
+1 +∞ status::sing
-1 -∞ status::sing
|a| > 1 QNAN status::errdom
+∞ QNAN status::errdom
-∞ QNAN status::errdom
QNAN QNAN
SNAN QNAN

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event erfinv(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event erfinv(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event erfinv(sycl::queue & exec_queue,
std::int64_t n,
T const * a,

(continues on next page)
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T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event erfinv(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

erfinv supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.
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n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See theSee the set_mode function for pos-
sible valuesand their description. This is anoptional parameter. Thedefault value ismode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use erfinv can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/verfinv.cpp

erfcinv

Computes the element-wise inverse complementary error function of vector elements.

• Description

• API

• Examples
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Description

The erfcinv(a) function computes the inverse complimentary error function values for elements of the input
vector a andwrites them to the output vector y.

The inverse complementary error function is defined as given by:

erfcinv(x) = erfinv(1− x)

erfinv(x) = erf−1(x)

erf(x) =
2√
π

∫ x

0
e−t2dt

where erf(x) denotes the error function and erfinv(x) denotes the inverse error function.

The following figure illustrates the relationships among erfinv family functions (erfinv, erfcinv,
cdfnorminv).

Fig. 6: erfcinv Family Functions Relationship

Useful relations for these functions:

erfcinv(x) = erfinv(1− x)

cdfnorminv(x) =
√
2erfinv(2x− 1) =

√
2erfcinv(2− 2x)
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Argument Result Error Code
+1 +0
+2 -∞ status::sing
-0 +∞ status::sing
+0 +∞ status::sing
a < -0 QNAN status::errdom
a > +2 QNAN status::errdom
+∞ QNAN status::errdom
-∞ QNAN status::errdom
QNAN QNAN
SNAN QNAN

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event erfcinv(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event erfcinv(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event erfcinv(sycl::queue & exec_queue,
(continues on next page)
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(continued from previous page)

std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event erfcinv(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

erfcinv supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

835



Intel® oneAPIMath Kernel Library

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handlingmode for this function call. See the ref:create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer y containing the output vector of size n.

returnvalue (event) Computation end event.

USMAPI

y Pointer y to the output vector of size n.

returnvalue (event) Computation end event.

Examples

An example of how to use erfcinv can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/verfcinv.cpp

cdfnorminv

Computes the element-wise inverse cumulative normal distribution function of vector elements.

• Description

• API

• Examples
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Description

Thecdfnorminv(a) functioncomputes the inversecumulativenormaldistribution functionvalues forelements
of the input vector a andwrites them to the output vector y.

The inverse cumulative normal distribution function is defined as given by:

CdfNormInv(x) = CdfNorm−1(x),

where cdfnorm(x) denotes the cumulative normal distribution function.

Useful relations:

cdfnorminv(x) =
√
2erfinv(2x− 1) =

√
2erfcinv(2− 2x)

whereerfinv(x)denotes the inverseerror functionanderfcinv(x)denotes the inversecomplementaryerror
functions.

The following figure illustrates the relationships among erfinv family functions (erfinv, erfcinv,
cdfnorminv).

Fig. 7: cdfnorminv Family Functions Relationship

Useful relations for these functions:

erfcinv(x) = erfinv(1− x)
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cdfnorminv(x) =
√
2erfinv(2x− 1) =

√
2erfcinv(2− 2x)

Argument Result Error Code
+0.5 +0
+1 +∞ status::sing
-0 -∞ status::sing
+0 -∞ status::sing
a < -0 QNAN status::errdom
a > +1 QNAN status::errdom
+∞ QNAN status::errdom
-∞ QNAN status::errdom
QNAN QNAN
SNAN QNAN

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event cdfnorminv(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event cdfnorminv(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI
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namespace oneapi::mkl::vm {

sycl::event cdfnorminv(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event cdfnorminv(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

cdfnorminv supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use cdfnorminv can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vcdfnorminv.cpp

lgamma

Computes the element-wise natural logarithm of the absolute value of the gamma function of vector elements.

• Description

• API

• Examples
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Description

Thelgamma(a) functioncomputes thenatural logarithmof theabsolutevalueofgammafunction forelementsof
the input vector a andwrites them to the output vector y. Precision overflow thresholds for the lgamma function
arebeyond the scopeof this document. If the result doesnotmeet the target precision, the function sets theVM
Error Status to status::overflow.

Argument Result Error Code
+1 +0
+2 +0
+0 +∞ status::sing
-0 +∞ status::sing
negative integer +∞ status::sing
-∞ +∞
+∞ +∞
a > overflow +∞ status::overflow
QNAN QNAN
SNAN QNAN

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event lgamma(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event lgamma(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}
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USMAPI

namespace oneapi::mkl::vm {

sycl::event lgamma(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event lgamma(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

lgamma supports the following precisions and devices:

T Devices supported
float CPU
double CPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.
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errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use lgamma can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vlgamma.cpp

tgamma

Computes the element-wise gamma function of vector elements.
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• Description

• API

• Examples

Description

Thetgamma(a) functioncomputes thegamma function forelementsof the input vectoraandwrites themto the
output vector y. Precision overflow thresholds for the tgamma function are beyond the scope of this document.
If the result does notmeet the target precision, the function raises sets theVMError Status to status::sing.

Argument Result Error Code
+0 +∞ status::sing
-0 -∞ status::sing
negative integer QNAN status::errdom
-∞ QNAN status::errdom
+∞ +∞
a > overflow +∞ status::sing
QNAN QNAN
SNAN QNAN

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event tgamma(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event tgamma(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,

(continues on next page)
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(continued from previous page)

sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event tgamma(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event tgamma(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

tgamma supports the following precisions and devices:

T Devices supported
float CPU
double CPU
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InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for more details.

sy Slice selector for y. SeeData Types for more details.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.
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Examples

An example of how to use tgamma can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vtgamma.cpp

expint1

Computes the element-wise exponential integral of vector elements.

• Description

• API

• Examples

Description

The expint1(a) function computes the exponential integral of vector elements of the input vector a andwrites
them to the output vector y.

For positive real values x, this can bewritten as:

E1(x) =

∫ ∞

x

e−t

t
dt =

∫ ∞

1

e−xt

t
dt

For negative real values x, the result is defined asNAN.

Argument Result Error Code
x < +0 QNAN status::errdom
+0 +∞ status::sing
-0 +∞ status::sing
+∞ +0
-∞ QNAN status::errdom
QNAN QNAN
SNAN QNAN

API

Syntax

BufferAPI
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namespace oneapi::mkl::vm {

sycl::event expint1(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event expint1(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event expint1(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event expint1(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

expint1 supports the following precisions and devices:
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T Devices supported
float CPU
double CPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use expint1 can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vexpint1.cpp

12.2.7 RoundingFunctions

floor

Computes the element-wise rounding of vector elements to the nearest integer towardsminus infinity.

• Description

• API

• Examples

Description

The floor(a) function computes an integer value rounded towardsminus infinity for each vector element.

yi = ⌊ai⌋

Argument Result Error Code
+0 +0
-0 -0
+∞ +∞
-∞ -∞
QNAN QNAN
SNAN QNAN

The floor function does not generate any errors.
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event floor(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event floor(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event floor(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event floor(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}
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floor supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.
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Examples

An example of how to use floor can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vfloor.cpp

ceil

Computes the element-wise rounding of vector elements to the nearest integer towards plus infinity.

• Description

• API

• Examples

Description

The ceil(a) function computes an integer value rounded towards plus infinity for each vector element.

yi = ⌈ai⌉

Argument Result Error Code
+0 +0
-0 -0
+∞ +∞
-∞ -∞
QNAN QNAN
SNAN QNAN

The ceil function does not generate any errors.

API

Syntax

BufferAPI
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namespace oneapi::mkl::vm {

sycl::event ceil(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event ceil(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event ceil(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event ceil(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

ceil supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU
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InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.
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Examples

An example of how to use ceil can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vceil.cpp

trunc

Computes the element-wise rounding of vector elements to the nearest integer towards zero.

• Description

• API

• Examples

Description

The trunc(a) function computes an integer value rounded towards zero for each vector element.

ai ≥ 0, yi = ⌊ai⌋
a < 0, yi = ⌈ai⌉

Argument Result Error Code
+0 +0
-0 -0
+∞ +∞
-∞ -∞
QNAN QNAN
SNAN QNAN

The trunc function does not generate any errors.

API

Syntax

BufferAPI
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namespace oneapi::mkl::vm {

sycl::event trunc(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event trunc(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event trunc(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event trunc(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

trunc supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU
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InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. See SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.
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Examples

An example of how to use trunc can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vtrunc.cpp

round

Computes the element-wise rounding of vector elements to the nearest integer, breaking ties away from zero.

• Description

• API

• Examples

Description

The round(a) function computes a value rounded to the nearest integer for each vector element. Input ele-
ments that are halfway between two consecutive integers are always rounded away from zero regardless of the
roundingmode.

Argument Result Error Code
+0 +0
-0 -0
+∞ +∞
-∞ -∞
QNAN QNAN
SNAN QNAN

The round(a) function does not generate any errors.

API

Syntax

BufferAPI

sycl::event round(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}
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namespace oneapi::mkl::vm{

sycl::event round(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm{

sycl::event round(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm{

sycl::event round(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

round supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU
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InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.
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Examples

An example of how to use round can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vround.cpp

nearbyint

Computes theelement-wise roundingof vector elements to thenearest integer, according to thecurrent round-
ingmode.

• Description

• API

• Examples

Description

The nearbyint(a) function computes a rounded integer value in a current rounding mode for each vector el-
ement.

Argument Result Error Code
+0 +0
-0 -0
+∞ +∞
-∞ -∞
QNAN QNAN
SNAN QNAN

The nearbyint function does not generate any errors.

API

Syntax

BufferAPI
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namespace oneapi::mkl::vm {

sycl::event nearbyint(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event nearbyint(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event nearbyint(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event nearbyint(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

nearbyint supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU
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InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.
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Examples

An example of how to use nearbyint can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vnearbyint.cpp

rint

Computes theelement-wise roundingof vector elements to thenearest integer, according to thecurrent round-
ingmode.

• Description

• API

• Examples

Description

The rint(a) function computes a rounded floating-point integer value using the current rounding mode for
each vector element.

The roundingmodeaffects the resultscomputed for inputs that fall betweenconsecutive integers. Forexample:

• f(0.5) = 0, for roundingmodes set to round to nearest round toward zero or tominus infinity.

• f(0.5) = 1, for roundingmodes set to plus infinity.

• f(-1.5) = -2, for roundingmodes set to round to nearest or tominus infinity.

• f(-1.5) = -1, for roundingmodes set to round toward zero or to plus infinity.

Argument Result Error Code
+0 +0
-0 -0
+∞ +∞
-∞ -∞
QNAN QNAN
SNAN QNAN

The rint function does not generate any errors.
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event rint(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event rint(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event rint(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event rint(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}
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rint supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

867



Intel® oneAPIMath Kernel Library

Examples

An example of how to use rint can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vrint.cpp

modf

Computes the element-wise truncated integral and remaining fractional parts of vector elements.

• Description

• API

• Examples

Description

The modf(a) function computes a truncated integer value and the remaining fraction part for each vector ele-
ment.

ai ≥ 0,

{
yi = ⌊ai⌋
zi = ai − ⌊ai⌋

ai < 0,

{
yi = ⌈ai⌉
zi = ai − ⌈ai⌉

Argument Result 1 Result 2 Error Code
+0 +0 +0
-0 -0 -0
+∞ +∞ +0
-∞ -∞ -0
SNAN QNAN QNAN
QNAN QNAN QNAN

The modf function does not generate any errors.

API

Syntax

BufferAPI
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namespace oneapi::mkl::vm {

sycl::event modf(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
sycl::buffer<T> & z,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event modf(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
sycl::buffer<T> & z,
oneapi::mkl::slice sz,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event modf(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
T * z,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event modf(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
T * z,
oneapi::mkl::slice sz,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}
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modf supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

sz Slice selector for z. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

sz Slice selector for z. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.
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OutputParameters

BufferAPI

y The buffer containing the output vector for truncated integer values.

z The buffer containing the output vector for remaining fraction parts.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector for truncated integer values.

z Pointer to the output vector for remaining fraction parts.

returnvalue (event) Computation end event.

Examples

An example of how to use modf can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vmodf.cpp

frac

Computes the element-wise signed fractional part of vector elements.

• Description

• API

• Examples

Description

The frac(a) function computes a signed fractional part for each vector element.

yi =ai − ⌊ai⌋ai, ≥ 0

ai − ⌈ai⌉, a < 0

yi =ai − ⌊ai⌋ai, ≥ 0

ai − ⌈ai⌉, a < 0
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Argument Result Error Code
+0 +0
-0 -0
+∞ +0
-∞ -0
QNAN QNAN
SNAN QNAN

The frac function does not generate any errors.

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event frac(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event frac(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event frac(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T * y,
std::vector<sycl::event> const & depends = {},

(continues on next page)
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(continued from previous page)

oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event frac(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

frac supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the input vector.

sa Slice selector for a. SeeData Types for a description of the |O-MKL| slice type.

sy Slice selector for y. SeeData Types for a description of the |O-MKL| slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the input vector.

sa Slice selector for a. SeeData Types for a description of the |O-MKL| slice type.

sy Slice selector for y. SeeData Types for a description of the |O-MKL| slice type.
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depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use frac can be found in the |O-MKL| installation directory, under:

examples/dpcpp/vml/source/vfrac.cpp

12.3 VMServiceFunctions

TheVMService functions enable you to set/get the accuracymode and error code. These functions are avail-
able both in the Fortran and C interfaces. The table below lists available VM Service functions and their short
description.

Function Short Name Description
set_mode Sets theVMmode
get_mode Gets theVMmode
set_status Sets theVMError Status
get_status Gets theVMError Status
clear_status Clears theVMError Status
create_error_handler Creates the local VM error handler for a function

Product and Performance Information
Performance varies by use, configuration and other factors. Learn more at https://www.intel.com/
PerformanceIndex. Notice revision #20201201
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12.3.1 set_mode

Sets a newmode for VM functions according to the mode parameter and returns the previous VMmode.

• Description

• API

• Examples

Description

The set_mode function sets a new mode for VM functions according to the new_mode parameter and returns
the previous VMmode. Themode change has a global effect on all the VM functions within a queue.

oneMKLVMmodeparameters provide control on the accuracyofmathematical functions, andononeMKLVM
StridedAPI behavior. Themode set for a given queue can be overridden locally by the localmode parameter in
a VM function call.

Themode value is a bitwiseOR (|) combination of the values described in the following table.

Value Description
Accuracy Control
oneapi::mkl::vm::mode::ha High accuracy versions of VM functions. (DEFAULT)
oneapi::mkl::vm::mode::la Low accuracy versions of VM functions.
oneapi::mkl::vm::mode::ep Enhanced performance accuracy versions of VM functions.
Slice Argument Checking
oneapi::mkl::vm::mode::badarg_-
exception

Throw a oneapi::mkl::invalid_argument exception on in-
valid arguments. (DEFAULT)

oneapi::mkl::vm::mode::badarg_-
quiet

Invalid arguments quietly make the call a “no-op”. The VM sta-
tus is set to vm::status::empty_computation.

Slice IndexingControls
oneapi::mkl::vm::mode::slice_-
normal

Non-equal slice sizes are considered invalid. (DEFAULT)

oneapi::mkl::vm::mode::slice_-
minimum

The minimum of all slice sizes defines the number of evalua-
tions.

oneapi::mkl::vm::mode::slice_-
cyclic

The output slice(s) size defines the number of evaluations. In-
put slices wrap around from the start.

Default Local Mode
oneapi::mkl::vm::mode::not_-
defined

VMmode not defined. This has no effect.

The default value if no VM mode is defined or if the VM mode value is set to mode::not_defined is (mode::
badarg_exception | mode::slice_normal | mode::ha).
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API

Syntax

uint64_t set_mode(queue& exec_queue, uint64_t new_mode )

set_mode supports the following devices: CPU andGPU.

InputParameters

exec_queue The queuewhere the routine should be executed.

new_mode Specifies theVMmode to be set.

OutputParameters

returnvalue (old_mode) Specifies the former VMmode.

Examples

oldmode = set_mode (exec_queue , mode::la);
oldmode = set_mode (exec_queue , mode::ep | mode::ftzdazon);

12.3.2 get_mode

Gets theVMmode for a queue.

• Description

• API

• Examples

Description

The get_mode function returns the global VM mode parameter that controls accuracy and VM Strided API be-
havior foragivenqueue. Thevariablevalue isacombinationbybitwiseOR( | )of thevalues listed in the following
table.

Value of mode Description
Accuracy Control
oneapi::mkl::vm::mode::ha High accuracy versions of VM functions. (DEFAULT)
oneapi::mkl::vm::mode::la Low accuracy versions of VM functions.

continues on next page
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Table 22 – continued from previous page
Value of mode Description
oneapi::mkl::vm::mode::ep Enhanced performance accuracy versions of VM functions.
Slice Argument Checking
oneapi::mkl::vm::mode::badarg_-
exception

Throw a oneapi::mkl::invalid_argument exception on invalid ar-
guments. (DEFAULT)

oneapi::mkl::vm::mode::badarg_-
quiet

Invalid arguments quietly make the call a “no-op”. The VM sta-
tus is set to vm::status::empty_computation.

Slice IndexingControls
oneapi::mkl::vm::mode::slice_-
normal

Non-equal slice sizes are considered invalid. (DEFAULT)

oneapi::mkl::vm::mode::slice_-
minimum

The minimum of all slice sizes defines the number of evalua-
tions.

oneapi::mkl::vm::mode::slice_-
cyclic

The output slice(s) size defines the number of evaluations. In-
put slices wrap around from the start.

Default Local Mode
oneapi::mkl::vm::mode::not_-
defined

VMmode not defined. This has no effect.

See the example below

API

Syntax

uint64_t get_mode( queue& exec_queue )

get_mode supports the following devices: CPU andGPU.

InputParameters

exec_queue The queuewhere the routine should be executed.

OutputParameters

returnvalue (old_mode) Specifies the global VMmode.

Examples

accm = get_mode (exec_queue) & mode::accuracy_mask;
denm = get_mode (exec_queue) & mode::ftzdaz_mask;
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12.3.3 set_status

Sets the global VMStatus according to new values and returns the previous VMStatus.

• Description

• API

• Examples

Description

The set_status function sets the global VMStatus to new value and returns the previous VMStatus.

The global VM Status is a single value and it accumulates via bitwise OR ( | ) all errors that happen inside VM
functions. The following table lists the possible error values.

Status Description
Successful Execution
status::success VM function execution completed successfully
status::not_defined VMstatus not defined
Warnings
status::accuracy_-
warning

VM function execution completed successfully in a different accuracymode

Computational Errors
status::errdom Values are out of a range of definition producing invalid (QNaN) result
status::sing Values cause divide-by-zero (singularity) errors and produce and invalid

(QNaNor Inf) result
status::overflow An overflow happened during the calculation process
status::underflow An underflow happened during the calculation process

API

Syntax

uint8_t set_status (queue& exec_queue,uint_8 new_status )

set_status supports the following devices: CPU andGPU.
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InputParameters

exec_queue The queuewhere the routine should be executed.

new_status Specifies theVM status to be set.

OutputParameters

returnvalue (old_status) Specifies the former VM status.

Examples

uint8_t olderr = set_status (exec_queue, status::success);

if (olderr & status::errdom)
{

std::cout << ”Errdom status returned” << std::endl;
}

if (olderr & status::sing)
{

std::cout << ”Singularity status returned” << std::endl;
}

12.3.4 get_status

Gets theVMStatus.

• Description

• API

• Examples

Description

The get_status function gets theVM status.

TheglobalVMStatus isasinglevalueand it accumulatesviabitwiseOR( | )all computationalerrors thathappen
insideVM functions. The following table lists the possible error values.

Status Description
Successful Execution
status::success VM function execution completed successfully

continues on next page
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Table 23 – continued from previous page
Status Description
status::not_defined VMstatus not defined
Warnings
status::accuracy_warning VM function execution completed successfully in a different

accuracymode
Computational Errors
status::errdom Valuesareoutofa rangeofdefinitionproducing invalid (QNaN)

result
status::sing Values cause divide-by-zero (singularity) errors and produce

and invalid (QNaNor Inf) result
status::overflow An overflow happened during the calculation process
status::underflow An underflow happened during the calculation process

API

Syntax

uint8_t get_status (queue& exec_queue )

get_status supports the following devices: CPU andGPU.

InputParameters

exec_queue The queuewhere the routine should be executed.

OutputParameters

returnvalue (status) Specifies theVM status.

Examples

uint8_t err = get_status (exec_queue);

if (err & status::errdom)
{

std::cout << ”Errdom status returned” << std::endl;
}

if (err & status::sing)
{

std::cout << ”Singularity status returned” << std::endl;
}
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12.3.5 clear_status

Sets theVMStatus according to status::success and returns the previous VMStatus.

• Description

• API

• Examples

Description

The clear_status function sets theVM status to status::success and returns the previous VM status.

The global VM Status is a single value and it accumulates all errors that happen inside VM functions. The fol-
lowing table lists the possible error values.

Status Description
Successful Execution
status::success VM function execution completed successfully
status::not_defined VMstatus not defined
Warnings
status::accuracy_warning VM function execution completed successfully in a different

accuracymode
Computational Errors
status::errdom Valuesareoutofa rangeofdefinitionproducing invalid (QNaN)

result
status::sing Values cause divide-by-zero (singularity) errors and produce

and invalid (QNaNor Inf) result
status::overflow An overflow happened during the calculation process
status::underflow An underflow happened during the calculation process

API

Syntax

namespace oneapi::mkl::vm {
uint8_t clear_status
(queue& exec_queue )

}

clear_status supports the following devices: CPU andGPU.

881



Intel® oneAPIMath Kernel Library

InputParameters

exec_queue The queuewhere the routine should be executed.

OutputParameters

returnvalue (old_status) Specifies the former VM status.

Examples

uint8_t olderr = clear_status (exec_queue);

12.3.6 create_error_handler

Creates the local VMError Handler for a function.

Syntax

Buffer API:

namespace oneapi::mkl::vm {
error_handler<T> create_error_handler(
buffer<uint8_t,
1> & errarray,
int64_t length = 1,
uint8_t errstatus = status::not_defined,
T fixup = 0.0,
bool copysign = false )

}

USMAPI:

namespace oneapi::mkl::vm {
error_handler<T> create_error_handler(
uint8_t* errarray,
int64_t length = 1,
uint8_t errstatus = status::not_defined,
T fixup = 0.0,
bool copysign = false )

}

create_error_handler supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU
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Description

The create_error_handler creates the local VMError handler to be passed toVM functionswhich support error
handling.

The local VMError Handler supports threemodes:

• Single status mode: all errors happened during function execution are being written into one status
value.

At the execution end the single value is either un-changed if no errors happened or contained accumu-
lated (merged by bitwiseOR) error statuses happened in function execution.

Set the array pointer to any status object and the length equals 1 to enable this mode.

• Multiple statusmode: error statuses are saved as an array by indices where they happen.

Notice that only error statuses are beingwritten into the array, the success statuses are not to bewritten.

Thatmeans the array needs to be allocated and initialized by user before function execution.

To enable this mode allocate status array with the same size as argument and result vectors, set the er-
rarray pointer to it and the length to the vector size.

• Fixup mode: for all arguments which caused specific error status results to be overwritten by a user-
defined value.

To enable this mode set desirable errstatus and fixup values. The fixup value is written to results for each
argument which caused the errstatus error.

If the copysign is set to true then fixup value’s sign set to the same sign of the argument which caused the
errstatus – a suitable option for symmetricmath functions.

The following table lists the possible computational error values.

Status Description
Successful Execution
status::success VM function execution completed successfully
status::not_defined VMstatus not defined
Warnings
status::accuracy_warning VM function execution completed successfully in a different

accuracymode
Computational Errors
status::errdom Valuesareoutofa rangeofdefinitionproducing invalid (QNaN)

result
status::sing Values cause divide-by-zero (singularity) errors and produce

and invalid (QNaNor Inf) result
status::overflow An overflow happened during the calculation process
status::underflow An underflow happened during the calculation process

Notes:
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• Youmust allocate and initialize array errarray before callingVM functions inmultiple status error handling
mode.

The array should be large enough to contain n error codes, where n is the sameas inputoutput vector size
for the VM function.

• If no arguments passed to the create_error_handler function, then the empty object is created with all of
three error handlingmodes disabled.

In this case, the VMmath functions set the global error status only.

InputParameters

errarray Array to store error statuses (should be a buffer for buffer API).

length Length of the errarray. This is an optional argument, default value is 1.

errcode Error status to fixup results. This is an optional argument, default value is status::not_defined.

fixup Fixup value for results. This is an optional argument, default value is 0.0.

copysign Flag forsetting thefixupvalue’ssign thesameas theargument’s. This isanoptionalargument,default
value false.

OutputParameters

returnvalue Specifies the error handler object to be created.

Examples

The following examples are possible usagemodels (USMAPI).

Single statusmodewith create_error_handler():

error_handler<float> handler = vm::create_error_handler (st);
vm::sin(exec_queue, 1000, a, r, handler);
if ( st[0] & status::errdom)
{

std::cout << ”Errdom status returned” << std::endl;
}

Single statusmodewithout create_error_handler():

vm::sin(exec_queue, 1000, a, r, {st });
std::cout << status << std::endl;
if ( st[0] & status::errdom)
{

std::cout << ”Errdom status returned” << std::endl;
}

The st contains either status::success or accumulated error statuses if computational errors occured in vm:
:erfinv.

Multiple statusmodewith create_error_handler():
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error_handler<float> handler = vm::create_error_handler (st, 1000);
vm::inv(exec_queue, 1000, a, r, handler);
for(int i=0; i<1000; i++)

std::cout << st[i] << std::endl;

Multiple statusmodewithout create_error_handler():

vm::inv(exec_queue, 1000, a, r, {st, 1000});
for(int i=0; i<1000; i++)

std::cout << st[i] << std::endl;

Thestarraycontainsall codes forcomputationalerrors thatoccurat thesamevector indicesias thearguments
that caused the errors.

Fixup statusmodewith create_error_handler():

float fixup = 1.0;
error_handler<float> handler = vm::create_error_handler (nullptr, 0, status::errdom, fixup,

↪→ true);
vm::erfinv(exec_queue, 1000, a, r, handler);

Fixup statusmodewithout create_error_handler():

float fixup = 1.0;
vm::erfinv(exec_queue, 1000, a, r, { nullptr, 0, status::errdom, fixup, true });

All results in rwhich computation generated status::errdom are replaced by fixup values.

In the example above all the erfinv function’s NAN results caused by greater than |1| arguments are replaced
by 1.0 value with the same sign as the corresponding argument.

Mixed (Single and Fixup) statusmodewith create_error_handler():

float fixup = 1e38;
error_handler<float> handler = vm::create_error_handler (st, 1, status::overflow, fixup);
vm::exp(exec_queue, 1000, a, r, handler);
if ( st & status::underflow)
{

std::cout << ”Underflow status returned” << std::endl;
}

Mixed (Single and Fixup) statusmodewithout create_error_handler():

float fixup = 1e38;
vm::exp(exec_queue, 1000, a, r, {st, 1, status::overflow, fixup});
if ( st & status::underflow)
{

std::cout << ”Underflow status returned” << std::endl;
}

Mixed (Multiple and Fixup) statusmodewith create_error_handler():
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namespace oneapi::mkl::vm {

float fixup = 1.0;
error_handler<float> handler = vm::create_error_handler (st, 1000, status::errdom,␣

↪→fixup);
vm::acospi(exec_queue, 1000, a, r, handler);
for(int i=0; i<1000; i++)

std::cout << st[i] << std::endl;

Mixed (Multiple and Fixup) statusmodewithout create_error_handler():

float fixup = 1.0;
vm::acospi(exec_queue, 1000, a, r,{ st, 1000, status::errdom, fixup});
for(int i=0; i<1000; i++)

std::cout << st[i] << std::endl;

Thestarraycontainsall codes forcomputationalerrors thatoccurat thesamevector indicesias thearguments
that caused theerrors. Additionally, all results inrwhich computationgeneratedstatus::errdom are replaced
by fixup values.

No local error handlingmode:

vm::pow(exec_queue, n, a, b, r);
uint8_t err = vm::get_status (exec_queue);

if (err & status::errdom)
{

std::cout << ”Errdom status returned” << std::endl;
}

if (err & status::sing)
{

std::cout << ”Singularity status returned” << std::endl;
}

Only global accumulated error status err is set.

12.4 MiscellaneousVMFunctions

12.4.1 copysign

Computes the element-wise copy of vector a elements with the sign of vector b elements.

• Description

• API

• Examples
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Description

The copysign(a,b) function returns the first vector argument elements with the sign changed to match the
sign of the second vector argument’s corresponding elements.

Argument 1 Argument 2 Result Error Code
any value positive value +any value
any value negative value -any value

The copysign(a,b) function does not generate any errors.

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event copysign(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & b,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event copysign(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & b,
oneapi::mkl::slice sb,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event copysign(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T const * b,

(continues on next page)
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(continued from previous page)

T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event copysign(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T const * b,
oneapi::mkl::slice sb,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

copysign supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b The buffer containing the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.
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n Specifies the number of elements to be calculated.

a Pointer to the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b Pointer to the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use copysign can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vcopysign.cpp

12.4.2 nextafter

Computes the element-wise next representable floating-point valueof vectoraelements in thedirectionof vec-
tor b elements.

• Description

• API

• Examples
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Description

The nextafter(a,b) function returns a vector containing the next representable floating-point values follow-
ing thefirst vectorargumentelements in thedirectionof thesecondvectorargument’scorrespondingelements.

Arguments/Results Error Code
Input vector argument element is finite and the corresponding result vector element
value is infinite

status::
overflow

Result vector element value is subnormal or zero, and different from the corresponding
input vector argument element

status::
underflow

Even though underflow or overflow can occur, the returned value is independent of the current rounding direc-
tionmode.

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event nextafter(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & b,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event nextafter(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & b,
oneapi::mkl::slice sb,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

USMAPI
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namespace oneapi::mkl::vm {

sycl::event nextafter(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T const * b,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

namespace oneapi::mkl::vm {

sycl::event nextafter(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T const * b,
oneapi::mkl::slice sb,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined,
oneapi::mkl::vm::error_handler<T> errhandler = {});

}

nextafter supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b The buffer containing the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.
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sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b Pointer to the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

errhandler Sets local error handling mode for this function call. See the create_error_handler function for
arguments and their descriptions. This is an optional parameter. The local error handler is disabled by
default.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use nextafter can be found in the oneMKL installation directory, under:
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examples/dpcpp/vml/source/vnextafter.cpp

12.4.3 fdim

Computes the element-wise positive difference between vector a elements and vector b elements.

• Description

• API

• Examples

Description

The fdim(a,b) function returns a vector containing the differences of the corresponding elements of the first
and second vector arguments if the first element is larger, and +0 otherwise.

Argument 1 Argument 2 Result Error Code
any QNAN QNAN
any SNAN QNAN
QNAN any QNAN
SNAN any QNAN

The fdim(a,b) function does not generate any errors.

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event fdim(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & b,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}
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namespace oneapi::mkl::vm {

sycl::event fdim(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & b,
oneapi::mkl::slice sb,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event fdim(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T const * b,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event fdim(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T const * b,
oneapi::mkl::slice sb,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

fdim supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU
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InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b The buffer containing the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b Pointer to the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.
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Examples

An example of how to use fdim can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vfdim.cpp

12.4.4 fmax

Computes the element-wisemaximumof each pair of vector a elements and vector b elements.

• Description

• API

• Examples

Description

The fmax(a,b) function returns a vector with element values equal to the larger value from each pair of corre-
sponding elements of the two vectors a and b: if a < b fmax(a,b) returns b, otherwise fmax(a,b) returns a.

Argument 1 Argument 2 Result Error Code
a not NAN NAN a
NAN b not NAN b
NAN NAN NAN

The fmax(a,b) function does not generate any errors.

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event fmax(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & b,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}
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namespace oneapi::mkl::vm {

sycl::event fmax(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & b,
oneapi::mkl::slice sb,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event fmax(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T const * b,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event fmax(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T const * b,
oneapi::mkl::slice sb,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

fmax supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU
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InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b The buffer containing the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b Pointer to the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.
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Examples

An example of how to use fmax can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vfmax.cpp

12.4.5 fmin

Computes the element-wiseminimumof each pair of vector a elements and vector b elements.

• Description

• API

• Examples

Description

The fmin(a,b) function returns a vectorwith element values equal to the smaller value fromeachpair of corre-
sponding elements of the two vectors a and b: if a > b fmin(a,b) returns b, otherwise fmin(a,b) returns a.

Argument 1 Argument 2 Result Error Code
a not NAN NAN a
NAN b not NAN b
NAN NAN NAN

The fmin(a,b) function does not generate any errors.

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event fmin(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & b,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

899



Intel® oneAPIMath Kernel Library

namespace oneapi::mkl::vm {

sycl::event fmin(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & b,
oneapi::mkl::slice sb,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event fmin(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T const * b,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event fmin(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T const * b,
oneapi::mkl::slice sb,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

fmin supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU
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InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b The buffer containing the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b Pointer to the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.

OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.
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Examples

An example of how to use fmin can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vfmin.cpp

12.4.6 maxmag

Computes the element-wisemaximumof eachpair of vector a elements and vector b elements in termsofmag-
nitude.

• Description

• API

• Examples

Description

The maxmag(a,b) function returns a vectorwith element values equal to the elementwith the largermagnitude
from each pair of corresponding elements of the two vectors a and b:

• If |a| > |b| maxmag(a,b) returns a, otherwisemaxmag(a,b) returns b.

• If |b| > |a| maxmag(a,b) returns b, otherwisemaxmag(a,b) returns a.

• Otherwisemaxmag(a,b) behaves like fmax.

Argument 1 Argument 2 Result Error Code
a not NAN NAN a
NAN b not NAN b
NAN NAN NAN

The maxmag(a,b) function does not generate any errors.

API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event maxmag(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & b,

(continues on next page)
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(continued from previous page)

sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event maxmag(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & b,
oneapi::mkl::slice sb,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event maxmag(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T const * b,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event maxmag(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T const * b,
oneapi::mkl::slice sb,
T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

maxmag supports the following precisions and devices:
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T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b The buffer containing the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b Pointer to the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use maxmag can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vmaxmag.cpp

12.4.7 minmag

Computes the element-wiseminimumof each pair of vector a elements and vector b elements in terms ofmag-
nitude.

• Description

• API

• Examples

Description

Theminmag(a,b) function returnsavectorwithelementvaluesequal to theelementwith thesmallermagnitude
from each pair of corresponding elements of the two vectors a and b:

• If |a| < |b| minmag(a,b) returns a, otherwiseminmag(a,b) returns b.

• If |b| < |a| minmag(a,b) returns b, otherwiseminmag(a,b) returns a.

• Otherwiseminmag behaves like fmin.

Argument 1 Argument 2 Result Error Code
a not NAN NAN a
NAN b not NAN b
NAN NAN NAN

The minmag(a,b) function does not generate any errors.
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API

Syntax

BufferAPI

namespace oneapi::mkl::vm {

sycl::event minmag(sycl::queue & exec_queue,
std::int64_t n,
sycl::buffer<T> & a,
sycl::buffer<T> & b,
sycl::buffer<T> & y,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event minmag(sycl::queue & exec_queue,
sycl::buffer<T> & a,
oneapi::mkl::slice sa,
sycl::buffer<T> & b,
oneapi::mkl::slice sb,
sycl::buffer<T> & y,
oneapi::mkl::slice sy,
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

USMAPI

namespace oneapi::mkl::vm {

sycl::event minmag(sycl::queue & exec_queue,
std::int64_t n,
T const * a,
T const * b,
T * y,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

namespace oneapi::mkl::vm {

sycl::event minmag(sycl::queue & exec_queue,
T const * a,
oneapi::mkl::slice sa,
T const * b,
oneapi::mkl::slice sb,

(continues on next page)
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T * y,
oneapi::mkl::slice sy,
std::vector<sycl::event> const & depends = {},
oneapi::mkl::vm::mode mode = oneapi::mkl::vm::mode::not_defined);

}

minmag supports the following precisions and devices:

T Devices supported
float CPU andGPU
double CPU andGPU

InputParameters

BufferAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a The buffer containing the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b The buffer containing the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

mode Overrides the global VMmode setting for this function call. See set_mode function for possible values
and their description. This is an optional parameter. The default value is mode::not_defined.

USMAPI

exec_queue The queuewhere the routine should be executed.

n Specifies the number of elements to be calculated.

a Pointer to the 1st input vector.

sa Slice selector for a. SeeData Types for a description of the oneMKL slice type.

b Pointer to the 2nd input vector.

sb Slice selector for b. SeeData Types for a description of the oneMKL slice type.

sy Slice selector for y. SeeData Types for a description of the oneMKL slice type.

depends Vector of dependent events (to wait for input data to be ready). This is an optional parameter. The
default is an empty vector.

mode Overrides the global VMmode setting for this function call. See the set_mode function for possible val-
ues and their description. This is an optional parameter. The default value is mode::not_defined.
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OutputParameters

BufferAPI

y The buffer containing the output vector.

returnvalue (event) Computation end event.

USMAPI

y Pointer to the output vector.

returnvalue (event) Computation end event.

Examples

An example of how to use minmag can be found in the oneMKL installation directory, under:

examples/dpcpp/vml/source/vminmag.cpp
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13.0 RandomNumberGenerators

Intel® oneAPIMathKernel Library (oneMKL) providesDataParallel C++ interfaces for theVector StatisticsRan-
dom Number Generators (RNG) routines implementing commonly used pseudorandom, quasi-random, and
non-deterministic generators with continuous and discrete distributions.

oneMKL RNG includes manual offload functionality similar to other domains (Random Number Generators
Routines) and also device functionality — a set of functions callable directly fromDPC++ kernels (refer toRan-
domNumberGeneratorsDeviceRoutines for detailed descriptions).

13.1 Definitions

Pseudo-randomnumber generator is defined by a structure(S, μ, f, U, g), where:

• S is a finite set of states (the state space)

• μ is a probability distribution on S for the initial state (or seed) s0

• f:S→S is the transition function

• U - a finite set of output symbols

• g:S→U an output function

The generation of randomnumbers is as follows:

1. Generate the initial state (called the seed) s0 according to μ and compute u0=g(s0).

2. Iterate for i = 1, · · · , si = f( si−1) and ui = g( si) . Output values ui are the so-called random numbers
produced by the PRNG.

In computational statistics, random variate generation is usually made in two steps:

1. Generating imitations of independent and identically distributed (i.i.d.) random variables having the uni-
form distribution over the interval (0, 1)

2. Applying transformations to these i.i.d. U(0, 1) random variates in order to generate (or imitate) random
variates and random vectors from arbitrary distributions.

All RNG routines can be classified into several categories:

• Engines (Basic randomnumbergenerators) classes, whichhold the state of thegenerator and is a source
of i.i.d. random variables.

• Transformation classes for different types of statistical distributions, for example, uniform, normal (Gaus-
sian), binomial, etc. These classes contain all of the distribution’s parameters (including generation
method).

• Generate function. Thecurrent routine isused toobtain randomnumbers fromagivenenginewithproper
statistics defined by a given distribution.

• Service routines tomodify the engine state: skip ahead and leapfrog functions.
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13.1.1 ManualOffloadRNGRoutines

This section represents manual offload RNG routines, including engines and distributions classes templates,
generate function, and service routines.

RNGManualOffloadStructure

Fig. 8: RNGManual Offload Structure

Additionally, examples that demonstrate usage of randomnumber generators functionality are available in:

${MKL}/examples/dpcpp/rng/source

RandomNumberGeneratorsRoutines

This section represents manual offload RNG routines, including engines and distributions classes templates,
generate function, and service routines.
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oneMKLRNGUsageModel

• Example of RNGUsage

A typical algorithm for randomnumber generators is as follows:

1. Create and initialize the object for basic randomnumber generator.

• Use the skip_ahead or leapfrog function if it is required (used in parallel with randomnumber gen-
eration for CPUdevices).

2. Create and initialize the object for distribution generator.

3. Call the generate routine to get randomnumbers with appropriate statistical distribution.

The following example demonstrates generation of random numbers that is output from basic generator (en-
gine) PHILOX4X32X10. The seed is equal to 777. The generator is used to generate 10,000 normally dis-
tributed random numbers with parameters a = 5 and sigma= 2. The purpose of the example is to calculate the
samplemean for normal distribution with the given parameters.

ExampleofRNGUsage

BufferAPI

1 #include <iostream>
2 #include <vector>
3

4

5 #include “CL/sycl.hpp”
6 #include “oneapi/mkl/rng.hpp”
7 #define SEED 777
8

9

10 int main() {
11 sycl::queue queue;
12

13

14 const size_t n = 10000;
15 std::vector<double> r(n);
16

17

18 // create basic random number generator object
19 oneapi::mkl::rng::philox4x32x10 engine(queue, SEED);
20 // create distribution object
21 oneapi::mkl::rng::gaussian<double, oneapi::mkl::rng::gaussian_method::icdf> distr(5.0, 2.0);
22

23

24 {
25 // buffer for random numbers

(continues on next page)
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(continued from previous page)

26 sycl::buffer<double, 1> r_buf(r.data(), r.size());
27 // perform generation
28 oneapi::mkl::rng::generate(distr, engine, n, r_buf);
29

30

31 }
32

33

34 double s = 0.0;
35 for(int i = 0; i < n; i++) {
36 s += r[i];
37 }
38 s /= n;
39

40

41 std::cout << “Average = ” << s << std::endl;
42

43

44 return 0;
45 }

USMAPI

1 #include <iostream>
2 #include <vector>
3 #include “CL/sycl.hpp”
4 #include “oneapi/mkl/rng.hpp”
5 #define SEED 777
6

7

8 int main() {
9 sycl::queue queue;
10

11

12 const size_t n = 10000;
13

14

15 // create USM allocator
16 sycl::usm_allocator<double, sycl::usm::alloc::shared> allocator(queue);
17

18

19 // create vector with USM allocator
20 std::vector<double, decltype(allocator)> r(n, allocator);
21

22

23 // create basic random number generator object
24 oneapi::mkl::rng::philox4x32x10 engine(queue, SEED);
25 // create distribution object
26 oneapi::mkl::rng::gaussian<double, oneapi::mkl::rng::gaussian_method::icdf> distr(5.0, 2.0);
27

28

(continues on next page)
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(continued from previous page)

29 // perform generation
30 auto event = oneapi::mkl::rng::generate(distr, engine, n, r.data());
31

32

33 // sycl::event object is returned by generate function for synchronization
34 event.wait(); // synchronization can be also done by queue.wait()
35

36

37 double s = 0.0;
38 for(int i = 0; i < n; i++) {
39 s += r[i];
40 }
41 s /= n;
42

43

44 std::cout << “Average = ” << s << std::endl;
45

46

47 return 0;
48 }

YoucanalsouseUSMwith rawpointersbyusing thesycl::malloc_shared /sycl::malloc_device function.

Additionally, examples that demonstrate usage of randomnumber generators functionality are available in:

${MKL}/examples/dpcpp/rng/source

DeviceSupport

Data Parallel C++ supports several types of devices:

• Host device: Performs computations directly on the current CPU

• CPUdevice: Performs computations on aCPUusingOpenCL™

• GPUdevice: Performs computations on aGPU

All Data Parallel C++ routines of oneMKL RNG support at least the CPU devices. GPU devices are supported
for the following engines:

• oneapi::mkl::rng::mcg31m1

• oneapi::mkl::rng::mcg59

• oneapi::mkl::rng::mrg32k3a

• oneapi::mkl::rng::mt19937

• oneapi::mkl::rng::mt2203

• oneapi::mkl::rng::philox4x32x10
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• oneapi::mkl::rng::sobol

GPUdevices are supported for all distributions.

Note: Someof thedistributionsusedoubleprecision inside the implementations, sonotallGPUsaresupported
for them.

Refer toEngines andDistributions for more detailed descriptions of each routine.

GenerateRoutine

Use the oneapi::mkl::rng::generate routine to obtain random numbers from a given engine with proper
statistics of a given distribution.

oneapi::mkl::rng::generate

• Description

• API

Description

Entry point to obtain randomnumbers from a given enginewith proper statistics of a given distribution.

API

Syntax

BufferAPI

template<typename Distr, typename Engine>
void generate (const Distr& distr,
Engine& engine,
std::int64_t n,
sycl::buffer<typename Distr::result_type, 1>& r)

USMAPI

template<typename Distr, typename Engine>
sycl::event generate (const Distr& distr,
Engine& engine,
std::int64_t n,
typename Distr::result_type* r,
const std::vector<sycl::event> & dependencies)
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IncludeFiles

• oneapi/mkl/rng.hpp

InputParameters

Name Type Description
distr const Distr& Distribution object. SeeDistributions for details.
engine Engine& Engine object. SeeEngines for details.
n std::int64_t Number of random values to be generated.

Optional InputParameter forUSMAPI

Name Type Description
dependen-
cies

const std::vector <sycl::
event>&

Listofevents towait forbeforestartingcomputation,
if any.

OutputParameters

BufferAPI

Name Type Description
r sycl::buffer<typename Distr::result_type, 1> sycl::buffer r to the output vector.

USMAPI

Name Type Description
r typename Distr::

result_type
Pointer r to the output vector.

event sycl::event Function return event after submitting task in sycl::queue from
the engine.

oneapi::mkl::rng::generate submits a kernel into a queue that is held by the engine and fills sycl::
buffer/typename Distr::result_type * vector with n randomnumbers.
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Engines (BasicRandomNumberGenerators)

oneMKL RNG provides pseudorandom, quasi-random, and non-deterministic random number generators for
Data Parallel C++:

Routine Description
oneapi::mkl::rng::mrg32k3a Thecombinedmultiple recursivepseudorandomnumber gen-

erator MRG32k3a [L’Ecuyer99a]
oneapi::mkl::rng::philox4x32x10 Philox4x32-10 counter-basedpseudorandomnumber genera-

tor with a period of 2128 PHILOX4X32X10 [Salmon11]
oneapi::mkl::rng::mcg31m1 The 31-bit multiplicative congruential pseudorandom number

generatorMCG(1132489760, 232 -1) [L’Ecuyer99a]
oneapi::mkl::rng::r250 The 32-bit generalized feedback shift register pseudorandom

number generator GFSR(250,103) [Kirkpatrick81]
oneapi::mkl::rng::mcg59 The 59-bit multiplicative congruential pseudorandom num-

ber generator MCG(1313, 259) from NAG Numerical Libraries
[NAG]

oneapi::mkl::rng::wichmann_hill Wichmann-Hill pseudorandomnumber generator (a set of 273
basic generators) fromNAGNumerical Libraries [NAG]

oneapi::mkl::rng::mt19937 Mersenne Twister pseudorandom number generator
MT19937[Matsumoto98] with period length 219937-1 of the
produced sequence

oneapi::mkl::rng::mt2203 Set of 6024Mersenne Twister pseudorandom number gener-
ators MT2203 [Matsumoto98], [Matsumoto00]. Each of them
generates a sequenceof period lengthequal to22203-1. Param-
eters of the generators provide mutual independence of the
corresponding sequences.

oneapi::mkl::rng::sfmt19937 SIMD-orientedFastMersenneTwisterpseudorandomnumber
generator SFMT19937 [Saito08] with a period length equal to
219937-1 of the produced sequence.

oneapi::mkl::rng::sobol Sobol quasi-random number generator [Sobol76], [Brat-
ley88], which works in arbitrary dimension.

oneapi::mkl::rng::niederreiter Niederreiter quasi-random number generator [Bratley92],
which works in arbitrary dimension.

oneapi::mkl::rng::ars5 ARS-5 counter-based pseudorandom number generator with
a period of 2128, which uses instructions from the AES-NI set
ARS5 [Salmon11].

oneapi::mkl::rng::nondeterministic Non-deterministic random number generator (RDRAND-
based) [AVX], [IntelSWMan]

For some basic generators, oneMKL RNG provides two methods of creating independent states in multipro-
cessor computations, which are the leapfrogmethod and the block-splittingmethod. These sequence splitting
methods are also useful in sequential Monte Carlo. The description of these functions can be found in theSer-
viceRoutines section.

In addition, MT2203 pseudorandom number generator is a set of 6024 generators designed to create up to
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6024 independent random sequences, whichmight be used in parallel Monte Carlo simulations. Another gen-
erator thathas thesamefeature isWichmann-Hill. It allowscreatingupto273 independent randomstreams. The
properties of the generators designed for parallel computations are discussed in detail in [Coddington94].

SeeVSNotes for the detailed description.

oneapi::mkl::rng::mrg32k3a

• Description

• API

Description

The combinedmultiple recursive pseudorandomnumber generatorMRG32k3a [L’Ecuyer99a].

API

Syntax

class mrg32k3a {
public:

static constexpr std::uint32_t default_seed = 1;
mrg32k3a(sycl::queue queue, std::uint32_t seed = default_seed);
mrg32k3a(sycl::queue queue, std::initializer_list<std::uint32_t> seed);
mrg32k3a(const mrg32k3a& other);
mrg32k3a(mrg32k3a&& other);
mrg32k3a& operator=(const mrg32k3a& other);
mrg32k3a& operator=(mrg32k3a&& other);
~mrg32k3a();

};

Devices supported: CPU andGPU.

IncludeFiles

• oneapi/mkl/rng.hpp
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InputParameters

Name Type Description
queue sycl::queue Valid sycl::queue, calls of the oneapi::mkl::rng::

generate() routine submits kernels in this queue.
seed std::uint32_t std::

initializer_list<std::
uint32_t>

Initial conditions of the generator state or engine state.

SeeVSNotes for the detailed descriptions.

oneapi::mkl::rng::philox4x32x10

• Description

• API

Description

APhilox4x32-10 counter-based pseudorandomnumber generator [Salmon11].

API

Syntax

class philox4x32x10 {
public:

static constexpr std::uint64_t default_seed = 0;
philox4x32x10(sycl::queue queue, std::uint64_t seed = default_seed);
philox4x32x10(sycl::queue queue, std::initializer_list<std::uint64_t> seed);
philox4x32x10(const philox4x32x10& other);
philox4x32x10(philox4x32x10&& other);
philox4x32x10& operator=(const philox4x32x10& other);
philox4x32x10& operator=(philox4x32x10&& other);
~philox4x32x10();

};

Devices supported: CPU andGPU.
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IncludeFiles

• oneapi/mkl/rng.hpp

InputParameters

Name Type Description
queue sycl::queue Valid sycl::queue, calls of the oneapi::mkl::rng::

generate() routine submits kernels in this queue.
seed std::uint64_t std::

initializer_list<std::
uint64_t>

Initial conditions of the generator state or engine state.

SeeVSNotes for the detailed descriptions.

oneapi::mkl::rng::mcg31m1

• Description

• API

Description

The 31-bit multiplicative congruential pseudorandom number generator MCG(1132489760, 232-1)
[L’Ecuyer99a].

API

Syntax

class mcg31m1 {
public:

static constexpr std::uint32_t default_seed = 1;
mcg31m1(sycl::queue queue, std::uint32_t seed = default_seed);
mcg31m1(const mcg31m1& other);
mcg31m1(mcg31m1&& other);
mcg31m1& operator=(const mcg31m1& other);
mcg31m1& operator=(mcg31m1&& other);
~mcg31m1();

};

Devices supported: CPU andGPU.
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IncludeFiles

• oneapi/mkl/rng.hpp

InputParameters

Name Type Description
queue sycl::

queue
Valid sycl::queue, calls of the oneapi::mkl::rng::generate() routine sub-
mits kernels in this queue.

seed std::
uint32_t

Initial conditions of the engine.

SeeVSNotes for the detailed descriptions.

oneapi::mkl::rng::mcg59

• Description

• API

Description

The 59-bit multiplicative congruential pseudorandom number generator MCG(1313, 259) fromNAGNumerical
Libraries [NAG].

API

Syntax

class mcg59 {
public:

static constexpr std::uint64_t default_seed = 1;
mcg59(sycl::queue queue, std::uint64_t seed = default_seed);
mcg59(const mcg59& other);
mcg59(mcg59&& other);
mcg59& operator=(const mcg59& other);
mcg59& operator=(mcg59&& other);
~mcg59();

};

Devices supported: CPU andGPU.
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IncludeFiles

• oneapi/mkl/rng.hpp

InputParameters

Name Type Description
queue sycl::

queue
Valid sycl::queue, calls of oneapi::mkl::rng::generate() routine submit
kernels in this queue.

seed std::
uint64_t

Initial conditions of the engine.

SeeVSNotes for the detailed descriptions.

oneapi::mkl::rng::r250

• Description

• API

Description

The 32-bit generalized feedback shift register pseudorandom number generator GFSR(250,103) [Kirk-
patrick81].

API

Syntax

class r250 {
public:

static constexpr std::uint32_t default_seed = 1;
r250(sycl::queue queue, std::uint32_t seed = default_seed);
r250(sycl::queue queue, std::vector<std::uint32_t> seed);
r250(const r250& other);
r250(r250&& other);
r250& operator=(const r250& other);
r250& operator=(r250&& other);
~r250();

};

Devices supported: CPU.
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IncludeFiles

• oneapi/mkl/rng.hpp

InputParameters

Name Type Description
queue sycl::queue Valid sycl::queue, calls of oneapi::mkl::rng::

generate() routine submit kernels in this queue.
seed std::uint32_t std::

initializer_list<std::
uint32_t>

Initial conditions of the engine.

SeeVSNotes for the detailed descriptions.

oneapi::mkl::rng::wichmann_hill

• Description

• API

Description

Wichmann-Hill pseudorandomnumbergenerator (asetof273basicgenerators) fromNAGNumericalLibraries
[NAG].

API

Syntax

class wichmann_hill {
public:

static constexpr std::uint32_t default_seed = 1;
wichmann_hill(sycl::queue queue, std::uint32_t seed = default_seed);
wichmann_hill(sycl::queue queue, std::uint32_t seed, std::uint32_t engine_idx);
wichmann_hill(sycl::queue queue, std::initializer_list<std::uint32_t> seed);
wichmann_hill(sycl::queue queue, std::initializer_list<std::uint32_t> seed, std::uint32_t␣

↪→engine_idx);
wichmann_hill(const wichmann_hill& other);

(continues on next page)
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(continued from previous page)

wichmann_hill(wichmann_hill&& other);
wichmann_hill& operator=(const wichmann_hill& other);
wichmann_hill& operator=(wichmann_hill&& other);
~wichmann_hill();

};

Devices supported: CPU.

IncludeFiles

• oneapi/mkl/rng.hpp

InputParameters

Name Type Description
queue sycl::queue Valid sycl::queue, calls of oneapi::mkl::rng::

generate() routine submit kernels in this queue.
seed std::uint32_t std::

initializer_list<std::
uint32_t>

Initial conditions of the engine.

en-
gine_-
idx

std::uint32_t Index of the engine from the set (set contains 273 basic
generators)

SeeVSNotes for the detailed descriptions.

oneapi::mkl::rng::mt19937

• Description

• API

Description

Mersenne Twister pseudorandom number generator MT19937 [Matsumoto98] with period length 219937-1 of
the produced sequence.
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API

Syntax

class mt19937 {
public:

static constexpr std::uint32_t default_seed = 1;
mt19937(sycl::queue queue, std::uint32_t seed = default_seed);
mt19937(sycl::queue queue, std::initializer_list<std::uint32_t> seed);
mt19937(const mt19937& other);
mt19937(mt19937&& other);
mt19937& operator=(const mt19937& other);
mt19937& operator=(mt19937&& other);
~mt19937();

};

Devices supported: CPU andGPU.

IncludeFiles

• oneapi/mkl/rng.hpp

InputParameters

Name Type Description
queue sycl::queue Valid sycl::queue, calls of oneapi::mkl::rng::

generate() routine submit kernels in this queue.
seed std::uint32_t std::

initializer_list<std::
uint32_t>

Initial conditions of the engine.

SeeVSNotes for detailed descriptions.

oneapi::mkl::rng::sfmt19937

• Description

• API
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Description

SIMD-oriented FastMersenne Twister pseudorandomnumber generator SFMT19937 [Saito08]with a period
length equal to 219937-1 of the produced sequence.

API

Syntax

class sfmt19937 {
public:

static constexpr std::uint32_t default_seed = 1;
sfmt19937(sycl::queue queue, std::uint32_t seed = default_seed);
sfmt19937(sycl::queue queue, std::initializer_list<std::uint32_t> seed);
sfmt19937(const sfmt19937& other);
sfmt19937(sfmt19937&& other);
sfmt19937& operator=(const sfmt19937& other);
sfmt19937& operator=(sfmt19937&& other);
~sfmt19937();

};

Devices supported: CPU.

IncludeFiles

• oneapi/mkl/rng.hpp

InputParameters

Name Type Description
queue sycl::queue Valid sycl queue, calls of oneapi::mkl::rng::

generate() routine submit kernels in this queue.
seed std::uint32_t std::

initializer_list<std::
uint32_t>

Initial conditions of the engine.

SeeVSNotes for the detailed descriptions.
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oneapi::mkl::rng::mt2203

• Description

• API

Description

Setof6024MersenneTwisterpseudorandomnumbergeneratorsMT2203 [Matsumoto98], [Matsumoto00].
Each of them generates a sequence of period length equal to 22203-1. Parameters of the generators provide
mutual independence of the corresponding sequences.

API

Syntax

class mt2203 {
public:

static constexpr std::uint32_t default_seed = 1;
mt2203(sycl::queue queue, std::uint32_t seed = default_seed);
mt2203(sycl::queue queue, std::uint32_t seed, std::uint32_t engine_idx);
mt2203(sycl::queue queue, std::initializer_list<std::uint32_t> seed);
mt2203(sycl::queue queue, std::initializer_list<std::uint32_t> seed, std::uint32_t engine_

↪→idx);
mt2203(const mt2203& other);
mt2203(mt2203&& other);
mt2203& operator=(const mt2203& other);
mt2203& operator=(mt2203&& other);
~mt2203()

};

Devices supported: CPU andGPU.

IncludeFiles

• oneapi/mkl/rng.hpp
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InputParameters

Name Type Description
queue sycl::queue Valid sycl::queue, calls of oneapi::mkl::rng::

generate() routine submit kernels in this queue.
seed std::uint32_t std::

initializer_list<std::
uint32_t>

Initial conditions of the engine.

en-
gine_-
idx

std::uint32_t Indexof theengine fromtheset (setcontains6024basic
generators).

SeeVSNotes for the detailed descriptions.

oneapi::mkl::rng::ars5

• Description

• API

Description

ARS-5 counter-basedpseudorandomnumber generatorwith a period of 2128, which uses instructions from the
AES-NI set ARS5 [Salmon11].

API

Syntax

class ars5 {
public:

static constexpr std::uint64_t default_seed = 0;
ars5(sycl::queue queue, std::uint64_t seed = default_seed);
ars5(sycl::queue queue, std::initializer_list<std::uint64_t> seed);
ars5(const ars5& other);
ars5(ars5&& other);
ars5& operator=(const ars5& other);
ars5& operator=(ars5&& other);
~ars5();

};

Devices supported: CPU.
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IncludeFiles

• oneapi/mkl/rng.hpp

InputParameters

Name Type Description
queue sycl::queue Valid sycl::queue, calls of oneapi::mkl::rng::

generate() routine submit kernels in this queue.
seed std::uint64_t std::

initializer_list<std::
uint64_t>

Initial conditions of the engine.

SeeVSNotes for the detailed descriptions.

oneapi::mkl::rng::sobol

• Description

• API

Description

Sobol quasi-randomnumber generator [Sobol76], [Bratley88], which works in arbitrary dimension.

API

Syntax

class sobol {
public:

static constexpr std::uint32_t default_dimensions_number = 1;
sobol(sycl::queue queue, std::uint32_t dimensions = default_dimensions_number);
sobol(sycl::queue queue, std::vector<std::uint32_t>& direction_numbers);
sobol(const sobol& other);
sobol(sobol&& other);
sobol& operator=(const sobol& other);
sobol& operator=(sobol&& other);
~sobol();

};

Devices supported: CPU andGPU.
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IncludeFiles

• oneapi/mkl/rng.hpp

InputParameters

Name Type Description
queue sycl::queue Valid sycl::queue, calls of oneapi::mkl::rng::generate()

routine submit kernels in this queue.
dimensions std::uint32_t Number of dimensions.
direction_-
numbers

std::vector<std::
uint32_t>

User-defined direction numbers.

SeeVSNotes for the detailed descriptions.

oneapi::mkl::rng::niederreiter

• Description

• API

Description

Niederreiter quasi-randomnumber generator [Bratley92], which works in arbitrary dimension.

API

Syntax

class niederreiter {
public:

static constexpr std::uint32_t default_dimensions_number = 1;
niederreiter(sycl::queue queue, std::uint32_t dimensions = default_dimensions_number);
niederreiter(sycl::queue queue, std::vector<std::uint32_t>& irred_polynomials);
niederreiter(const niederreiter& other);
niederreiter(niederreiter&& other);
niederreiter& operator=(const niederreiter& other);
niederreiter& operator=(niederreiter&& other);
~niederreiter();

};

Devices supported: CPU.
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IncludeFiles

• oneapi/mkl/rng.hpp

InputParameters

Name Type Description
queue sycl::queue Valid sycl::queue, calls of oneapi::mkl::rng::generate()

routine submit kernels in this queue.
dimensions std::uint32_t Number of dimensions.
irred_poly-
nomials

std::vector<std::
uint32_t>

User-defined direction numbers.

SeeVSNotes for the detailed descriptions.

oneapi::mkl::rng::nondeterministic

• Description

• API

Description

Non-deterministic randomnumber generator (RDRAND-based) [AVX], [IntelSWMan].

API

Syntax

class nondeterministic {
public:

nondeterministic(sycl::queue queue);
nondeterministic(const nondeterministic& other);
nondeterministic(nondeterministic&& other);
nondeterministic& operator=(const nondeterministic& other);
nondeterministic& operator=(nondeterministic&& other);
~nondeterministic();

};

Devices supported: CPU.
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IncludeFiles

• oneapi/mkl/rng.hpp

InputParameters

Name Type Description
queue sycl::queue Valid sycl::queue, calls of oneapi:

:mkl::rng::generate() routine
submits kernels in this queue.

SeeVSNotes for the detailed descriptions.

ServiceRoutines

Routine Description
oneapi::mkl::rng::leapfrog Proceed state of engine by the leapfrog method to

generate a subsequence of the original sequence
oneapi::mkl::rng::skip_ahead Proceed state of engine by the skip-ahead method

to skip a given number of elements from the original
sequence

oneapi::mkl::rng::save_state Functionality to save the engine state in binary for-
mat to the file ormemory buffer

oneapi::mkl::rng::load_state Functionality to load thestateof the randomnumber
engine from theprovidedmemorybufferor file, then
creates new engine object

oneapi::mkl::rng::get_state_size Function to get the size in bytes which is needed to
store the state of randomnumber engine

oneapi::mkl::rng::leapfrog

Proceed state of engine using the leapfrogmethod.

• Description

• API

931



Intel® oneAPIMath Kernel Library

Description

The oneapi::mkl::rng::leapfrog function generates random numbers in an engine with non-unit stride.
This feature is particularly useful in distributing random numbers from the original stream across the stride
buffers without generating the original random sequencewith subsequentmanual distribution.

Oneof the important applications of the leapfrogmethod is splitting theoriginal sequence into non-overlapping
subsequences across stride computational nodes. The function initializes the original random stream (see
the following figure) to generate randomnumbers for the computational node idx, 0 ≤idx < stride, where
stride is the largest number of computational nodes used.

LeapfrogMethod

Fig. 9: LeapfrogMethod

The leapfrogmethod is supported only for those basic generators that allow splitting elements by the leapfrog
method,which ismoreefficient thansimplygenerating thembyageneratorwithsubsequentmanualdistribution
across computational nodes. SeeVSNotes for details.

The following code illustrates the initialization of three independent streams using the leapfrogmethod:

Code for LeapfrogMethod

1 // Creating 3 identical engines
2 mkl::rng::mcg31m1 engine_1(queue, seed);
3

4

5 mkl::rng::mcg31m1 engine_2(engine_1);
6 mkl::rng::mcg31m1 engine_3(engine_1);
7

8

9 // Leapfrogging the states of engines
10 mkl::rng::leapfrog(engine_1, 0 , 3);

(continues on next page)
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(continued from previous page)

11 mkl::rng::leapfrog(engine_2, 1 , 3);
12 mkl::rng::leapfrog(engine_3, 2 , 3);
13 // Generating random numbers
14 ...

API

Syntax

template<typename Engine>
void leapfrog (Engine& engine,
std::uint64_t idx,
std::uint64_t stride)

IncludeFiles

• oneapi/mkl/rng.hpp

InputParameters

Name Type Description
engine Engine Object of engine class, which supports leapfrog.
idx std::uint64_t Index of the computational node.
stride std::uint64_t Largest number of computational nodes, or stride.

oneapi::mkl::rng::skip_ahead

Proceeds thestateof theengineusing theskip-aheadmethod. Theoneapi::mkl::rng::skip_ahead function
supports the following interfaces to apply the skip-aheadmethod:

• Common interface

• Interfacewith a partitioned number of skipped elements

• Description

• API
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Description

The oneapi::mkl::rng::skip_ahead function skips a given number of elements in a random sequence pro-
vided by engine. This feature is particularly useful in distributing random numbers from original engine across
different computational nodes. If the largest number of random numbers used by a computational node is
num_to_skip, then the original random sequence may be split by oneapi::mkl::rng::skip_ahead into non-
overlapping blocks of num_to_skip size so that each block corresponds to the respective computational node.
The number of computational nodes is unlimited. Thismethod is known as the block-splittingmethod or as the
skip-aheadmethod (see the following figure).

Block-SplittingMethod

Fig. 10: Block-SplittingMethod

The skip-ahead method is supported only for those basic generators that allow skipping elements by the skip-
aheadmethod, which ismore efficient than simply generating thembygeneratorwith subsequentmanual skip-
ping. SeeVSNotes for details.

Please note that for quasi-random basic generators the skip-ahead method works with components of quasi-
random vectors rather than with whole quasi-random vectors. Therefore, to skip NS quasi-random vectors, set
the num_to_skip parameter equal to the num_to_skip *dim, where dim is the dimension of the quasi-random
vector.

When the number of skipped elements is greater than 263 the interface with the partitioned number of skipped
elements is used.

Prior calls to the function represent the number of skipped elements with the list of size n as shown below:

num_to_skip[0]+ num_to_skip[1]*264+ num_to_skip[2]* 2128+ … +num_to_skip[n-1]*264*(n-1) ;

When the number of skipped elements is less than 263 both interfaces can be used.

The following code illustrates how to initialize three independent streams using the oneapi::mkl::rng::
skip_ahead function:
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Code forBlock-SplittingMethod

1 ...
2 // Creating 3 identical engines
3 oneapi::mkl::rng::mcg31m1 engine_1(queue, seed);
4 oneapi::mkl::rng::mcg31m1 engine_2(engine_1);
5 oneapi::mkl::rng::mcg31m1 engine_3(engine_2);
6

7

8 // Skipping ahead by 7 elements the 2nd engine
9 oneapi::mkl::rng::skip_ahead(engine_2, 7);
10

11

12 // Skipping ahead by 14 elements the 3nd engine
13 oneapi::mkl::rng::skip_ahead(engine_3, 14);
14 ...

Code forBlock-SplittingMethodwithPartitionedNumber of Elements

1 // Creating first engine
2 oneapi::mkl::rng::mrg32k3a engine_1(queue, seed);
3

4

5 // To skip 2^64 elements in the random stream number of skipped elements should be
6 /represented as num_to_skip = 2^64 = 0 + 1 * 2^64
7 std::initializer_list<std::uint64_t> num_to_skip = {0, 1};
8

9

10

11

12 // Creating the 2nd engine based on 1st. Skipping by 2^64
13 oneapi::mkl::rng::mrg32k3a engine_2(engine_1);
14 oneapi::mkl::rng::skip_ahead(engine_2, num_to_skip);
15

16

17 // Creating the 3rd engine based on 2nd. Skipping by 2^64
18 oneapi::mkl::rng::mrg32k3a engine_3(engine_2);
19 oneapi::mkl::rng::skip_ahead(engine_3, num_to_skip);
20 ...
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API

Syntax

Common Interface

template<typename Engine>
void skip_ahead (Engine& engine, std::uint64_t num_to_skip)

InterfacewithPartitionedNumber ofSkippedElements

template<typename Engine>
void skip_ahead (Engine& engine, std::initializer_list<std::uint64_t> num_to_skip)

IncludeFiles

• oneapi/mkl/rng.hpp

InputParameters

Common Interface

Name Type Description
engine Engine Object of engine class, which supports the block-splittingmethod.
num_to_skip std::uint64_t Number of skipped elements.

InterfacewithPartitionedNumber ofSkippedElements

Name Type Description
engine Engine Object of engine class, which supports the block-

splittingmethod.
num_to_-
skip

std::initializer_list<std::
uint64_t>

Partitioned number of skipped elements.

oneapi::mkl::rng::save_state

Writes state of the randomnumber engine to the file ormemory buffer.

• Description

• API
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Description

The oneapi::mkl::rng::save_state function allows you to store the state of the random number engine in
the binary format in a file ormemory buffer.

API

Syntax

Save toMemory Interface

template<typename Engine>
void save_state (Engine& engine,
std::uint8_t* mem);

Save toFile Interface

template<typename Engine>
void save_state (Engine& engine,
const std::string& filename);

IncludeFiles

• oneapi/mkl/rng.hpp

InputParameters

Save toMemory Interface

Name Type Description
engine Engine& Object of engine class, which state would be saved.
mem std::

uint8_-
t*

Memory, which you allocate to store the engine’s state. To check the size of mem-
ory in bytes needed for the particular engine, use the oneapi::mkl::rng::get_-
state_size function.

Save toFile Interface

Name Type Description
engine Engine& Object of engine class, which state would be saved.
filename const std::string& Name of the file where the engine’s state would bewritten.
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oneapi::mkl::rng::load_state

Loads the state of the randomnumber engine from theprovidedmemory buffer or file, then creates newengine
object.

• Description

• API

Description

Theoneapi::mkl::rng::load_state function allowsyou to create anew randomnumber engineobject from
the binary state of another engine, which was written in a memory buffer or file. You can use different sycl::
queue objects for the new engine.

API

Syntax

Load fromMemory Interface

template<typename Engine>
Engine load_state (const sycl::queue& queue,
const std::uint8_t* mem);

Load fromFile Interface

template<typename Engine>
Engine load_state (const sycl::queue& queue,
const std::string& filename);

IncludeFiles

• oneapi/mkl/rng.hpp

InputParameters

Load fromMemory Interface
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Name Type Description
queue const sycl::queue&

queue
sycl::queueobject, whichwill beused for thenewly-createden-
gine.

mem const std::uint8_t* Memory, where engine’s state was stored.

Load fromFile Interface

Name Type Description
queue const sycl::queue&

queue
sycl::queue object, which will be used for the newly-created
engine.

file-
name

const std::string& Name of the file where engine’s state waswritten.

OutputParameters

Type Description
Engine New random number engine object, which would be created from the given sycl::queue and

loaded engine’s state.

The followingcode illustrates how to store the engine’s state to the engine_state.dat file and load it
back:

Code forSave/Load state functionality

1 // Creating GPU engine
2 oneapi::mkl::rng::default_engine engine(gpu_queue);
3

4 // Saving state of engine in the file
5 oneapi::mkl::rng::save_state(engine, "engine_state.dat");
6

7 // Generating random numbers from the GPU engine
8 oneapi::mkl::rng::generate(oneapi::mkl::rng::uniform{}, engine, n, r1);
9

10 // Loading state for the CPU queue
11 auto engine_2 = oneapi::mkl::rng::load_state<oneapi::mkl::rng::default_engine>(cpu_queue,

↪→"engine_state.dat");
12

13 // Generating random numbers from the CPU engine
14 oneapi::mkl::rng::generate(oneapi::mkl::rng::uniform{}, engine_2, n, r2);

939



Intel® oneAPIMath Kernel Library

oneapi::mkl::rng::get_state_size

Returns the size in bytes which is needed to store the state of a given randomnumber engine.

• Description

• API

Description

The oneapi::mkl::rng::get_state_size function allows you to know the amount of memory needed for
storing the engine’s state inmemory.

API

Syntax

template<typename Engine>
std::int64_t get_state_size (Engine& engine);

IncludeFiles

• oneapi/mkl/rng.hpp

InputParameters

Name Type Description
engine Engine& Randomnumber engine object, which state size would be calculated.

OutputParameters

Type Description
std::int64_t Size of the given engine’s state in bytes.

The following code illustrates how to use the oneapi::mkl::rng::get_state_size function to store the en-
gine’s state tomemory:
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Code forSave/Load state functionality

1 // Creating GPU engine
2 oneapi::mkl::rng::default_engine engine(gpu_queue);
3

4 // Checking how much memory is required to save
5 auto mem_size = oneapi::mkl::rng::get_state_size(engine);
6

7 // Allocating memory buffer
8 std::uint8_t* mem_buf = new std::uint8_t[mem_size];
9

10 // Saving state of engine in the file
11 oneapi::mkl::rng::save_state(engine, mem_buf);
12

13 // Generating random numbers from the GPU engine
14 oneapi::mkl::rng::generate(oneapi::mkl::rng::uniform{}, engine, n, r1);
15

16 // Loading state for the CPU queue
17 auto engine_2 = oneapi::mkl::rng::load_state<oneapi::mkl::rng::default_engine>(cpu_queue,␣

↪→mem_buf);
18

19 // Generating random numbers from the CPU engine
20 oneapi::mkl::rng::generate(oneapi::mkl::rng::uniform{}, engine_2, n, r2);
21

22 // Cleaning up memory buffer
23 delete[] mem_buf;

Distributions

• Modes of RandomNumberGeneration

oneMKLRNGroutines are used togenerate randomnumberswith different typesof distribution. Each function
group is introduced below by the type of underlying distribution and contains a short description of its func-
tionality, as well as specifications of the call sequence and the explanation of input and output parameters. The
following tables list the random number generator routines with data types and output distributions, and sets
correspondence between data types of the generator routines and the basic randomnumber generators.

Type of Distribution Data Types BRNG Data
Type

Description

oneapi::mkl::rng::uniform (Continuous) s, d s, d Uniform continuous distribu-
tion on the interval [a,b)

oneapi::mkl::rng::gaussian s, d s, d Normal (Gaussian) distribu-
tion

oneapi::mkl::rng::gaussian_mv s, d s, d Normal (Gaussian) multivari-
ate distribution

continues on next page
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Table 27 – continued from previous page
Type of Distribution Data Types BRNG Data

Type
Description

oneapi::mkl::rng::exponential s, d s, d Exponential distribution
oneapi::mkl::rng::laplace s, d s, d Laplace distribution (double

exponential distribution)
oneapi::mkl::rng::weibull s, d s, d Weibull distribution
oneapi::mkl::rng::cauchy s, d s, d Cauchy distribution
oneapi::mkl::rng::rayleigh s, d s, d Rayleigh distribution
oneapi::mkl::rng::lognormal s, d s, d Lognormal distribution
oneapi::mkl::rng::gumbel s, d s, d Gumbel (extreme value) dis-

tribution
oneapi::mkl::rng::gamma s, d s, d Gamma distribution
oneapi::mkl::rng::gamma s, d s, d Beta distribution
oneapi::mkl::rng::chi_square s, d s, d Chi-Square distribution

Type of Distribution Data
Types

BRNG Data Type Description

oneapi::mkl::rng::uniform (Discrete) i GPU:
s for oneapi::mkl::
rng::uniform_method:
:standard,
d for oneapi::mkl::rng::
method::accurate
CPU:
d for bothmethods

Uniform discrete
distribution on the
interval [a,b)

oneapi::mkl::rng::uniform_bits i i Uniformly dis-
tributed bits in
32-bit chunks

i i Uniformly dis-
tributed bits in
64-bit chunks

oneapi::mkl::rng::bits i i Bits of underlying
BRNG integer re-
currence

oneapi::mkl::rng::bernoulli i s Bernoulli distribu-
tion

oneapi::mkl::rng::geometric i s Geometric distri-
bution

oneapi::mkl::rng::binomial i d Binomial distribu-
tion

oneapi::mkl::rng::hypergeometric i d Hypergeometric
distribution

continues on next page
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Table 28 – continued from previous page
Type of Distribution Data

Types
BRNG Data Type Description

oneapi::mkl::rng::poisson i s (for ) oneapi::mkl::
rng::poisson_method::
gaussian_icdf_based s
(for distribution parameter
λ ≥ 27) and d (for λ < 27)
(for oneapi::mkl::rng::
poisson_method::ptpe)

Poisson distribu-
tion

oneapi::mkl::rng::poisson_v i d Poisson distribu-
tion with varying
mean

oneapi::mkl::rng::negative_binomial i d Negative binomial
distribution, or
Pascal distribu-
tion

oneapi::mkl::rng::multinomial i CPU - sGPU - d Multinomial distri-
bution

ModesofRandomNumberGeneration

The library provides two modes of random number generation, accurate and fast. Accurate generation mode
is intended for the applications that are highly demanding to accuracy of calculations. When used in thismode,
the generators produce random numbers lying completely within definitional domain for all values of the distri-
bution parameters. For example, random numbers obtained from the generator of continuous distribution that
is uniformon interval [a,b] belong to this interval irrespective ofwhat a and b valuesmaybe. Fastmodeprovides
highperformanceof generation andalsoguarantees that generated randomnumbersbelong to thedefinitional
domain except for some specific values of distribution parameters. The generation mode is set by specifying
relevant value of the method parameter in generator routines. List of distributions that support accurate mode
of generation is given in the table below.

Distribution Distribution Method
oneapi::mkl::rng::uniform (Discrete) oneapi::mkl::rng::unform_method::accurate
oneapi::mkl::rng::exponential oneapi::mkl::rng::exponential_method::icdf_-

accurate
oneapi::mkl::rng::weibull oneapi::mkl::rng::weibull_method::icdf_accurate
oneapi::mkl::rng::rayleigh oneapi::mkl::rng::rayleigh_method::icdf_accurate
oneapi::mkl::rng::lognormal oneapi::mkl::rng::lognormal_method::icdf_accurate

oneapi::mkl::rng::lognormal_method::box_muller2_-
accurate

oneapi::mkl::rng::gamma oneapi::mkl::rng::gamma_method::marsaglia_-
accurate

oneapi::mkl::rng::gamma oneapi::mkl::rng::beta_method::cja_accurate
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DistributionsTemplateParameterMethod

Method Type Distributions Math Description
uniform_method::standard
uniform_method::accurate

uniform Standard method. Currently there is
only one method for these functions.
uniform_method::accurate checks
for additional s and d data types. For
integer data types, it uses d as a BRNG
data type (s BRNG data type is used in
uniform_method::standard method
onGPU).

gaussian_method::box_muller gaussian Generates normally distributed random
number x thru the pair of uniformly dis-
tributed numbers u1 and u2 according to
the formula: x =

√
−2 lnu1 sin 2πu2

gaussian_method::box_muller2 gaussian Generates normally distributed ran-
dom numbers x1 and x2 thru the
pair of uniformly distributed num-
bers u1 and u2 according to the
formulas: x1 =

√
−2 lnu1 sin 2πu2

x2 =
√
−2 lnu1 cos 2πu2 Lognormal

distribution: generated normally dis-
tributed random numbers x1 and x2 are
converted to lognormal distribution.

gaussian_method::icdf geometric_-
method::icdf

gaussian
geometric

Inverse cumulative distribution function
(ICDF)method.

exponential_method::icdf
exponential_method::icdf_-
accurate

exponential Inverse cumulative distribution function
(ICDF)method.

weibull_method::icdf
weibull_method::icdf_accurate

weibull Inverse cumulative distribution function
(ICDF)method.

cauchy_method::icdf cauchy Inverse cumulative distribution function
(ICDF)method.

rayleigh_method::icdf
rayleigh_method::icdf_accurate

rayleigh Inverse cumulative distribution function
(ICDF)method.

lognormal_method::icdf
lognormal_method::icdf_accurate

lognormal Inverse cumulative distribution function
(ICDF)method.

lognormal_method::box_muller2
lognormal_method::box_muller2_-
accurate

lognormal Normally distributed randomnumbers x1
and x2 are produced through the pair
of uniformly distributed numbers u1 and
u2 according to the formulas: x1 =
−2 lnu1 sin 2πu2 x2 = −2 lnu1 cos 2πu2
Then x1 and x2 are converted to lognor-
mal distribution.

continues on next page
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Table 30 – continued from previous page
Method Type Distributions Math Description
gumbel_method::icdf gumbel Inverse cumulative distribution function

(ICDF)method.
bernoulli_method::icdf bernoulli Inverse cumulative distribution function

(ICDF)method.
gamma_method::marsaglia gamma_-
method::marsaglia_accurate

gamma For α > 1, a gamma distributed random
number is generated as a cube of prop-
erly scaled normal random number; for
0.6 ≤α < 1, a gamma distributed ran-
dom number is generated using rejec-
tion fromWeibull distribution; for α < 0.
6, a gamma distributed random number
is obtained using transformation of ex-
ponential power distribution; for α = 1,
gamma distribution is reduced to expo-
nential distribution.

beta_method::cja
beta_method::cja_accurate

beta Cheng-Johnk-Atkinson method. For
min(p, q) > 1, Chengmethod is used;
for min(p, q) < 1, Johnk method
is used, if q + K·p2+ C≤ 0 (K = 0.
852..., C=-0.956...) otherwise,
Atkinson switching algorithm is used;
for max(p, q) < 1, method of Johnk
is used; for min(p, q) < 1, max(p,
q)> 1, Atkinson switching algorithm is
used (CJA stands for Cheng, Johnk,
Atkinson); for p = 1or q = 1, inverse
cumulative distribution function method
is used; for p = 1 and q = 1, beta distri-
bution is reduced to uniformdistribution.

chi_square_method::gamma_based chi_square (most common): If ν ≥ 17 or � is odd
and 5 ≤ ν ≤ 15, a chi-square distribu-
tion is reduced to a Gamma distribution
with these parameters: Shape α = ν /
2 Offset a = 0 Scale factor β = 2. The
randomnumbersof theGammadistribu-
tion are generated.

gaussian_mv_method::box_muller
gaussian_mv_method::box_muller2
gaussian_mv_method::icdf

gaussian_mv BoxMullermethod formultivariateGaus-
sian distribution. BoxMuller_2 method
for multivariate Gaussian distribution. In-
verse cumulative distribution function
(ICDF)method.

continues on next page
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Table 30 – continued from previous page
Method Type Distributions Math Description
binomial_method::btpe binomial Acceptance/rejection method for

ntrial·min(p, 1p) ≥ 30with decom-
position into four regions:
Two parallelograms
Triangle
Left exponential tail
Right exponenetial tail

poisson_method::ptpe poisson Acceptance/rejectionmethod for λ≥ 27
with decomposition into four regions:
Two parallelograms
Triangle
Left exponential tail
Right exponenetial tail

poisson_method::gaussian_-
icdf_based poisson_v_method::
gaussian_icdf_based

poisson
poisson_v

for λ≥ 1, method based on Poisson in-
verse CDF approximation by Gaussian
inverse CDF; for λ < 1, table lookup
method is used.

hypergeometric_method::h2pe hypergeometric Acceptance/rejection method for large
mode of distributionwith decomposition
into three regions:
Rectangular
Left exponential tail
Right exponential tail

negative_binomial_method::nbar negative_-
binomial

Acceptance/rejection method for:
(a−1)·(1−p)

p ≥ 100with decomposition
into five regions:
Rectangular
(2) trapezoid
Left exponential tail
Right exponential tail

multinomial_method::poisson_-
icdf_based

multinomial Multinomial distribution with parameters
m, k, and a probability vector p. Random
numbers of the multinomial distribution
are generated by Poisson Approxima-
tionmethod.
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oneapi::mkl::rng::uniform (Continuous)

Generates randomnumbers with uniform distribution.

• Description

• API

Description

The class object is used in oneapi::mkl::rng::generate function to provide randomnumbers uniformly dis-
tributed over the interval [a, b), where a, b are the left and right bounds of the interval, respectively, and a, b∈R ; a
< b.

The probability density function is given by:

Fa,b(x) =

{
1

b−a , x ∈ [a, b)

1, x /∈ [a, b)
,−∞ < x < +∞

The cumulative distribution function is as follows:

Fa,b(x) =


0, x < a
x−a
b−a , a ≤ x < b

1, x ≥ b

,−∞ < x < +∞

API

Syntax

template<typename Type = float, typename Method = uniform_method::by_default>
class uniform {public:
using method_type = Method;
using result_type = Type;
uniform(): uniform(static_cast<Type>(0.0),
static_cast<Type>(1.0));
explicit uniform(Type a, Type b);
explicit uniform(const param_type& pt);
Type a() const;
Type b() const;
param_type param() const;
void param(const param_type& pt);
};

Devices supported: CPU andGPU.
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IncludeFiles

• oneapi/mkl/rng.hpp

TemplateParameters

typename Type =
float

Type of the produced values. The specific values are as follows:
float
double

typename Method =
oneapi::mkl::rng:
:uniform_method::
by_default

Generation method. The specific values are as follows: oneapi::mkl::
rng::uniform_method::standard oneapi::mkl::rng::uniform_method:
:accurate
See brief descriptions of the methods in Distributions Template Parameter
Method

InputParameters

Name Type Description
a Type (float, double) Left bound a
b Type (float, double) Right bound b

oneapi::mkl::rng::gaussian

Generates normally distributed randomnumbers.

• Description

• API

Description

The class object is used in oneapi::mkl::rng::generate function to provide random numbers with normal
(Gaussian) distribution withmean (a) and standard deviation (stddev, σ), where a, σ ∈ R ; σ > 0.

The probability density function is given by:

fa,σ(x) =
1

σ
√
2π

exp
(
−(y − a)2

2σ2

)
dy,−∞ < x < +∞
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The cumulative distribution function is as follows:

Fa,σ(x) =

∫ x

−∞

1

σ
√
2π

exp
(
−(y − a)2

2σ2

)
dy,−∞ < x < +∞

Thecumulativedistribution functionFa, σ(x)canbeexpressed in termsof standardnormal distributionϕ(x) as
Fa, σ(x) = ϕ( (x− a) /σ)

API

Syntax

template<typename RealType = float, typename Method = gaussian_method::by_default>
class gaussian {
public:
using method_type = Method;
using result_type = RealType;
gaussian(): gaussian(static_cast<RealType>(0.0), static_cast<RealType>(1.0));
explicit gaussian(RealType mean, RealType stddev);
explicit gaussian(const param_type& pt);
RealType mean() const;
RealType stddev() const;
param_type param() const;
void param(const param_type& pt);
};

Devices supported: CPU andGPU.

IncludeFiles

• oneapi/mkl/rng.hpp

TemplateParameters

Name Description
typename RealType
= float

Type of the produced values. The specific values are as follows: float double

typename Method
= ``oneapi::mkl:
:rng::gaussian_-
method::by_-
default

Generation method. The specific values are as follows: oneapi::mkl::rng::
gaussian_method::box_muller oneapi::mkl::rng::gaussian_method::
box_muller2 oneapi::mkl::rng::gaussian_method::icdf
See brief descriptions of the methods in Distributions Template Parameter
Method.
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InputParameters

Name Type Description
mean RealType (float, double) Mean value a.
stddev RealType (float, double) Standard deviation σ.

oneapi::mkl::rng::exponential

Generates exponentially distributed randomnumbers.

• Description

• API

Description

The oneapi::mkl::rng::exponential class object is used in oneapi::mkl::rng::generate function to
provide random numbers with exponential distribution that has displacement a and scalefactor β, where a, β ∈
R;β > 0.

The probability density function is given by:

Fa,β(x) =

{
1
β exp(−

(x−a)
β ), x ≥ a

0, x < a
,−∞ < x < +∞

The cumulative distribution function is as follows:

Fa,β(x) =

{
1− exp(− (x−a)

β ), x ≥ a

0, x < a
,−∞ < x < +∞

Product and Performance Information
Performance varies by use, configuration and other factors. Learn more at https://www.intel.com/
PerformanceIndex. Notice revision #20201201

API

Syntax
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template<typename RealType = float, typename Method = exponential_method::by_default>
class exponential {
public:
using method_type = Method;
using result_type = RealType;
exponential(): exponential((RealType)0.0, (RealType)1.0){}
explicit exponential(RealType mean, RealType stddev);
explicit exponential(const param_type& pt);
RealType a() const;
RealType beta() const;
param_type param() const;
void param(const param_type& pt);

};

Devices supported: CPU andGPU.

IncludeFiles

• oneapi/mkl/rng.hpp

TemplateParameters

typename RealType =
float

Type of the produced values. The specific values are as follows:
float
double

typename Method =
oneapi::mkl::rng::
exponential_method::
by_default

Generationmethod. The specific values are as follows:
oneapi::mkl::rng::exponential_method::icdf
oneapi::mkl::rng::exponential_method::icdf_accurate
See brief descriptions of the methods in Distributions Template Parameter
Method.

InputParameters

Name Type Description
a RealType (float, double) Displacement a.
beta RealType (float, double) Scalefactor β.
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oneapi::mkl::rng::laplace

Generates randomnumbers with Laplace distribution.

• Description

• API

Description

The oneapi::mkl::rng::laplace class object is used in the oneapi::mkl::rng::generate function to pro-
vide random numbers with Laplace distribution with mean value (or average) a and scalefactor ( b, β), where
a, β ∈ R;β > 0. The scalefactor value determines the standard deviation as

σ = β
√
2

The probability density function is given by:

Fa,β(x) =
1√
2β

exp
(
−|x− a|

β

)
,−∞ < x < +∞

The cumulative distribution function is as follows:

Fα,β(x) =


1
2 exp

(
− |x−α|

β

)
, x ≥ α

1− 1
2 exp

(
− |x−α|

β

)
, x < α

,−∞ < x < +∞

Product and Performance Information
Performance varies by use, configuration and other factors. Learn more at https://www.intel.com/
PerformanceIndex. Notice revision #20201201

API

Syntax

template<typename RealType = float, typename Method = laplace_method::by_default>
class laplace {
public:
using method_type = Method;
using result_type = RealType;
laplace(): laplace((RealType)0.0, (RealType)1.0){}
explicit laplace(RealType a, RealType b);
explicit laplace(const param_type& pt);
RealType a() const;

(continues on next page)
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(continued from previous page)

RealType b() const;
param_type param() const;
void param(const param_type& pt);
};

Devices supported: CPU andGPU.

IncludeFiles

• oneapi/mkl/rng.hpp

TemplateParameters

typename RealType =
float

Type of the produced values. The specific values are as follows:
float
double

typename Method =
oneapi::mkl::rng::
laplace_method::by_-
default

Generation method. The specific values are as follows: oneapi::mkl::
rng::laplace_method::icdf
See brief descriptions of the methods inDistributions Template Param-
eterMethod

InputParameters

Name Type Description
a RealType (float, double) Mean value a.
b RealType (float, double) Scalefactor b.

oneapi::mkl::rng::weibull

GeneratesWeibull distributed randomnumbers.

• Description

• API
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Description

The oneapi::mkl::rng::weibull class object is used in the oneapi::mkl::rng::generate function to pro-
vide Weibull distributed random numbers with displacement a, scalefactor β, and shape α, where α, β, a ∈
R;α > 0, β > 0.

The probability density function is given by:

Fa,α,β(x) =

{
α
βα (x− a)α−1 exp

(
−
(
x−a
β

)α)
, x ≥ a

0, x < a

The cumulative distribution function is as follows:

Fa,α,β(x) =

{
1− exp

(
−
(
x−a
β

)α)
, x ≥ a

0, x < a
,−∞ < x < +∞

Product and Performance Information
Performance varies by use, configuration and other factors. Learn more at https://www.intel.com/
PerformanceIndex. Notice revision #20201201

API

Syntax

namespace oneapi::mkl::rng {
template<typename RealType = float, typename Method = weibull_method::by_default>
class weibull {
public:

using method_type = Method;
using result_type = RealType;
weibull(): weibull((Real_Type)1.0, (RealType)0.0, (RealType)1.0){}
explicit weibull(RealType alpha, RealType a, RealType beta);
explicit weibull(const param_type& pt);
RealType alpha() const;
RealType a() const;
RealType beta() const;
param_type param() const;
void param(const param_type& pt);

};
}

Devices supported: CPU andGPU.
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IncludeFiles

• oneapi/mkl/rng.hpp

TemplateParameters

typename RealType =
float

Type of the produced values. The specific values are as follows:
float
double

typename Method =
oneapi::mkl::rng:
:weibull_method::
by_default

Generation method. The specific values are as follows: oneapi::mkl::rng::
weibull_method::icdf
oneapi::mkl::rng::weibull_method::icdf_accurate
See brief descriptions of the methods in Distributions Template Parameter
Method

InputParameters

Name Type Description
alpha RealType (float, double) Shape�
a RealType (float, double) Displacement a.
beta RealType (float, double) Scalefactor �.

oneapi::mkl::rng::cauchy

Generates Cauchy distributed random values.

• Description

• API

Description

The oneapi::mkl::rng::cauchy class object is used in the oneapi::mkl::rng::generate function to pro-
vide Cauchy distributed randomnumbers with displacement (a) and scalefactor (b, β), where a, β ∈ R;β > 0.

The probability density function is given by:

Fa,β(x) =
1

πβ

(
1 +

(
x−a
β

)2) ,−∞ < x < +∞
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The cumulative distribution function is as follows:

Fa,β(x) =
1

2
+

1

π
arctan(

x− a

β
),−∞ < x < +∞

Product and Performance Information
Performance varies by use, configuration and other factors. Learn more at https://www.intel.com/
PerformanceIndex. Notice revision #20201201

API

Syntax

template<typename RealType = float,
typename Method = cauchy_method::by_default>
class cauchy {
public:
using method_type = Method;
using result_type = RealType;
cauchy(): cauchy((RealType)0.0, (RealType)1.0){}
explicit cauchy(RealType a, RealType b);
explicit cauchy(const param_type& pt);
RealType a() const;
RealType b() const;
param_type param() const;
void param(const param_type& pt);

};

Devices supported: CPU andGPU.

IncludeFiles

• oneapi/mkl/rng.hpp

TemplateParameters

typename RealType =
float

Type of the produced values. The specific values are as follows:
float
double

typename Method =
oneapi::mkl::rng::
cauchy_method::by_-
default

Generation method. The specific values are as follows: oneapi::mkl::
rng::cauchy_method::icdf
Seebrief descriptions of themethods inDistributionsTemplateParame-
terMethod
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InputParameters

Name Type Description
a RealType (float, double) Displacement a.
b RealType (float, double) Scalefactor b.

oneapi::mkl::rng::rayleigh

Generates Rayleigh distributed random values.

• Description

• API

Description

The oneapi::mkl::rng::rayleigh class object is used by the oneapi::mkl::rng::generate function to
provideRayleighdistributed randomnumberswithdisplacement (a) and scalefactor (b,β), wherea, β ∈ R;β >
0.

The Rayleigh distribution is a special case of theWeibull distribution, where the shape parameter α = 2.

The probability density function is given by:

fa,β(x) =

{
2(x−a)

β2 exp(− (x−a)2

β2 ), x ≥ a

0, x < a
,−∞ < x < +∞

The cumulative distribution function is as follows:

Fα,β(x) =

{
1− exp

(
− (x−α)2

β2

)
, x ≥ α)

0, x < α
,−∞ < x < +∞

Product and Performance Information
Performance varies by use, configuration and other factors. Learn more at https://www.intel.com/
PerformanceIndex. Notice revision #20201201
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API

Syntax

template<typename RealType = float, typename Method = rayleigh_method::by_default>
class rayleigh {
public:
using method_type = Method;
using result_type = RealType;
rayleigh(): rayleigh((RealType)0.0, (RealType)1.0){}
explicit rayleigh(RealType a, RealType b);
explicit rayleigh(const param_type& pt);
RealType a() const;
RealType b() const;
param_type param() const;
void param(const param_type& pt);
};

Devices supported: CPU andGPU.

IncludeFiles

• oneapi/mkl/rng.hpp

TemplateParameters

typename RealType =
float

Type of the produced values. The specific values are as follows:
float
double

typename Method =
oneapi::mkl::rng::
rayleigh_method::
by_default

Generationmethod. The specific values are as follows:
oneapi::mkl::rng::rayleigh_method::icdf
oneapi::mkl::rng::rayleigh_method::icdf_accurate
See brief descriptions of the methods in Distributions Template Parameter
Method.

InputParameters

Name Type Description
a RealType (float, double) Displacement a.
b RealType (float, double) Scalefactor b.
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oneapi::mkl::rng::lognormal

Generates lognormally distributed randomnumbers.

• Description

• API

Description

The oneapi::mkl::rng::lognormal class object is used in the oneapi::mkl::rng::generate function to
provide random numbers with average of distribution (m, a) and standard deviation (s, σ) of subject normal dis-
tribution, displacement (displ, b), and scalefactor (scale, β), where a, σ, b, β ∈ R ; σ > 0 , β > 0.

The probability density function is given by:

Fa,σ,b,β(x) =

 1
σ(x−b)

√
2π
exp

(
−

ln(x−b
β

)−a)2

2σ2

)
, x > b

0, x ≤ b

The cumulative distribution function is as follows:

Fa,σ,b,β(x) =

Φ

(
ln(x−b

β
)−a

σ

)
, x > b

0, x ≤ b

API

Syntax

template<typename RealType = float, typename Method = lognormal_method::by_default>
class lognormal {
public:
using method_type = Method;
using result_type = RealType;
lognormal(): lognormal((RealType)0.0, (RealType)1.0, (RealType) 0.0,
(RealType)1.0){} explicit lognormal(RealType m, RealType s, RealType displ
= RealType) 0.0, RealType scale = (RealType)1.0);
explicit lognormal(const param_type& pt);
RealType m() const;
RealType s() const;
RealType displ() const;
RealType scale() const;
param_type param() const;
void param(const param_type& pt);
};

Devices supported: CPU andGPU.
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IncludeFiles

• oneapi/mkl/rng.hpp

TemplateParameters

typename
RealType =
float

Type of the produced values. The specific values are as follows:
float
double

typename
Method =
oneapi::
mkl::rng::
lognormal_-
method::by_-
default

Generationmethod. The specific values are as follows:
oneapi::mkl::rng::lognormal_method::box_muller2
oneapi::mkl::rng::lognormal_method::box_muller2_accurate
oneapi::mkl::rng::lognormal_method::icdf
oneapi::mkl::rng::lognormal_method::icdf_accurate
See brief descriptions of themethods inDistributions Template ParameterMethod.

InputParameters

Name Type Description
m RealType (float, double) Average a of the subject normal distribution.
s RealType (float, double) Standard deviation σ of the subject normal distribution.
displ RealType (float, double) Displacement displ.
scale RealType (float, double) Scalefactor scale.

oneapi::mkl::rng::gumbel

GeneratesGumbel distributed random values.

• Description

• API
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Description

The oneapi::mkl::rng::gumbel class object is used in the oneapi::mkl::rng::generate function to pro-
videGumbel distributed randomnumbers with displacement (a) and scalefactor (b, β), where a, β ∈ R;β > 0.

The probability density function is given by:

fa,β(x) =
1

β
exp

(
x− a

β

)
exp(− exp

(
x− a

β

)
),−∞ < x < +∞

The cumulative distribution function is as follows:

Fα,β(x) = 1− exp(− exp(x− α

β
)),−∞ < x < +∞

Product and Performance Information
Performance varies by use, configuration and other factors. Learn more at https://www.intel.com/
PerformanceIndex. Notice revision #20201201

API

Syntax

template<typename RealType = float, typename Method = gumbel_method::by_default>
class gumbel {
public:
using method_type = Method; using result_type =
RealType; gumbel(): gumbel((RealType)0.0,
(RealType)1.0){} explicit gumbel(RealType a,
RealType b);
explicit gumbel(const param_type& pt);
RealType a() const;
RealType b() const;
param_type param() const;
void param(const param_type& pt);
};

Devices supported: CPU andGPU

IncludeFiles

• oneapi/mkl/rng.hpp
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TemplateParameters

Name Description
typename RealType =
float

Type of the produced values. The specific values are as follows:
float
double

typename Method =
oneapi::mkl::rng::
gumbel_method::by_-
default

Generationmethod. The specific values are as follows:
oneapi::mkl::rng::gumbel_method::icdf
Seebrief descriptions of themethods inDistributionsTemplateParame-
terMethod.

InputParameters

Name Type Description
a RealType (float, double) Displacement a.
b RealType (float, double) Scalefactor b.

oneapi::mkl::rng::gamma

Generates gamma distributed random values.

• Description

• API

Description

Theoneapi::mkl::rng::gammaclassobject isused in theoneapi::mkl::rng::generate function toprovide
random numbers with gamma distribution that has shape parameter �, displacement a, and scale parameter β,
whereα, β, anda ∈ R;α > 0, β > 0.

The probability density function is given by:

Fα,a,β(x) =

{
1

Γ(α)βα (x− a)α−1e
− (x−a)

β , x ≥ a

0, x < a
,−∞ < x < +∞

where Γ(α) is the complete gamma function.

The cumulative distribution function is as follows:

Fα,a,β(x) =

{∫ x
a

1
Γ(α)βα (y − a)α−1e

− (y−a)
β dy, x ≥ a

0, x < a
,−∞ < x < +∞
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Product and Performance Information
Performance varies by use, configuration and other factors. Learn more at https://www.intel.com/
PerformanceIndex. Notice revision #20201201

API

Syntax

template<typename RealType = float, typename Method = gamma_method::by_default>
class gamma {
public:
using method_type = Method; using result_type = RealType;
gamma(): gamma((RealType)1.0, (RealType)0.0, (RealType)1.0){}
explicit gamma(RealType alpha, RealType a, RealType beta);
explicit gamma(const param_type& pt);
RealType alpha() const;
RealType a() const;
RealType beta() const;
param_type param() const;
void param(const param_type& pt);
};

Devices supported: CPU andGPU.

IncludeFiles

• oneapi/mkl/rng.hpp

TemplateParameters

typename RealType
= float

Type of the produced values. The specific values are as follows:
float
double

typename Method =
oneapi::mkl::rng::
gamma_method::by_-
default

Generationmethod. The specific values are as follows:
oneapi::mkl::rng::gamma_method::marsaglia
oneapi::mkl::rng::gamma_method::marsaglia_accurate
See brief descriptions of the methods in Distributions Template Parameter
Method.
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InputParameters

Name Type Description
alpha RealType (float, double) Shape�
a RealType (float, double) Displacement a.
beta RealType (float, double) Scalefactor β.

oneapi::mkl::rng::beta

Generates beta distributed random values.

• Description

• API

Description

The oneapi::mkl::rng::beta class object is used in the oneapi::mkl::rng::generate function to provide
randomnumberswithbetadistribution that has shapeparameterspandq, displacementa, andscaleparameter
(b, β), where p, q, a, and β ∈ R; p > 0, q > 0, β > 0.

The probability density function is given by:

fp,q,a,β(x) =

{
1

B(p,q)βp+q−1 (x− a)p−1(β + a− x)q−1, a ≤ x < a+ β

0, x < a, x ≥ a+ β
,−∞ < x <∞

where B(p, q) is the complete beta function.

The cumulative distribution function is as follows:

fp,q,a,β(x) =


0, x < a∫ x
a

1
B(p,q)βp+q−1 (y − a)p−1(β + a− y)q−1dy, a ≤ x < a+ β

1, x ≥ a+ β

,−∞ < x <∞

Product and Performance Information
Performance varies by use, configuration and other factors. Learn more at https://www.intel.com/
PerformanceIndex. Notice revision #20201201
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API

Syntax

template<typename RealType = float,
typename Method = beta_method::by_default>
class beta {
public:
using method_type = Method; using result_type = RealType;
beta(): beta((RealType)1.0, (RealType)1.0, (RealType)(0.0),
(RealType)(1.0)){} explicit beta(RealType p, RealType q, RealType a,
RealType b);
explicit beta(const param_type& pt);
RealType p() const;
RealType q() const;
RealType a() const;
RealType b() const;
param_type param() const;
void param(const param_type& pt);

};

Devices supported: CPU andGPU.

IncludeFiles

• oneapi/mkl/rng.hpp

TemplateParameters

typename RealType =
float

Type of the produced values. The specific values are as follows:
float
double

typename Method =
oneapi::mkl::rng::
beta_method::by_-
default

Generationmethod. The specific values are as follows:
oneapi::mkl::rng::beta_method::cja
oneapi::mkl::rng::beta_method::cja_accurate
See brief descriptions of the methods in Distributions Template Parameter
Method.
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InputParameters

Name Type Description
p RealType (float, double) Shape p
q RealType (float, double) Shape q
a RealType (float, double) Displacement a.
b RealType (float, double) Scalefactor b.

oneapi::mkl::rng::chi_square

Generates chi-square distributed random values.

• Description

• API

Description

The oneapi::mkl::rng::chi_square class object is used in the oneapi::mkl::rng::generate function to
provide randomnumbers with chi-square distribution and ν degrees of freedom, n�N, n > 0.

The probability density function is:

Fv(x) =

x
n−2
2 e−

x
2

2n/2Γ(n
2
)
dy, x ≥ 0

0, x < 0

The cumulative distribution function is:

Fv(x) =


∫ x
0

y
n−2
2 e−

n
2

2n/2Γ(n
2
)
dy, x ≥ 0

0, x < 0

API

Syntax

template<typename RealType = float, typename Method = chi_square_method::by_default>
class chi_square {
public:
using method_type = Method;
using result_type = RealType;

(continues on next page)
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(continued from previous page)

chi_square(): chi_square(5){}
explicit chi_square(std::int32_t n);
explicit chi_square(const param_type& pt);
std::int32_t n() const;
param_type param() const;
void param(const param_type& pt);
};

Devices supported: CPU andGPU.

IncludeFiles

• oneapi/mkl/rng.hpp

TemplateParameters

typename RealType =
float

Type of the produced values. The specific values are as follows:
float
double

typename Method =
oneamkl::rng::chi_-
square_method::by_-
default

Generationmethod. The specific values are as follows:
oneapi::mkl::rng::chi_square_method::gamma_based
Seebriefdescriptionsof themethods inDistributionsTemplateParameter
Method.

InputParameters

Name Type Description
n std::int32_t Degrees of freedom.

oneapi::mkl::rng::gaussian_mv

Generates randomnumbers frommultivariate normal distribution.

• Description

• API
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Description

The class object is used in the oneapi::mkl::rng::generate function to provide random numbers with d-
variate normal (Gaussian) distributionwithmean (a) and variance-covariancematrix C, where a� Rd ; C is d x d
symmetric positive-definitematrix.

The probability density function is given by:

fa,C(x) =
1√

det(2πC)
exp(−1

2
(x− a)TC−1(x− a))

where x``∈ ``Rd .

Matrix C can be represented as C = TTT, where T is a lower triangular matrix - Cholesky factor of C.

API

Syntax

template<typename RealType = float, layout Layout = layout::packed,
typename Method = gaussian_mv_method::by_default>

class gaussian_mv {
public:
using method_type = Method;
using result_type = RealType;
static constexpr layout layout_type = Layout;
explicit gaussian_mv(std::uint32_t dimen, std::vector<RealType> mean,

std::vector<RealType> matrix); // deprecated since oneMKL 2023.0
explicit gaussian_mv(std::uint32_t dimen, sycl::span<RealType> mean,

sycl::span<RealType> matrix);
explicit gaussian_mv(const param_type& pt);
std::uint32_t dimen() const;
std::vector<RealType> mean() const;
std::vector<RealType> matrix() const;
param_type param() const;
void param(const param_type& pt);

};

Devices supported: CPU andGPU.

IncludeFiles

• oneapi/mkl/rng.hpp
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TemplateParameters

Name Description
typename RealType
= float

Type of the produced values. The specific values are as follows:
float
double

layout Layout =
layout::packed

Type of thematrix storage. The specific values are as follows:
layout::packed
layout::full
layout::diagonal
See brief descriptions of the methods in Distributions Template Parameter
Method.

typename Method
= oneapi::mkl::
rng::gaussian_-
mv_method::by_-
default

Generationmethod. The specific values are as follows:
oneapi::mkl::rng::gaussian_mv_method::box_muller
oneapi::mkl::rng::gaussian_mv_method::box_muller2
oneapi::mkl::rng::gaussian_mv_method::icdf
See brief descriptions of the methods in Distributions Template Parameter
Method.

InputParameters

Name Type Description
dimen std::uint32_t Dimension of output random vectors
mean sycl::span< RealType> (float, double Mean span a of dimension d.
matrix sycl::span< RealType> (float, double Variance-covariancematrix C.

Note:

• explicit gaussian_mv(std::uint32_t dimen, std::vector<RealType> mean, std::
vector<RealType> matrix); is deprecated and will be removed in one of the next releases.
Use explicit gaussian_mv(std::uint32_t dimen, sycl::span<RealType> mean, sycl::
span<RealType> matrix); instead.

• Whenpassingasycl::span that is constructedoverauser’smemory to theconstructor, usersmustman-
age the memory under sycl::span by themselves. They must not destroy the memory while data are pro-
cessed.
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oneapi::mkl::rng::uniform (Discrete)

Generates randomnumbers uniformly distributed over the interval [a, b).

• Description

• API

Description

Theoneapi::mkl::rng::uniformclassobject isused inoneapi::mkl::rng::generate functions toprovide
randomnumbers uniformly distributed over the interval [a, b), where a, b are the left and right bounds of the
interval respectively, and a, b∈Z; a < b.

The probability distribution is given by:

P (X = k) =
1

b− a

k ∈ {a, a+ 1, . . . , b− 1}

The cumulative distribution function is as follows:

Fa,b(x) =


0, x < a
x−a+1
b−a , a ≤ x < b

1, x ≥ b

, x ∈ R

API

Syntax

template<typename Method>
class uniform<std::(u)int32_t, Method> {
public:
using method_type = Method;
using result_type = std::(u)int32_t;
uniform(): uniform((std::(u)int32_t )(0),

std::is_same<Method,
uniform_method::standard>::value ? (1 << 23)
:std::numeric_limits<Type>::max()){};

explicit uniform(std::(u)int32_t a, std::(u)int32_t b);
explicit uniform(const param_type& pt);
std::(u)int32_t a() const;
std::(u)int32_t b() const;
param_type param() const;
void param(const param_type& pt);
};

Devices supported: CPU andGPU.
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IncludeFiles

• oneapi/mkl/rng.hpp

TemplateParameters

typename Method =
oneapi::mkl::rng:
:uniform_method::
by_default

Generationmethod. The specific values are as follows:
oneapi::mkl::rng::uniform_method::standard
oneapi::mkl::rng::uniform_method::accurate
See brief descriptions of the methods in Distributions Template Parameter
Method.

Note: The oneapi::mkl::rng::uniform_method::standard uses the s BRNG type on GPU devices. This
might cause the produced numbers to have incorrect statistics (due to rounding error) when (abs(b–a) >
223||abs(b) > 223||abs(a) > 223). Toget proper statistics for this case, use theoneapi::mkl::rng::uniform_-
method::accuratemethod instead.

InputParameters

Name Type Description
a std::int32_t

std::uint32_t
Left bound a

b std::int32_t
std::uint32_t

Right bound b

oneapi::mkl::rng::uniform_bits

Generates uniformly distributed bits in 32/64-bit chunks.

• Description

• API
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Description

The oneapi::mkl::rng::uniform_bits class object is used to generate uniformly distributed bits in 32/64-
bit chunks. It is designed to ensure each bit in the 32/64-bit chunk is uniformly distributed. It is not supported
not for all engines.

IUntType denotes the chunk size and can be std::uint32_t, std::uint64_t. SeeVSNotes for details.

API

Syntax

template<typename UIntType = std::uint32_t>
class uniform_bits {
using result_type = UIntType
}

Devices supported: CPU andGPU.

IncludeFiles

• oneapi/mkl/rng.hpp

TemplateParameters

typename UIntType = std:
:uint32_t

Type of the produced values. The specific values are as follows:
std::uint32_t
std::uint64_t

oneapi::mkl::rng::bits

Generates bits of underlying engine (BRNG) integer reccurence.

• Description

• API
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Description

The oneapi::mkl::rng::bits class object is used to generate integer random values. Each integer can be
treated as a vector of several bits. In a truly random generator, these bits are random, while in pseudorandom
generators this randomness can be violated.

For example, a drawback of linear congruential generators is that lower bits are less random than higher bits (for
example, see [Knuth81]. For this reason, exercise care when using this function. Typically, in a 32-bit LCG only
24 higher bits of an integer value can be considered random. SeeVSNotes for details.

API

Syntax

template<typename UIntType = std::uint32_t>
class bits {
using result_type = UIntType
}

Devices supported: CPU andGPU.

IncludeFiles

• oneapi/mkl/rng.hpp

TemplateParameters

Name Description
typename UIntType = std::
uint32_t

Type of the produced values. The specific values are as follows:
std::uint32_t

oneapi::mkl::rng::bernoulli

Generates Bernoulli distributed random values.

• Description

• API
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Description

The oneapi::mkl::rng::bernoulli class object is used in the oneapi::mkl::rng::generate function to
provide Bernoulli distributed randomnumbers with probability p of a single trial success, where pϵR; 0 ≤ p ≤ 1.

A variate is called Bernoulli distributed if after a trial it is equal to 1 with probability of success p and to 0 with
probability 1 - p.

The probability distribution is given by:

P(X=1) = p

P(X=0) = 1 - p

The cumulative distribution function is as follows:

Fp(x) =


0, x < 0

1− p, 0 ≤ x < 1, x ∈ R

1, x ≥ 1

Product and Performance Information
Performance varies by use, configuration and other factors. Learn more at https://www.intel.com/
PerformanceIndex. Notice revision #20201201

API

Syntax

template<typename IntType = std::int32_t,
typename Method = bernoulli_method::by_default>

class bernoulli {
public:
using method_type = Method;
using result_type = IntType;
bernoulli(): bernoulli(0.5f){}
explicit bernoulli(float p);
explicit bernoulli(const param_type& pt);
float p() const;
param_type param() const;
void param(const param_type& pt);

};

Devices supported: CPU andGPU.
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IncludeFiles

• oneapi/mkl/rng.hpp

TemplateParameters

typename_IntType = std::
int32_t

Type of the produced values. The specific values are as follows:
std::int32_t
std::uint32_t

typename Method =
oneapi::mkl::rng::
bernoulli_method::by_-
default

Generationmethod. The specific values are as follows:
oneapi::mkl::rng::bernoulli_method::icdf
See brief descriptions of the methods inDistributions Template Param-
eterMethod.

InputParameters

Name Type Description
p float Success probability p of a trial.

oneapi::mkl::rng::geometric

Generates geometrically distributed random values.

• Description

• API

Description

The oneapi::mkl::rng::geometric class object is used in the oneapi::mkl::rng::generate function to
provide geometrically distributed random numbers with probability p of a single trial success, where p∈R; 0 <
p < 1.

A geometrically distributed variate represents the number of independent Bernoulli trials preceding the first
success. The probability of a single Bernoulli trial success is p.

The probability distribution is given by:

P(X = k) = p·(1 - p)k, k� {0,1,2, … }.
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The cumulative distribution function is as follows:

Fp(x) =

{
0, x < 0

1− (1− p)⌊x+1⌋, x ≥ 0
, x ∈ R

Product and Performance Information
Performance varies by use, configuration and other factors. Learn more at https://www.intel.com/
PerformanceIndex. Notice revision #20201201

API

Syntax

template<typename IntType = std::int32_t, typename Method = geometric_method::by_default>
class geometric {
public:
using method_type = Method;
using result_type = IntType;
geometric(): geometric(0.5){} explicit geometric(float p);
explicit geometric(const param_type& pt);
float p() const;
param_type param() const;
void param(const param_type& pt);
};

Devices supported: CPU andGPU.

IncludeFiles

• oneapi/mkl/rng.hpp

TemplateParameters

Name Description
typename IntType = std::
int32_t

Type of the produced values. The specific values are as follows:
std::int32_t
std::uint32_t

typename Method =
oneapi::mkl::rng::
geometric_method:: by_-
default

Generationmethod. The specific values are as follows:
oneapi::mkl::rng::geometric_method::icdf
Seebrief descriptions of themethods inDistributionsTemplateParam-
eterMethod.
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InputParameters

Name Type Description
p float Success probability p of a trial.

oneapi::mkl::rng::binomial

Generates binomially distributed randomnumbers.

• Description

• API

Description

The oneapi::mkl::rng::binomial class object is used in the oneapi::mkl::rng::generate function to
provide binomially distributed random numbers with number of independent Bernoulli trials m, and with prob-
ability p of a single trial success, where p∈R; 0 ≤p≤ 1, m∈N.

A binomially distributed variate represents the number of successes in m independent Bernoulli trialswith prob-
ability of a single trial success p.

The probability distribution is given by:

P (X = k) = Ck
mpk(1− p)m−k, k ∈ {0, 1, . . . ,m}

The cumulative distribution function is as follows:

Fm,p(x) =


0, x < 0∑⌊x⌋

k=0C
k
mpk(1− p)m−k, 0 ≤ x < m)

1, x > m

, x ∈ R

Product and Performance Information
Performance varies by use, configuration and other factors. Learn more at https://www.intel.com/
PerformanceIndex. Notice revision #20201201
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API

Syntax

template<typename IntType = std::int32_t,
typename Method = binomial_method::by_default>
class binomial {
public:
using method_type = Method;
using result_type = IntType;
binomial(): binomial(5, 0.5){}
explicit binomial(std::int32_t ntrial, double p);
explicit binomial(const param_type& pt);
std::int32_t ntrial() const;
double p() const;
param_type param() const;
void param(const param_type& pt);

};

Devices supported: CPU andGPU.

IncludeFiles

• oneapi/mkl/rng.hpp

TemplateParameters

Name Description
typename IntType = std::
int32_t

Type of the produced values. The specific values are as follows:
std::int32_t
std::uint32_t

typename Method =
oneapi::mkl::rng::
binomial_method:: by_-
default

Generationmethod. The specific values are as follows:
oneapi::mkl::rng::binomial_method::btpe
See brief descriptions of themethods inDistributionsTemplate Param-
eterMethod.

InputParameters

Name Type Description
ntrials std::int32_t Number of independent trials.
p double Success probability p of a single trial.
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oneapi::mkl::rng::hypergeometric

Generates hypergeometrically distributed random values.

• Description

• API

Description

The oneapi::mkl::rng::hypergeometric class object is used in the oneapi::mkl::rng::generate func-
tion to provide hypergeometrically distributed random values with lot size l, size of sampling s, and number of
marked elements in the lot m, where l, m, s∈N∪{0}; l≥ max(s, m).

Consider a lot of l elements comprising m “marked” and l-m “unmarked” elements. A trial sampling without re-
placement of exactly s elements from this lot helps to define the hypergeometric distribution, which is the prob-
ability that the group of s elements contains exactly kmarked elements.

The probability distribution is given by:

P (X = k) =
Ck
mCs−k

l−m

Cs
l

, k� {max(0, s + m - l), …, min(s, m)}

The cumulative distribution function is as follows:

Fl,s,m(x) =


0, x < max(0, s+m− l)∑⌊x⌋

k=max(0,s+m−l)

Ck
mCs−k

l−m

Cs
l

, max(0, s+m− l) ≤ x ≤ min(s,m)

1, x > min(s,m)

Product and Performance Information
Performance varies by use, configuration and other factors. Learn more at https://www.intel.com/
PerformanceIndex. Notice revision #20201201

API

Syntax
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template<typename IntType = std::int32_t, typename Method = hypergeometric_method::by_default>
class hypergeometric {
public:
using method_type = Method;
using result_type = IntType;
hypergeometric(): hypergeometric(1, 1, 1){}
explicit hypergeometric(std::int32_t l, std::int32_T s, std::int32_T m);
explicit hypergeometric(const param_type& pt);
std::int32_t s() const;
std::int32_t m() const;
std::int32_t l() const;
param_type param() const;
void param(const param_type& pt);
};

Devices supported: CPU andGPU

IncludeFiles

• oneapi/mkl/rng.hpp

TemplateParameters

typename IntType = std::
int32_t

Type of the produced values. The specific values are as follows:
std::int32_t
std::uint32_t

typename Method =
oneapi::mkl::rng::
hypergeometric_method:
: by_default

Generationmethod. The specific values are as follows:
oneapi::mkl::rng::hypergeometric_method::h2pe
Seebriefdescriptionsof themethods inDistributionsTemplateParam-
eterMethod.

InputParameters

Name Type Description
l std::int32_t Lot size of l.
s std::int32_t Size of sampling without replacement.
m std::int32_t Number of marked elements m.
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oneapi::mkl::rng::poisson

Generates Poisson distributed random values.

• Description

• API

Description

The oneapi::mkl::rng::poisson class object is used in the oneapi::mkl::rng::generate function to pro-
vide Poisson distributed randomnumbers with distribution parameter �, where λ∈R; λ > 0.

The probability distribution is given by:

P (X = k) =
λke−λ

k!

k ∈ {0, 1, 2, . . .}. The cumulative distribution function is as follows:

Fλ(x) =

{∑⌊x⌋
k=0

λke−λ

k! , x ≥ 0

0, x < 0
, x ∈ R

Product and Performance Information
Performance varies by use, configuration and other factors. Learn more at https://www.intel.com/
PerformanceIndex. Notice revision #20201201

API

Syntax

template<typename IntType = std::int32_t, typename Method = poisson_method::by_default>
class poisson {
public:
using method_type = Method;
using result_type = IntType;
poisson(): poisson(0.5){} explicit poisson(double lambda);
explicit poisson(const param_type& pt);
double lambda() const;
param_type param() const;
void param(const param_type& pt);
};

Devices supported: CPU andGPU
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IncludeFiles

• oneapi/mkl/rng.hpp

TemplateParameters

typename IntType =
std::int32_t

Type of the produced values. The specific values are as follows:
std::int32_t
std::uint32_t

typename Method =
oneapi::mkl::rng:
:poisson_method::
by_default

Generationmethod. The specific values are as follows:
oneapi::mkl::rng::poisson_method::ptpe
oneapi::mkl::rng::poisson_method::gaussian_icdf_based
See brief descriptions of the methods in Distributions Template Parameter
Method.

InputParameters

Name Type Description
lambda double Distribution parameter �.

oneapi::mkl::rng::poisson_v

Generates Poisson distributed random values with varyingmean.

• Description

• API

Description

The oneapi::mkl::rng::poisson_v class object is used in the oneapi::mkl::rng::generate function to
provide nPoisson distributed randomnumbers xi(i = 1, …, n) with distribution parameter λi, where λi∈R; λi> 0.

The probability distribution is given by:

P (Xi = k) =
λk
i exp(−λi)

k!
, k ∈ {0, 1, 2, . . .}
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The cumulative distribution function is as follows:

Fλi
(x) =

{∑⌊x⌋
k=0

λk
i e

−λi

k! , x ≥ 0

0, x < 0
, x ∈ R

Product and Performance Information
Performance varies by use, configuration, and other factors. Learn more at https://www.intel.com/
PerformanceIndex. Notice revision #20201201

API

Syntax

template<typename IntType = std::int32_t, typename Method = poisson_v_method::by_default>
class poisson_v {
public:
using method_type = Method;
using result_type = IntType;
explicit poisson_v(std::vector<double> lambda); // deprecated since oneMKL 2023.0
explicit poisson_v(sycl::span<double> lambda);
explicit poisson_v(const param_type& pt);
std::vector<double> lambda() const;
param_type param() const;
void param(const param_type& pt);

};

Devices supported: CPU andGPU

IncludeFiles

• oneapi/mkl/rng.hpp

TemplateParameters

typename IntType = std:
:int32_t

Type of the produced values. The specific values are as follows:
std::int32_t
std::uint32_t

typename Method =
oneapi::mkl::rng::
poisson_v_method::
by_default

Generationmethod. The specific values are as follows:
oneapi::mkl::rng::poisson_v_method::gaussian_icdf_based
See brief descriptions of the methods inDistributions Template Parame-
terMethod.
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InputParameters

Name Type Description
lambda sycl::span<double> Array of n distribution parameters �.

Note:

• explicit poisson_v(std::vector<double> lambda); is deprecated and will be removed in one of
the next releases. Use explicit poisson_v(sycl::span<double> lambda); instead.

• Whenpassingasycl::span that is constructedoverauser’smemory to theconstructor, usersmustman-
age the memory under sycl::span by themselves. They must not destroy the memory while data are pro-
cessed.

oneapi::mkl::rng::negative_binomial

Generates randomnumbers with negative binomial distribution.

• Description

• API

Description

The oneapi::mkl::rng::negative_binomial class object is used in the oneapi::mkl::rng::generate
function to provide random numbers with negative binomial distribution and distribution parameters a and p,
where p, a�R; 0 < p < 1; a > 0.

If the first distribution parameter a�N, this distribution is the same as Pascal distribution. If a�N, the distribution
canbe interpreted as the expected timeof a-th success in a sequence of Bernoulli trials, when the probability of
success is p.

The probability distribution is given by:

P (X = k) = Ck
a+k−1p

a(1− p)k, k ∈ {0, 1, 2, . . .}

The cumulative distribution function is as follows:

Fa,p(x) =

{∑⌊x⌋
k=0C

k
a+k−1p

a(1− p)k, x ≥ 0

0, x < 0
, x ∈ R

Product and Performance Information
Performance varies by use, configuration and other factors. Learn more at https://www.intel.com/
PerformanceIndex. Notice revision #20201201
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API

Syntax

template<typename IntType = std::int32_t, typename Method = negative_binomial_method::by_
↪→default>
class negative_binomial {
public:
using method_type = Method;
using result_type = IntType;
negative_binomial(): negative_binomial(0.1, 0.5){}
explicit negative_binomial(double a, double p);
explicit negative_binomial(const param_type& pt);
double a() const;
double p() const;
param_type param() const;
void param(const param_type& pt);
};

Devices supported: CPU andGPU

IncludeFiles

• oneapi/mkl/rng.hpp

TemplateParameters

typename IntType = std::
int32_t

Type of the produced values. The specific values are as follows:
std::int32_t
std::uint32_t

typename Method = oneapi:
:mkl::rng::negative_-
binomial_method::by_-
default

Generationmethod. The specific values are as follows:
oneapi::mkl::rng::negative_binomial_method::nbar
Seebriefdescriptionsof themethods inDistributionsTemplateParam-
eterMethod.

InputParameters

Name Type Description
a double The first distribution parameter a.
p double The second distribution parameter p.
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oneapi::mkl::rng::multinomial

Generatesmultinomially distributed randomnumbers.

• Description

• API

Description

The oneapi::mkl::rng::multinomial class object is used in the oneapi::mkl::rng::generate function
to provide multinomially distributed random numbers with ntrial independent trials and k possible mutually
exclusive outcomes, with corresponding probabilities pi, where pi∈R; 0 ≤pi≤ 1, m∈N, k∈N.

The probability distribution is given by:

P (X1 = x1, . . . , Xk = xk) =
m!∏k
i=1 xi!

k∏
i=1

pi
xi , 0 ≤ xi ≤ m,

k∑
i=1

xi = m

Product and Performance Information
Performance varies by use, configuration, and other factors. Learn more at https://www.intel.com/
PerformanceIndex. Notice revision #20201201

API

Syntax

template<typename IntType = std::int32_t, typename Method = multinomial_method::by_default>
class multinomial {
public:
using method_type = Method;
using result_type = IntType;
explicit multinomial(double ntrial, std::vector<double> p); // deprecated since oneMKL 2023.0
explicit multinomial(double ntrial, sycl::span<double> p);
explicit multinomial(const param_type& pt);
std::int32_t ntrial() const;
std::vector<double> p() const;
param_type param() const;
void param(const param_type& pt);

};

Devices supported: CPU andGPU

Note: This distribution supports only input parameters (on GPU) that follow the condition (k ≥ ntrial ∗ 16 ∧
ntrial ≤ 16), where k is the probability vector length.
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IncludeFiles

• oneapi/mkl/rng.hpp

TemplateParameters

typename IntType = std:
:int32_t

Type of the produced values. The specific values are as follows:
std::int32_t
std::uint32_t

typename Method =
oneapi::mkl::rng::
multinomial_method::
by_default

Generationmethod. The specific values are as follows:
oneapi::mkl::rng::multinomial_method::poisson_icdf_based
See brief descriptions of themethods inDistributions Template Parame-
terMethod.

InputParameters

Name Type Description
ntrial std::int32_t Number of independent trials m.
p sycl::span<double> Probability vector of possible outcomes (length is k).

Note:

• explicit multinomial(double ntrial, std::vector<double> p); is deprecated and will
be removed in one of the next releases. Use explicit multinomial(double ntrial, sycl::
span<double> p); instead.

• Whenpassingasycl::span that is constructedoverauser’smemory to theconstructor, usersmustman-
age the memory under sycl::span by themselves. They must not destroy the memory while data are pro-
cessed.

13.1.2 RandomNumberGeneratorsDeviceRoutines

Themain purpose of Device routines is to make them callable from your DPC++ kernels; however, there are no
limitations to be called from theHost. For example:

sycl::queue queue;

queue.submit([&](sycl::handler& cgh) {
cgh.parallel_for(range,[=](...) {

mkl::rng::device::routine(...); // calling routine from user's kernel code
});

(continues on next page)
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(continued from previous page)

});

mkl::rng::device::routine(...); // calling routine from host

RNGDeviceAPIsStructure

Fig. 11: RNGDeviceAPI Structure

oneMKLRNGDeviceUsageModel

• Example of Scalar RandomNumbersGeneration

• Example of Vector RandomNumbersGeneration

• Example of RandomNumbersGeneration by Engines Stored in sycl::buffer

• Example of RandomNumbersGenerationwithHost-sideHelpersUsage

A typical usagemodel for device routines is the same as described in oneMKLRNGUsageModel:

1. Create and initialize the object for basic randomnumber generator.

2. Create and initialize the object for distribution generator.

3. Call the generate routine to get randomnumbers with appropriate statistical distribution.
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ExampleofScalarRandomNumbersGeneration

1 #include<iostream>
2 #include <CL/sycl.hpp>
3 #include "oneapi/mkl/rng/device.hpp"
4

5

6 int main() {
7 sycl::queue queue;
8 const int n = 1000;
9 const int seed = 1;
10 // Prepare an array for random numbers
11 std::vector<float> r(n);
12

13

14 sycl::buffer<float, 1> r_buf(r.data(), r.size());
15 // Submit a kernel to generate on device
16 queue.submit([&](sycl::handler& cgh) {
17 auto r_acc = r_buf.template get_access<sycl::access::mode::write>(cgh);
18 cgh.parallel_for(sycl::range<1>(n), [=](sycl::item<1> item) {
19 // Create an engine object
20 oneapi::mkl::rng::device::philox4x32x10<> engine(seed, item.get_id(0));
21 // Create a distribution object
22 oneapi::mkl::rng::device::uniform<> distr;
23 // Call generate function to obtain scalar random number
24 float res = oneapi::mkl::rng::device::generate(distr, engine);
25

26

27 r_acc[item.get_id(0)] = res;
28 });
29 });
30

31

32 auto r_acc = r_buf.template get_access<sycl::access::mode::read>();
33 std::cout << "Samples of uniform distribution" << std::endl;
34 for(int i = 0; i < 10; i++) {
35 std::cout << r_acc[i] << std::endl;
36 }
37

38

39 return 0;
40 }
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ExampleofVectorRandomNumbersGeneration

1 #include<iostream>
2 #include <CL/sycl.hpp>
3

4

5 #include "oneapi/mkl/rng/device.hpp"
6

7

8 int main() {
9 sycl::queue queue;
10 const int n = 1000;
11 const int seed = 1;
12 const int vec_size = 4;
13 // Prepare an array for random numbers
14 std::vector<float> r(n);
15

16

17 sycl::buffer<float, 1> r_buf(r.data(), r.size());
18 // Submit a kernel to generate on device
19 sycl::queue{}.submit([&](sycl::handler& cgh) {
20 auto r_acc = r_buf.template get_access<sycl::access::mode::write>(cgh);
21 cgh.parallel_for(sycl::range<1>(n / vec_size), [=](sycl::item<1> item) {
22 // Create an engine object
23 oneapi::mkl::rng::device::philox4x32x10<vec_size> engine(seed, item.get_id(0) * vec_

↪→size);
24 // Create a distribution object
25 oneapi::mkl::rng::device::uniform<> distr;
26 // Call generate function to obtain sycl::vec<float, 4> with random numbers
27 auto res = oneapi::mkl::rng::device::generate(distr, engine);
28

29

30 res.store(ite.get_id(0), r_acc);
31 });
32 });
33

34

35 auto r_acc = r_buf.template get_access<sycl::access::mode::read>();
36 std::cout << "Samples of uniform distribution" << std::endl;
37 for(int i = 0; i < 10; i++) {
38 std::cout << r_acc[i] << std::endl;
39 }
40

41

42 return 0;
43 }

There is an opportunity to store engines between kernelsmanually via sycl::buffer / USMpointers or by us-
ing a specific host-side helper class called, engine descriptor.
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ExampleofRandomNumbersGenerationbyEnginesStored in sycl::buffer

Engines are initialized in the first kernel. Randomnumber generation is performed in the second kernel.

1 #include<iostream>
2 #include <CL/sycl.hpp>
3

4

5 #include "oneapi/mkl/rng/device.hpp"
6

7

8 int main() {
9 sycl::queue queue;
10 const int n = 1000;
11 const int seed = 1;
12 const int vec_size = 4;
13 // Prepare an array for random numbers
14 std::vector<float> r(n);
15 sycl::buffer<float, 1> r_buf(r.data(), r.size());
16 sycl::range<1> range(n / vec_size);
17 sycl::buffer<oneapi::mkl::rng::device::mrg32k3a<vec_size>, 1> engine_buf(range);
18

19

20 sycl::queue queue;
21

22

23 // Kernel with initialization of engines
24 queue.submit([&](sycl::handler& cgh) {
25 // Create an accessor to sycl::buffer with engines to write initialized states
26 auto engine_acc = engine_buf.template get_access<sycl::access::mode::write>(cgh);
27 cgh.parallel_for(range, [=](sycl::item<1> item) {
28 size_t id = item.get_id(0);
29 // Create an engine object with offset id * 2^64
30 oneapi::mkl::rng::device::mrg32k3a<vec_size> engine(seed, {0, id});
31 engine_acc[id] = engine;
32 });
33 });
34 // Kernel for random numbers generation
35 queue.submit([&](sycl::handler& cgh) {
36 auto r_acc = r_buf.template get_access<sycl::access::mode::write>(cgh);
37 // Create an accessor to sycl::buffer with engines to read initialized states
38 auto engine_acc = engine_buf.template get_access<sycl::access::mode::read>(cgh);
39 cgh.parallel_for(range, [=](sycl::item<1> item) {
40 size_t id = item.get_id(0);
41

42

43 auto engine = engine_acc[id];
44 oneapi::mkl::rng::device::uniform distr;
45 auto res = oneapi::mkl::rng::device::generate(distr, engine);
46

47

48 res.store(id, r_acc);
(continues on next page)
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(continued from previous page)

49 });
50 });
51

52

53 auto r_acc = r_buf.template get_access<sycl::access::mode::read>();
54 std::cout << "Samples of uniform distribution" << std::endl;
55 for(int i = 0; i < 10; i++) {
56 std::cout << r_acc[i] << std::endl;
57 }
58

59

60 return 0;
61 }

ExampleofRandomNumbersGenerationwithHost-sideHelpersUsage

1 #include<iostream>
2 #include <CL/sycl.hpp>
3

4

5 #include "oneapi/mkl/rng/device.hpp"
6

7

8 int main() {
9 sycl::queue queue;
10 const int n = 1000;
11 const int seed = 1;
12 const int vec_size = 4;
13 // prepare array for random numbers
14 std::vector<float> r(n);
15 sycl::buffer<float, 1> r_buf(r.data(), r.size());
16 sycl::range<1> range(n / vec_size);
17

18

19 // offset of each engine in engine_descriptor
20 int offset = vec_size;
21 // each engine would be created in enqueued task as of specified range
22 // as oneapi::mkl::rng::device::mrg32k3a<vec_size>(seed, id * offset);
23 oneapi::mkl::rng::device::engine_descriptor<oneapi::mkl::rng::device::mrg32k3a<vec_size>>
24 descr(queue, range, seed, offset);
25 queue.submit([&](sycl::handler& cgh) {
26 auto r_acc = r_buf.template get_access<sycl::access::mode::write>(cgh);
27 // create engine_accessor
28 auto engine_acc = descr.get_access(cgh);
29 cgh.parallel_for(range, [=](sycl::item<1> item) {
30 size_t id = item.get_id(0);
31 // load engine from engine_accessor
32 auto engine = engine_acc.load(id);
33 oneapi::mkl::rng::device::uniform<Type> distr;

(continues on next page)
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(continued from previous page)

34

35

36 auto res = oneapi::mkl::rng::device::generate(distr, engine);
37

38

39 res.store(id, r_acc);
40 // store engine for furter calculations if needed
41 engine_acc.store(engine, id);
42 });
43 });
44

45

46 auto r_acc = r_buf.template get_access<sycl::access::mode::read>();
47 std::cout << "Samples of uniform distribution" << std::endl;
48 for(int i = 0; i < 10; i++) {
49 std::cout << r_acc[i] << std::endl;
50 }
51

52

53 return 0;
54 }

Additionally, examples that demonstrate usage of randomnumber generators device routines are available in:

${MKL}/examples/dpcpp_device/rng/source

DeviceGenerateRoutines

Use the oneapi::mkl::rng::device::generate or oneapi::mkl::rng::device::generate_single rou-
tines to obtain randomnumbers from a given enginewith proper statistics of a given distribution.

oneapi::mkl::rng::device::generate

Entry point to obtain randomnumbers from a given enginewith proper statistics of a given distribution.

• API

API

Syntax

template<typename Distr, typename Engine>
auto generate(Distr& distr, Engine& engine) ->
typename std::conditional<Engine::vec_size == 1, typename Distr::result_type,
sycl::vec<typename Distr::result_type, Engine::vec_size>>::type

993



Intel® oneAPIMath Kernel Library

IncludeFiles

• oneapi/mkl/rng/device.hpp

InputParameters

Name Type Description
distr Distr& Distribution object. SeeDeviceDistributions for des.
engine En-

gine&
Engine object. See Device Engines (Basic Random Number Generators) for de-
tails.

OutputParameters

Name Type Description
result sycl::vec<typename Distr::

result_type, Engine::vec_-
size> or typename Distr::
result_type

Function returns sycl::vec of type specified by the Distri-
bution object and vector size specified by the Engine ob-
ject filled with random numbers or a scalar random number
in case vec_size =1.

oneapi::mkl::rng::device::generate_single

Entry point to obtain a single random number from a given vector engine with proper statistics of a given distri-
bution.

• API

API

Syntax

template<typename Distr, typename Engine>
typename Distr::result_type generate_single(Distr& distr, Engine& engine)
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IncludeFiles

• oneapi/mkl/rng/device.hpp

InputParameters

Name Type Description
distr Distr& Distribution object. SeeDeviceDistributions for details.
engine En-

gine&
Engine object. See Device Engines (Basic Random Number Generators) for de-
tails.

OutputParameters

Name Type Description
result typename Distr::

result_type
Function returns a scalar randomnumber, may be used for engines
with vec_size > 1.

DeviceEngines (BasicRandomNumberGenerators)

Intel® oneAPIMath Kernel Library (oneMKL) RNGprovides two device pseudorandomnumber generators:

Routine Description
oneapi::mkl::rng::device::mrg32k3a Thecombinedmultiple recursivepseudorandomnumber gen-

erator MRG32k3a [L’Ecuyer99]
oneapi::mkl::rng::device::philox4x32x10 Philox4x32-10 counter-basedpseudorandomnumber genera-

tor with a period of 2 128 PHILOX4X32X10 [Salmon11]
oneapi::mkl::rng::device::mcg31m1 The 31-bit multiplicative congruential pseudorandom number

generatorMCG(1132489760, 232-1) [L’Ecuyer99a].
oneapi::mkl::rng::device::mcg59 The 59-bit multiplicative congruential pseudorandom num-

ber generator MCG(1313, 259) from NAG Numerical Libraries
[NAG].
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oneapi::mkl::rng::device::mrg32k3a

• Description

• API

Description

The combinedmultiple recursive pseudorandomnumber generatorMRG32k3a [L’Ecuyer99a].

API

Syntax

template<std::int32_t VecSize = 1>
class mrg32k3a {
public:
static constexpr std::uint32_t default_seed = 1;
static constexpr std::int32_t vec_size = VecSize;

mrg32k3a() : mrg32k3a(default_seed) {}
mrg32k3a(std::uint32_t seed, std::uint64_t offset = 0);
mrg32k3a(std::initializer_list<std::uint32_t> seed, std::uint64_t offset = 0);
mrg32k3a(std::uint32_t seed, std::initializer_list<std::uint64_t> offset);
mrg32k3a(std::initializer_list<std::uint32_t> seed, std::initializer_list<std::uint64_t>␣

↪→offset);
};

IncludeFiles

• oneapi/mkl/rng/device.hpp

TemplateParameters

Name Type Description
VecSize std::

int32_-
t

Describes the size of vector which will be produced by generate function by this
engine. VecSize values may be 1, 2, 3, 4, 8, 16 as sycl::vec class size. By default
VecSize = 1, for this case, a single randomnumber is returnedby the oneapi::mkl:
:rng::device::generate function.
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Constructors InputParameters

Name Type Description
seed std::uint32_t std:

:initializer_-
list<std::uint32_t>

Initial conditions of the engine state.

offset std::uint64_t std:
:initializer_-
list<std::uint64_t>

number of skipped elements, for initializer_list offset is calcu-
lated as: num_to_skip [0]+ num_to_skip [1]*264 + num_to_skip [2]*
2128 + … + num_to_skip [n-1]*264 *(n-1).

SeeVSNotes for the detailed descriptions.

oneapi::mkl::rng::device::philox4x32x10

• Description

• API

Description

APhilox4x32-10 counter-based pseudorandomnumber generator [Salmon11].

API

Syntax

template<std::int32_t VecSize = 1>
class philox4x32x10 {
public:
static constexpr std::uint64_t default_seed = 1;
static constexpr std::int32_t vec_size = VecSize;
philox4x32x10() : philox4x32x10(default_seed) {}
philox4x32x10(std::uint64_t seed, std::uint64_t offset = 0);
philox4x32x10(std::initializer_list<std::uint64_t> seed, std::uint64_t offset = 0);␣

↪→philox4x32x10(std::uint64_t seed, std::initializer_list<std::uint64_t> offset);
philox4x32x10(std::initializer_list<std::uint64_t> seed, std::initializer_list<std::uint64_t>␣

↪→offset);
};
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IncludeFiles

• oneapi/mkl/rng/device.hpp

TemplateParameters

Name Type Description
VecSize std::

int32_-
t

Describes the size of vector which will be produced by generate function by this
engine. VecSize values may be 1, 2, 3, 4, 8, 16 as sycl::vec class size. By default
VecSize = 1, for this case single random number is returned by the oneapi::mkl::
rng::device::generate function.

Constructors InputParameters

Name Type Description
seed std::uint64_t

std::initializer_-
list<std::uint64_t>

Initial conditions of the engine state.

offset std::uint64_t
std::initializer_-
list<std::uint64_t>

Number of skipped elements, for initializer_list offset is calcu-
lated as: num_to_skip[0]+ num_to_skip [1]*264+ num_to_skip [2] *
2128+ … +num_to_skip[n-1]*264 * (n-1).

SeeVSNotes for detailed descriptions.

oneapi::mkl::rng::device::mcg31m1

• Description

• API

Description

The 31-bit multiplicative congruential pseudorandom number generator MCG(1132489760, 232-1)
[L’Ecuyer99a].

998



Intel® oneAPIMath Kernel Library

API

Syntax

template<std::int32_t VecSize = 1>
class mcg31m1 {
public:
static constexpr std::uint32_t default_seed = 1;
static constexpr std::int32_t vec_size = VecSize;
mcg31m1() : mcg31m1(default_seed) {}
mcg31m1(std::uint32_t seed, std::uint64_t offset = 0);
mcg31m1(std::initializer_list<std::uint32_t> seed, std::uint64_t offset = 0);

};

IncludeFiles

• oneapi/mkl/rng/device.hpp

TemplateParameters

Name Type Description
VecSize std::

int32_-
t

Describes the size of vector that will be produced by generate function by this en-
gine. VecSize values may be 1, 2, 3, 4, 8, 16 as sycl::vec class size. By default
VecSize = 1, for this case, a single randomnumber is returnedby the oneapi::mkl:
:rng::device::generate function.

Constructors InputParameters

Name Type Description
seed std::uint32_t std::initializer_list<std::

uint32_t>
Initial conditions of the engine
state.

offset std::uint64_t Number of skipped elements.

SeeVSNotes for detailed descriptions.
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oneapi::mkl::rng::device::mcg59

• Description

• API

Description

The 59-bit multiplicative congruential pseudorandom number generator MCG(1313, 259) fromNAGNumerical
Libraries [NAG].

API

Syntax

template<std::int32_t VecSize = 1>
class mcg59 {
public:
static constexpr std::uint32_t default_seed = 1;
static constexpr std::int32_t vec_size = VecSize;
mcg59() : mcg59(default_seed) {}
mcg59(std::uint32_t seed, std::uint64_t offset = 0);
mcg59(std::initializer_list<std::uint32_t> seed, std::uint64_t offset = 0);

};

IncludeFiles

• oneapi/mkl/rng/device.hpp

TemplateParameters

Name Type Description
VecSize std::

int32_-
t

Describes the size of vector that will be produced by generate function by this en-
gine. VecSize values may be 1, 2, 3, 4, 8, 16 as sycl::vec class size. By default
VecSize = 1, for this case, a single randomnumber is returnedby the oneapi::mkl:
:rng::device::generate function.
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Constructors InputParameters

Name Type Description
seed std::uint32_t std::initializer_list<std::

uint32_t>
Initial conditions of the engine
state.

offset std::uint64_t Number of skipped elements.

SeeVSNotes for detailed descriptions.

Host-SideHelpers

Intel® oneAPI Math Kernel Library (oneMKL) RNG provides host-side helper-class templates for initializing en-
gines.

Routine Description
oneapi::mkl::rng::device::engine_descriptor Provide an abstraction over sycl::buffer to initial-

ize and store engines’ states between DPC++ ker-
nels.

oneapi::mkl::rng::device::engine_accessor Provide an abstraction over sycl::accessor to ac-
cess engines’ which are hold by engine_descriptor
in kernels.

oneapi::mkl::rng::device::engine_descriptor

Host side helper to provide an abstraction over sycl::buffer to initialize and store engines’ states between
DPC++ kernels.

• Description

• API

Description

engine_descriptorprovidesanabstractionoversycl::buffer to initialize andstoreengines’ statesbetween
SYCL kernels.

Note: Theconstructor of theenginedescriptor submits aparallel_for task to agivenqueue to initialize engines’
states: Each engine is initialized as Engine {seed, id * offset} for scalar offset case, where id is a value
from0 to range.size().
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API

Syntax

template<Engine>
class engine_descriptor {
public:
engine_descriptor(sycl::queue& queue, sycl::range<1> range, std::uint64_t seed, std::uint64_t␣

↪→offset);
template<typename InitEngineFunc>
engine_descriptor(sycl::queue& queue, sycl::range<1> range, InitEngineFunc func);
engine_accessor<Engine> get_access(sycl::handler& cgh);

};

IncludeFiles

• oneapi/mkl/rng/device.hpp

TemplateParameters

Type Description
Engine Specify an engine which state is hold by engine descriptor.

Constructors InputParameters

Name Type Description
queue sycl::queue& sycl::queue object. Task is submitted to this queue to inlize en-

gines’ states directly on the device which is associatedwiueue.
range sycl::range<1> Describes number of engines which are hold by this en_descriptor

object.
seed std::uint64_t std:

:initializer_-
list<std::uint64_t>

Initial conditions of the engine state.

offset std::uint64_t std:
:initializer_-
list<std::uint64_t>

Number of skipped elements, for initializer_list offset is calcu-
lated as num_to_skip [0]+ num_to_skip [1]*264 + num_to_skip [2]*
2128 + … + num_to_skip [n-1]*264 *(n-1).

func InitEngineFunc Functor which would be used to initialize engines. This functor
should takesycl::item<1>asanargumentand returnobjectof type
Engine.
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oneapi::mkl::rng::device::engine_accessor

Hostsidehelper toprovideanabstractionoversycl::accessor toaccessengines’whichareheldbyengine_-
descriptor in kernels.

• Description

• API

Description

engine_accessor provides an abstraction over sycl::accessor to access engines which are held by
engine_descriptor in kernels by the load() and store() functions.

API

Syntax

template<Engine>
class engine_descriptor {
public:
Engine load(size_t id) const
void store(Engine engine, size_t id) const
}

IncludeFiles

• oneapi/mkl/rng/device.hpp

TemplateParameters

Type Description
Engine Specify an engine which state is hold by engine_accessor.
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DeviceServiceRoutines

Routine Description
oneapi::mkl::rng::device::skip_ahead Proceed state of engine by the skip-ahead method to skip a

given number of elements from the original sequence.

oneapi::mkl::rng::device::skip_ahead

• Description

• API

Description

Proceed state of engine by the skip-aheadmethod.

The oneapi::mkl::rng::device::skip_ahead function supports the following interfaces to apply the skip-
aheadmethod:

• Common interface

• Interfacewith a partitioned number of skipped elements

API

Syntax

Common Interface

template<typename_Engine>
void skip_ahead (Engine& engine, std::uint64_t num_to_skip)

Interfacewith apartitionednumber of skippedelements

template<typename_Engine>
void skip_ahead (Engine& engine, std::initializer_list<std::uint64_t> num_to_skip)
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IncludeFiles

• oneapi/mkl/rng/device.hpp

TemplateParameters

Common Interface

Name Type Description
engine Engine& Object of engine class, which supports the block-splittingmethod.
num_to_skip std::uint64_t Number of skipped elements.

Interfacewith aPartitionedNumber ofSkippedElements

Name Type Description
engine Engine& Object of engine class, which supports the block-

splittingmethod.
num_to_-
skip

std::initializer_list<std::
uint64_t>

Partitioned number of skipped elements.

DeviceDistributions

oneMKLRNGroutines are used togenerate randomnumberswith different typesof distribution. Each function
group is introduced below by the type of underlying distribution and contains a short description of its func-
tionality, as well as specifications of the call sequence and the explanation of input and output parameters. The
DeviceContinuousDistributionGenerators table andDeviceDiscreteDistributionGenerators table list the ran-
dom number generator routines with data types and output distributions, and sets correspondence between
data types of the generator routines and the basic randomnumber generators.

DeviceContinuousDistributionGenerators

Type of Distribution Data
Types

BRNG Data
Type

Description

oneapi::mkl::rng::device::uniform
(Continuous)

s, d s, d Uniform continuous distribution on
the interval [a,b)

oneapi::mkl::rng::device::gaussian s, d s, d Normal (Gaussian) distribution
oneapi::mkl::rng::device::lognormal s, d s, d Lognormal distribution

DeviceDiscreteDistributionGenerators
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Type of Distribution Data
Types

BRNG Data
Type

Description

oneapi::mkl::rng::device::uniform
(Discrete)

s Uniform discrete distribution on the
interval [a,b)

oneapi::mkl::rng::device::bits i i Bits of underlying BRNG integer re-
currence

oneapi::mkl::rng::device::bernoulli i i Bernoulli distribution

oneapi::mkl::rng::device::uniform (Continuous)

Generates randomnumbers with uniform distribution.

• Description

• API

Description

The oneapi::mkl::rng::device::uniform class object is used in the oneapi::mkl::rng::device::
generate function to provide random numbers uniformly distributed over the interval [a, b), where a, b are the
left and right bounds of the interval, respectively, and a, b∈R ; a < b.

The probability density function is given by:

Fa,b(x) =

{
1

b−a , x ∈ [a, b)

1, x /∈ [a, b)
,−∞ < x < +∞

The cumulative distribution function is as follows:

Fa,b(x) =


0, x < a
x−a
b−a , a ≤ x < b

1, x ≥ b

,−∞ < x < +∞

API

Syntax
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namespace oneapi::mkl::lapack {
template<typename Type, typename Method>
class uniform {public:
using method_type = Method;
using result_type = Type;
uniform(): uniform((Type)0.0,
(Type)1.0){};
explicit uniform(Type a, Type b);
explicit uniform(const param_type& pt);
Type a() const;
Type b() const;
param_type param() const;
void param(const param_type& pt);
};

}

IncludeFiles

• oneapi/mkl/rng/device.hpp

TemplateParameters

typename
Type

Type of the produced values. The specific values are as follows: float double

typename
Method

Generation method. The specific values are as follows: oneapi::mkl::rng::device::
uniform_method::standard oneapi::mkl::rng::device::uniform_method::accurate

See brief descriptions of themethods inDistributions Template ParameterMethod

InputParameters

Name Type Description
a Type (float, double) Left bound a
b Type (float, double) Right bound b

1007



Intel® oneAPIMath Kernel Library

oneapi::mkl::rng::device::gaussian

Generates normally distributed randomnumbers.

• Description

• API

Description

The oneapi::mkl::rng::device::gaussian class object is used in the oneapi::mkl::rng::device::
generate function to provide randomnumberswith normal (Gaussian) distributionwithmean (a) and standard
deviation (stddev, σ), where a, σ ∈ R ; σ > 0.

The probability density function is given by:

fa,σ(x) =
1

σ
√
2π

exp
(
−(y − a)2

2σ2

)
dy,−∞ < x < +∞

The cumulative distribution function is as follows:

Fa,σ(x) =

∫ x

−∞

1

σ
√
2π

exp
(
−(y − a)2

2σ2

)
dy,−∞ < x < +∞

Thecumulativedistribution functionFa, σ(x)canbeexpressed in termsof standardnormal distributionϕ(x) as

F

a, σ(x) = ϕ((x− a)/σ)

API

Syntax

template<typename RealType, typename Method>
class gaussian {
public:
using method_type = Method;
using result_type = RealType;
gaussian(): gaussian((RealType)0.0, (RealType)1.0){}
explicit gaussian(RealType mean, RealType stddev);
explicit gaussian(const param_type& pt);
RealType mean() const;
RealType stddev() const;
param_type param() const;
void param(const param_type& pt);
};
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IncludeFiles

• oneapi/mkl/rng/device.hpp

TemplateParameters

typename
RealType

Type of the produced values. The specific values are as follows:
float
double

typename
Method

Generationmethod. The specific values are as follows:
oneapi::mkl::rng::device::gaussian_method::box_muller2

InputParameters

Name Type Description
mean RealType (float, double) Mean value a.
stddev RealType (float, double) Standard deviation σ.

oneapi::mkl::rng::device::lognormal

Generates lognormally distributed randomnumbers.

• Description

• API

Description

The oneapi::mkl::rng::device::lognormal class object is used in the oneapi::mkl::rng::device::
generate function to provide random numbers with average of distribution (m, a) and standard deviation (s,
σ) of subject normal distribution, displacement (displ, b), and scalefactor (scale, β), where a, σ, b, β ∈ R
; σ > 0 , β > 0.

The probability density function is given by:

Fa,σ,b,β(x) =

 1
σ(x−b)

√
2π
exp

(
−

ln(x−b
β

)−a)2

2σ2

)
, x > b

0, x ≤ b

The cumulative distribution function is as follows:

Fa,σ,b,β(x) =

Φ

(
ln(x−b

β
)−a

σ

)
, x > b

0, x ≤ b
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API

Syntax

template<typename RealType, typename Method>
class lognormal { public:
using method_type = Method; using result_type = RealType;
lognormal(): lognormal((RealType)0.0, (RealType)1.0, (RealType) 0.0,
(RealType)1.0){} explicit lognormal(RealType m, RealType s, RealType displ =
(RealType)0.0, RealType scale = (RealType)1.0);

explicit lognormal(const param_type& pt);
RealType m() const;
RealType s() const;
RealType displ() const;
RealType scale() const;
param_type param() const;
void param(const param_type& pt);
};

IncludeFiles

• oneapi/mkl/rng/device.hpp

TemplateParameters

typename
RealType

Type of the produced values. The specific values are as follows:
float
double

typename
Method

Generationmethod. The specific values are as follows:
oneapi::mkl::rng::device::lognormal_method::box_muller2

InputParameters

Name Type Description
m RealType (float, double) Average a of the subject normal distribution.
s RealType (float, double) Standard deviation σ of the subject normal distribution.
displ RealType (float, double) Displacement displ.
scale RealType (float, double) Scalefactor scale.
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oneapi::mkl::rng::device::exponential

Generates exponentially distributed randomnumbers.

• Description

• API

Description

The oneapi::mkl::rng::device::exponential class object is used in oneapi::mkl::rng::device::
generate function toprovide randomnumberswith exponential distribution that hasdisplacementa and scale-
factor β, where a, β ∈ R;β > 0.

The probability density function is given by:

Fa,β(x) =

{
1
β exp(−

(x−a)
β ), x ≥ a

0, x < a
,−∞ < x < +∞

The cumulative distribution function is as follows:

Fa,β(x) =

{
1− exp(− (x−a)

β ), x ≥ a

0, x < a
,−∞ < x < +∞

API

Syntax

template<typename RealType, typename Method>
class exponential {
public:
using method_type = Method;
using result_type = RealType;
exponential(): exponential((RealType)0.0, (RealType)1.0){}
explicit exponential(RealType mean, RealType stddev);
explicit exponential(const param_type& pt);
RealType a() const;
RealType beta() const;
param_type param() const;
void param(const param_type& pt);

};

1011



Intel® oneAPIMath Kernel Library

IncludeFiles

• oneapi/mkl/rng/device.hpp

TemplateParameters

typename
RealType

Type of the produced values. The specific values are as follows:
float
double

typename
Method

Generationmethod. The specific values are as follows:
oneapi::mkl::rng::device::exponential_method::icdf
oneapi::mkl::rng::device::exponential_method::icdf_accurate
See brief descriptions of themethods inDistributions Template ParameterMethod

InputParameters

Name Type Description
a RealType (float, double) Displacement a.
beta RealType (float, double) Scalefactor β.

oneapi::mkl::rng::device::uniform (Discrete)

Generates randomnumbers uniformly distributed over the interval [a, b).

• Description

• API

Description

Theoneapi::mkl::rng::device::uniformclassobject isused inoneapi::mkl::rng::device::generate
functions toprovide randomnumbersuniformlydistributedover the interval[a, b), wherea, bare the left and
right bounds of the interval respectively, and a, b∈Z; a < b.

The probability distribution is given by:

P (X = k) =
1

b− a
, k ∈ {a, a+ 1, . . . , b− 1}

The cumulative distribution function is as follows:

Fa,b(x) =


0, x < a
x−a+1
b−a , a ≤ x < b

1, x ≥ b

, x ∈ R
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API

Syntax

template<typename Type, typename Method>
class uniform<std::(u)int32_t, Method> {
public:
using method_type = Method;
using result_type = Type;
uniform(): uniform((Type)0,

std::is_same<Method,
uniform_method::standard>::value ? (1 << 23) :
std::numeric_limits<Type>::max()){};

explicit uniform(Type a, Type b);
explicit uniform(const param_type& pt);
Type a() const;
Type b() const;
param_type param() const;
void param(const param_type& pt);
};

IncludeFiles

• oneapi/mkl/rng/device.hpp

TemplateParameters

typename
Method

Generationmethod. The specific values are as follows:
oneapi::mkl::rng::device::uniform_method::standard
oneapi::mkl::rng::device::uniform_method::accurate
See brief descriptions of themethods inDistributions Template ParameterMethod.

Note: The oneapi::mkl::rng::device::uniform_method::standard uses the s BRNG type. This
might cause the produced numbers to have incorrect statistics (due to rounding error) when (abs(b–a) >
223||abs(b) > 223||abs(a) > 223). To get proper statistics for this case, use the oneapi::mkl::rng::device::
uniform_method::accuratemethod instead.
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InputParameters

Name Type Description
c std::int32_t

std::uint32_t
Left bound a

d std::int32_t
std::uint32_t

Right bound b

oneapi::mkl::rng::device::bits

Generates bits of underlying engine (BRNG) integer recurrence.

• Description

• API

Description

Theoneapi::mkl::rng::device::bits class object is used togenerate integer randomvalues. Each integer
can be treated as a vector of several bits. In a truly random generator, these bits are random, while in pseudo-
randomgenerators this randomness can be violated. SeeVSNotes for details.

API

Syntax

template<typename UIntType = std::uint32_t>
class bits {
using result_type = UIntType;
};

IncludeFiles

• oneapi/mkl/rng/device.hpp
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TemplateParameters

typename UIntType = std::
uint32_t

Type of the produced values. The specific values are as follows:
std::uint32_t

oneapi::mkl::rng::device::poisson

Generates Poisson distributed random values.

• Description

• API

Description

The oneapi::mkl::rng::device::poisson class object is used in the oneapi::mkl::rng::device::
generate function to provide Poisson distributed random numbers with distribution parameter �, where λ∈R;
λ > 0.

The probability distribution is given by:

P (X = k) =
λke−λ

k!

k ∈ {0, 1, 2, . . .}.

The cumulative distribution function is as follows:

Fλ(x) =

{∑⌊x⌋
k=0

λke−λ

k! , x ≥ 0

0, x < 0
, x ∈ R

API

Syntax

template<typename IntType, typename Method>
class poisson {
public:
using method_type = Method;
using result_type = IntType;
poisson(): poisson(0.5){} explicit poisson(double lambda);
explicit poisson(const param_type& pt);
double lambda() const;
param_type param() const;
void param(const param_type& pt);
};
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IncludeFiles

• oneapi/mkl/rng/device.hpp

TemplateParameters

Name Description
typename
IntType

Type of the produced values. The specific values are as follows:
std::int32_t
std::uint32_t

typename
Method

Generationmethod. The specific values are as follows:
oneapi::mkl::rng::device::poisson_method::devroye

Note: The Poisson oneapi::mkl::rng::device::poisson_method::devroye method uses the following
underlyingmethods depending on the lambda parameter:

• table-lookupmethod for small lambdas (λ < 60)

• Devroye’smethod [Devroye] for medium lambdas (60≤ λ < 1000)

• Gaussian approximation for huge lambdas (λ ≥ 1000)

InputParameters

Name Type Description
lambda double Distribution parameter �.

oneapi::mkl::rng::device::bernoulli

Generates Bernoulli distributed random values.

• Description

• API
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Description

The oneapi::mkl::rng::device::bernoulli class object is used in the oneapi::mkl::rng::device::
generate function to provide Bernoulli distributed random numbers with probability p of a single trial success,
where pϵR; 0 ≤ p ≤ 1.

A variate is called Bernoulli distributed if after a trial it is equal to 1 with probability of success p and to 0 with
probability 1 - p.

The probability distribution is given by:

P(X=1) = p

P(X=0) = 1 - p

The cumulative distribution function is as follows:

Fp(x) =


0, x < 0

1− p, 0 ≤ x < 1, x ∈ R

1, x ≥ 1

API

Syntax

template<typename IntType, typename Method>
class bernoulli {
public:
using method_type = Method;
using result_type = IntType;
bernoulli(): bernoulli(0.5f){}
explicit bernoulli(float p);
explicit bernoulli(const param_type& pt);
float p() const;
param_type param() const;
void param(const param_type& pt);

};

IncludeFiles

• oneapi/mkl/rng/device.hpp
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TemplateParameters

typename_-
IntType

Type of the produced values. The specific values are as follows:
std::int32_t
std::uint32_t

typename
Method

Generationmethod. The specific values are as follows:
oneapi::mkl::rng::device::bernoulli_method::icdf
See brief descriptions of themethods inDistributions Template ParameterMethod.

InputParameters

Name Type Description
p float Success probability p of a trial.
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14.0 SummaryStatistics

Intel® oneAPI Math Kernel Library (oneMKL) provides Data Parallel C++ interfaces for the Summary Statistics
routines that compute basic statistical estimates for single and double precisionmulti-dimensional datasets.

14.1 Definitions

Structdataset consolidates the informationof amulti-dimensionaldataset (seedetaileddescription inDataset).
All computational routines are represented as free functions (see detailed description for each routine inSum-
maryStatistics Routines):

• Raw and central sums/moments up to the fourth order

• Variation coefficient

• Skewness and excess kurtosis (further referred to as a kurtosis)

• Minimum andmaximum

14.2 Routines

14.2.1 oneMKLSummaryStatisticsUsageModel

• Description

• Example of SummaryStatisticsUsage

Description

A typical algorithm for randomnumber generators is as follows:

1. Create and initialize the object for the dataset.

2. Call the summary statistics routine to calculate the appropriate estimate.

The following example demonstrates how to calculate mean values for a 3-dimentional dataset filled with ran-
domnumbers. For dataset creation, the make_dataset helper function is used.

ExampleofSummaryStatisticsUsage

BufferAPI
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#include <iostream>
#include <vector>

#include “CL/sycl.hpp”
#include “oneapi/mkl/stats.hpp”

int main() {
sycl::queue queue;

const size_t n_observations = 1000;
const size_t n_dims = 3;
std::vector<float> x(n_observations * n_dims);
// fill x storage with random numbers
for(int i = 0; i < n_dims, i++) {

for(int j = 0; j < n_observations; j++) {
x[j + i * n_observations] = float(std::rand()) / float(RAND_MAX);

}
}
//create buffer for dataset
sycl::buffer<float, 1> x_buf(x.data(), x.size());
// create buffer for mean values
sycl::buffer<float, 1> mean_buf(n_dims);
// create mkl::stats::dataset
auto dataset = oneapi::mkl::stats::make_dataset<mkl::stats::layout::row_major>(n_dims, n_

↪→observations, x_buf);

oneapi::mkl::stats::mean(queue, dataset, mean_buf);

// create host accessor for mean_buf to print results
auto acc = mean_buf.template get_access<sycl::access::mode::read>();

for(int i = 0; i < n_dims; i++) {
std::cout << “Mean value for dimension ” << i << “: ”<< acc[i]<<

std::endl;
}
return 0;

}
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USMAPI

#include <iostream>
#include <vector>

#include “CL/sycl.hpp”
#include “oneapi/mkl/stats.hpp”

int main() {
sycl::queue queue;

const size_t n_observations = 1000;
const size_t n_dims = 3;

sycl::usm_allocator<float, sycl::usm::alloc::shared> allocator(queue);

std::vector<float, decltype(allocator)> x(n_observations * n_dims, allocator);
// fill x storage with random numbers
for(int i = 0; i < n_dims, i++) {

for(int j = 0; j < n_observations; j++) {
x[j + i * n_observations] = float(std::rand()) / float(RAND_MAX);

}
}
std::vector<float, decltype(allocator)> mean_buf(n_dims, allocator);
// create mkl::stats::dataset
auto dataset = oneapi::mkl::stats::make_dataset<mkl::stats::layout::row_major>(n_dims, n_

↪→observations, x);

sycl::event event = oneapi::mkl::stats::mean(queue, dataset, mean);
event.wait();
for(int i = 0; i < n_dims; i++) {

std::cout << “Mean value for dimension ” << i << “: ”<< mean[i]<<
std::endl;

}
return 0;

}

You can also use USMwith raw pointers by using the sycl::malloc_shared/malloc_device functions. Ad-
ditionally, examples that demonstrate usage of summary statistics functionality are available in:

${MKL}/examples/dpcpp/stats/source
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14.2.2 SummaryStatisticsDeviceSupport

Data Parallel C++ supports several types of devices:

• CPUdevice: Performs computations on aCPUusingOpenCL™

• GPUdevice: Performs computations on aGPU

All Data Parallel C++ routines of oneMKL summary statistics support the CPU andGPUdevices.

14.2.3 Dataset

The oneapi::mkl::stats::dataset structure consolidates information of amulti-dimensional dataset.

• API

API

Syntax

namespace oneapi::mkl::stats {
template<layout ObservationsLayout = layout::row_major,
typename Type = float*>

namespace oneapi::mkl::stats {
struct dataset {}

}

BufferAPI specialization

namespace oneapi::mkl::stats {

template<layout ObservationsLayout, typename Type>struct dataset<ObservationsLayout, sycl::
↪→buffer<Type, 1>> {

explicit dataset(std::int64_t n_dims_, std::int64_t n_observations_,
sycl::buffer<Type, 1> observations_, sycl::buffer<Type, 1> weights_ = {0},
sycl::buffer<std::int64_t, 1> indices_ = {0}) : n_dims(n_dims_), n_observations(n_

↪→observations_), observations(observations_),
weights(weights_), indices(indices_);

std::int64_t n_dims;
std::int64_t n_observations;
sycl::buffer<Type, 1> observations;
sycl::buffer<Type, 1> weights = {0};
sycl::buffer<std::int64_t, 1> indices = {0};
static constexpr layout layout = ObservationsLayout;
};
}

USMAPI specialization
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namespace oneapi::mkl::stats {

template< layout ObservationsLayout, typename Type>
struct dataset<ObservationsLayout, Type*> {

explicit dataset(std::int64_t n_dims_, std::int64_t n_observations_, Type* observations_,
Type* weights_ = nullptr, std::int64_t* indices_ = nullptr) :
n_dims(n_dims_), n_observations(n_observations_),
observations(observations_),
weights(weights_), indices(indices_);

std::int64_t n_dims;
std::int64_t n_observations;
Type* observations;
Type* weights = nullptr;
std::int64_t* indices = nullptr;
static constexpr layout layout = ObservationsLayout;
};
}

IncludeFiles

• oneapi/mkl/stats.hpp

TemplateParameters

typename DataType Type of dataset. May be sycl::buffer<float,1>, sycl::buffer<double,
1> (for buffer-based dataset) or float*, double* (for USM-based dataset).

oneapi::mkl::
stats::layout
ObservationsLayout

Layout of the observationsmatrix of the dataset. The specific values are as fol-
lows: oneapi::mkl::stats::layout::row_major oneapi::mkl::stats::
layout::col_major
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StructMembers

Name Type Description
n_dims std::int64_t The number of dimensions (variables)
n_ob-
serva-
tions

std::int64_t The number of observations

layout oneapi::mkl::
stats::layout

Characterize thematrix of observations layout (rowor columnmajor)

obser-
vations

sycl::
buffer<Type, 1>
/ Type*

Matrix of observations.

weights sycl::
buffer<Type, 1>
/ Type*

Array of weights of size n_observations. Elements of the arrays are
non-negative numbers. If the parameter is not specified, each obser-
vation is assigned aweight equal to 1.

indices sycl::buffer<std:
:int64_t, 1> /
std::int64_t*

Array of vector components that will be processed. Size of array is
n_dims. If theparameter isnot specified, all componentsof thevector
are processed.

14.2.4 ServiceFunctions toCreateDataset

Use these functions to create a dataset.

oneapi::mkl::stats::make_dataset

• Description

• API

Description

Entry point to create a dataset from the provided parameters.

API

Syntax

BufferAPI
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template<layout ObservationsLayout = layout::row_major,
typename Type> dataset<ObservationsLayout,
sycl::buffer<Type, 1>> make_dataset(std::int64_t n_dims,
std::int64_t n_observations,
sycl::buffer<Type, 1> observations,
sycl::buffer<Type, 1> weights = {0},
sycl::buffer<std::int64_t, 1> indices = {0});

USMAPI

template<layout ObservationsLayout = layout::row_major,
typename Type> dataset<ObservationsLayout,
Type*> make_dataset(std::int64_t n_dims,
std::int64_t n_observations,
Type* observations, Type* weights = nullptr,
std::int64_t* indices = nullptr);

IncludeFiles

• oneapi/mkl/stats.hpp

TemplateParameters

typename DataType Type of dataset. May be float, double.
oneapi::mkl::stats::layout
ObservationsLayout

Layout of the observations matrix of the dataset.
The specific values are as follows: oneapi::mkl:
:stats::layout::row_major oneapi::mkl::
stats::layout::col_major

InputParameters

Name Type Description
n_dims std::int64_t The number of dimensions (variables)
n_observations std::int64_t The number of observations
observations sycl::buffer<Type, 1> / Type* Matrix of observations

Optional InputParameters
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Name Type Description
weights sycl::buffer<Type,

1> / Type*
Array of weights of size n_observations. Elements of the arrays are
non-negative numbers. If the parameter is not specified, each obser-
vation is assignedweight equal to 1.

indices sycl::buffer<std:
:int64_t, 1> /
std::int64_t*

Array of vector components that will be processed. Size of array is
n_dims. If the parameter is not specified, all components of the ran-
dom vector are processed.

ReturnType

BufferAPI

oneapi::mkl::stats::dataset<ObservationsLayout, sycl::
buffer<Type, 1>>

Dataset holding specified pa-
rameters

USMAPI

oneapi::mkl::stats::dataset<ObservationsLayout,
Type*>

Dataset holding specified parame-
ters

14.2.5 SummaryStatisticsRoutines

TheSummary Statistics routines calculate:

• Raw and central sums/moments up to the fourth order

• Variation coefficient

• Skewness and excess kurtosis (further referred to as a kurtosis)

• Minimum andmaximum

oneapi::mkl::stats::raw_sum

• Description

• API
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Description

Entry point to compute arrays of raw sums up to the 4th order.

API

Syntax

BufferAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
void raw_sum(sycl::queue& queue,

const dataset<ObservationsLayout, sycl::buffer<Type, 1>>& data,
sycl::buffer<Type, 1> sum,
sycl::buffer<Type, 1> raw_sum_2 = {0},
sycl::buffer<Type, 1> raw_sum_3 = {0},
sycl::buffer<Type, 1> raw_sum_4 = {0});

USMAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
sycl::event max(

sycl::queue& queue,
const dataset<ObservationsLayout, Type*>& data,
Type* max,
const std::vector<sycl::event> &dependencies = {});

IncludeFiles

• oneapi/mkl/stats.hpp

TemplateParameters

Name Description
oneapi::mkl::stats::method
Method = oneapi::mkl::stats::
method::fast

Computation method. The specific values are as follows:
oneapi::mkl::stats::method::fast oneapi::mkl::stats:
:method::one_pass
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InputParameters

Name Type Description
queue sycl::queue& Valid sycl::queue, calls of the oneapi:

:mkl::stats::raw_sum() routine sub-
mits kernels in this queue.

data const dataset<ObservationsLayout,
Type*>&

Datasetwhich isused forestimatescom-
putation.

Optional InputParameters forUSMAPI

Name Type Description
dependen-
cies

const std::vector <sycl::
event> &

List of events to wait for before starting computa-
tion, if any.

OutputParameters

BufferAPI

Name Type Description
sum sycl::buffer<Type,

1>
sycl::buffer to the output array of sum.

raw_-
sum_2

sycl::buffer<Type,
1>

sycl::buffer to the output array of raw sums of the 2nd order
(optional).

raw_-
sum_3

sycl::buffer<Type,
1>

sycl::buffer to theoutputarrayof rawsumsof the3rdorder (op-
tional).

raw_-
sum_4

sycl::buffer<Type,
1>

sycl::buffer to theoutputarrayof rawsumsof the4thorder (op-
tional).

USMAPI

Name Type Description
sum Type* Pointer to the output array of sum.
raw_sum_2 Type* Pointer to the output array of raw sums of the 2nd order (optional).
raw_sum_3 Type* Pointer to the output array of raw sums of the 3rd order (optional).
raw_sum_4 Type* Pointer to the output array of raw sums of the 4th order (optional).
event sycl::event Function returns event after submitting task in sycl::queue.
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oneapi::mkl::stats::central_sum

• Description

• API

Description

Entry point to compute arrays of central sums up to the 4th order.

API

Syntax

BufferAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
void central_sum(sycl::queue& queue,

const dataset<ObservationsLayout, sycl::buffer<Type, 1>>& data,
sycl::buffer<Type, 1> central_sum_2,
sycl::buffer<Type, 1> central_sum_3 = {0},
sycl::buffer<Type, 1> central_sum_4 = {0});

USMAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
sycl::event central_sum(sycl::queue& queue,

const dataset<ObservationsLayout, Type*>& data,
Type* central_sum_2,
Type* central_sum_3 = nullptr,
Type* central_sum_4 = nullptr,
const std::vector<sycl::event> &dependencies = {});

IncludeFiles

• oneapi/mkl/stats.hpp
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TemplateParameters

oneapi::mkl::stats::method
Method = oneapi::mkl::stats::
method::fast

Computation method. The specific values are as follows:
oneapi::mkl::stats::method::fast oneapi::mkl::stats:
:method::one_pass

InputParameters

Name Type Description
queue sycl::queue& Valid sycl::queue, calls of the oneapi:

:mkl::stats::central_sum() routine
submits kernels in this queue.

data const dataset<ObservationsLayout,
Type*>&

Datasetwhich isused forestimatescom-
putation.

Optional InputParameters forUSMAPI

Name Type Description
dependen-
cies

const std::vector <sycl::
event> &

List of events to wait for before starting computa-
tion, if any.

OutputParameters

BufferAPI

Name Type Description
central_-
sum_2

sycl::
buffer<Type, 1>

sycl::buffer to the output array of central sums of the 2nd or-
der (optional).

central_-
sum_3

sycl::
buffer<Type, 1>

sycl::buffer to theoutput arrayof central sumsof the3rdorder
(optional).

central_-
sum_4

sycl::
buffer<Type, 1>

sycl::buffer to theoutput arrayof central sumsof the4thorder
(optional).

USMAPI

Name Type Description
central_sum_2 Type* Pointer to the output array of central sums of the 2nd order (optional).
central_sum_3 Type* Pointer to the output array of central sums of the 3rd order (optional).
central_sum_4 Type* Pointer to the output array of central sums of the 4th order (optional).
event sycl::event Function returns event after submitting task in sycl::queue.
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oneapi::mkl::stats::central_sumwithUser-providedMean

• Description

• API

Description

Entry point to compute arrays of central sums up to the 4th order withmean provided by the user.

API

Syntax

BufferAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
void central_sum(sycl::queue& queue,

sycl::buffer<Type, 1> mean,
const dataset<ObservationsLayout, sycl::buffer<Type, 1>>& data,
sycl::buffer<Type, 1> central_sum_2,
sycl::buffer<Type, 1> central_sum_3 = {0},
sycl::buffer<Type, 1> central_sum_4 = {0});

USMAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
sycl::event central_sum(sycl::queue& queue,

Type* mean,
const dataset<ObservationsLayout, Type*>& data,
Type* central_sum_2,
Type* central_sum_3 = nullptr,
Type* central_sum_4 = nullptr,
const std::vector<sycl::event> &dependencies = {});;

IncludeFiles

• oneapi/mkl/stats.hpp
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TemplateParameters

oneapi::mkl::stats::method Method =
oneapi::mkl::stats::method::fast

Computationmethod. Thespecificvaluesareas fol-
lows: oneapi::mkl::stats::method::fast

InputParameters

Name Type Description
queue sycl::queue& Valid sycl::queue, calls of the oneapi:

:mkl::stats::central_sum()
routine submits kernels in this queue.

data const dataset<ObservationsLayout,
Type*>&

Datasetwhich isused forestimatescom-
putation.

BufferAPI

Name Type Description
mean sycl::buffer<Type,1> sycl::buffer to the array of mean values provided by the user.

USMAPI

Name Type Description
mean Type* Pointer to the output array of mean values provided by the user.

OutputParameters

BufferAPI

Name Type Description
central_-
sum_2

sycl::buffer<Type,
1>

sycl::buffer to the output array of central sums of the 2nd
order.

central_-
sum_3

sycl::buffer<Type,
1>

sycl::buffer to the output array of central sums of the 3rd
order.

central_-
sum_4

sycl::buffer<Type,
1>

sycl::buffer to the output array of central sums of the 4th
order.

USMAPI
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Name Type Description
central_sum_2 Type* Pointer to the output array of central sums of the 2nd order.
central_sum_3 Type* Pointer to the output array of central sums of the 3rd order.
central_sum_4 Type* Pointer to the output array of central sums of the 4th order.
event sycl::event Function returns event after submitting task in sycl::queue.

oneapi::mkl::stats::raw_moment

• Description

• API

Description

Entry point to compute arrays of rawmoments up to 4th order.

API

Syntax

BufferAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
void raw_moment(sycl::queue& queue,

const dataset<ObservationsLayout, sycl::buffer<Type, 1>>& data,
sycl::buffer<Type, 1> mean,
sycl::buffer<Type, 1> raw_moment_2 = {0},
sycl::buffer<Type, 1> raw_moment_3 = {0},
sycl::buffer<Type, 1> raw_moment_4 = {0});

USMAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
sycl::event raw_moment(sycl::queue& queue,

const dataset<ObservationsLayout, Type*>& data,
Type* mean,
Type* raw_moment_2 = nullptr,
Type* raw_moment_3 = nullptr,
Type* raw_moment_4 = nullptr,
const std::vector<sycl::event> &dependencies = {});
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IncludeFiles

• oneapi/mkl/stats.hpp

TemplateParameters

Name Description
oneapi::mkl::stats::method
Method = oneapi::mkl::stats::
method::fast

Computation method. The specific values are as follows:
oneapi::mkl::stats::method::fast oneapi::mkl::stats:
:method::one_pass

InputParameters

Name Type Description
queue sycl::queue& Valid sycl::queue, calls of the oneapi:

:mkl::stats::raw_moment() routine
submits kernels in this queue.

data const dataset<ObservationsLayout,
Type*>&

Datasetwhich isused forestimatescom-
putation.

Optional InputParameters forUSMAPI

Name Type Description
dependen-
cies

const std::vector <sycl::
event> &

List of events to wait for before starting computa-
tion, if any.

OutputParameters

BufferAPI
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Name Type Description
mean sycl::

buffer<Type,
1>

sycl::buffer to the output array of mean values.

raw_mo-
ment_2

sycl::
buffer<Type,
1>

sycl::buffer to the output array of rawmoments of the 2nd or-
der (optional).

raw_mo-
ment_3

sycl::
buffer<Type,
1>

sycl::buffer to the output array of rawmoments of the 3rd or-
der (optional).

raw_mo-
ment_4

sycl::
buffer<Type,
1>

sycl::buffer to the output array of rawmoments of the 4th or-
der (optional).

USMAPI

Name Type Description
mean Type* Pointer to the output array of mean values.
raw_moment_2 Type* Pointer to the output array of rawmoments of the 2ndorder (optional).
raw_moment_3 Type* Pointer to the output array of rawmoments of the 3rd order (optional).
raw_moment_4 Type* Pointer to the output array of rawmoments of the 4th order (optional).
event sycl::

event
Function returns event after submitting task in sycl::queue.

oneapi::mkl::stats::central_moment

• Description

• API

Description

Entry point to compute arrays of central moments up to 4th order.

API

Syntax

BufferAPI
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template<method Method = method::fast, typename Type, layout ObservationsLayout>
void central_moment(sycl::queue& queue,

const dataset<ObservationsLayout, sycl::buffer<Type, 1>>& data,
sycl::buffer<Type, 1> central_moment_2,
sycl::buffer<Type, 1> central_moment_3 = {0},
sycl::buffer<Type, 1> central_moment_4 = {0});

USMAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
sycl::event central_moment(sycl::queue& queue,

const dataset<ObservationsLayout, Type*>& data,
Type* central_moment_2,
Type* central_moment_3 = nullptr,
Type* central_moment_4 = nullptr,
const std::vector<sycl::event> &dependencies = {});

IncludeFiles

• oneapi/mkl/stats.hpp

TemplateParameters

oneapi::mkl::stats::method
Method = oneapi::mkl::stats::
method::fast

Computation method. The specific values are as follows:
oneapi::mkl::stats::method::fast oneapi::mkl::stats:
:method::one_pass

InputParameters

Name Type Description
queue sycl::queue& Valid sycl::queue, calls of the oneapi:

:mkl::stats::central_moment()
routine submits kernels in this queue.

data const dataset<
ObservationsLayout, Type*>&

Datasetwhich isused forestimatescom-
putation.

Optional InputParameters forUSMAPI

Name Type Description
dependen-
cies

const std::vector <sycl::
event> &

List of events to wait for before starting computa-
tion, if any.
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OutputParameters

BufferAPI

Name Type Description
central_mo-
ment_2

sycl::
buffer<Type,
1>

sycl::buffer to theoutput arrayof centralmomentsof the2nd
order.

central_mo-
ment_3

sycl::
buffer<Type,
1>

sycl::buffer to the output array of centralmoments of the 3rd
order (optional).

central_mo-
ment_4

sycl::
buffer<Type,
1>

sycl::buffer to the output array of centralmoments of the4th
order (optional).

USMAPI

Name Type Description
central_mo-
ment_2

Type* Pointer to the output array of central moments of the 2nd order.

central_mo-
ment_3

Type* Pointer to the output array of central moments of the 3rd order (op-
tional).

central_mo-
ment_4

Type* Pointer to the output array of central moments of the 4th order (op-
tional).

event sycl::
event

Function returns event after submitting task in sycl::queue.

oneapi::mkl::stats::central_momentwithUser-providedMean

• Description

• API

Description

Entry point to compute arrays of central moments up to the 4th order withmean provided by the user.
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API

Syntax

BufferAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
void central_moment(sycl::queue& queue,

sycl::buffer<Type, 1> mean,
const dataset<ObservationsLayout, sycl::buffer<Type, 1>>& data,
sycl::buffer<Type, 1> central_moment_2,
sycl::buffer<Type, 1> central_moment_3 = {0},
sycl::buffer<Type, 1> central_moment_4 = {0});

USMAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
sycl::event central_moment(sycl::queue& queue,

Type* mean,
const dataset<ObservationsLayout, Type*>& data,
Type* central_moment_2,
Type* central_moment_3 = nullptr,
Type* central_moment_4 = nullptr,
const std::vector<sycl::event> &dependencies = {});

IncludeFiles

• oneapi/mkl/stats.hpp

TemplateParameters

oneapi::mkl::stats::method Method =
oneapi::mkl::stats::method::fast

Computation method. The specific values are as fol-
lows: oneapi::mkl::stats::method::fast

InputParameters

Name Type Description
queue sycl::queue& Valid sycl::queue, calls of the oneapi::mkl::

stats::central_moment() routine submits ker-
nels in this queue.

data const dataset<
ObservationsLayout,
Type*>&

Dataset which is used for estimates computation.
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BufferAPI

Name Type Description
mean sycl::buffer<Type,1> sycl::buffer to the array of mean values provided by the user.

USMAPI

Name Type Description
mean Type* Pointer to the output array of mean values provided by the user.

Optional InputParameter forUSMAPI

Name Type Description
dependen-
cies

const std::vector<sycl::
event>&

List of events towait for before startingcomputation,
if any.

OutputParameters

Buffer API

Name Type Description
central_mo-
ment_2

sycl::
buffer<Type, 1>

sycl::buffer to the output array of central moments of the
2nd order.

central_mo-
ment_3

sycl::
buffer<Type, 1>

sycl::buffer to the output array of central moments of the
3rd order.

central_mo-
ment_4

sycl::
buffer<Type, 1>

sycl::buffer to the output array of central moments of the
4th order.

USMAPI

Name Type Description
central_moment_2 Type* Pointer to the output array of central moments of the 2nd order.
central_moment_3 Type* Pointer to the output array of central moments of the 3rd order.
central_moment_4 Type* Pointer to the output array of central moments of the 4th order.
event sycl::event Function returns event after submitting task in sycl::queue.
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oneapi::mkl::stats::mean

• Description

• API

Description

Entry point to compute the arrays of mean values.

API

Syntax

BufferAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
void mean(sycl::queue& queue,

const dataset<ObservationsLayout, sycl::buffer<Type, 1>>& data,
sycl::buffer<Type, 1> mean);

USMAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
sycl::event mean(sycl::queue& queue,

const dataset<ObservationsLayout, Type*>& data,
Type* mean,
const std::vector<sycl::event> &dependencies = {});

IncludeFiles

• oneapi/mkl/stats.hpp

TemplateParameters

Name Description
oneapi::mkl::stats::method
Method = oneapi::mkl::stats::
method::fast

Computation method. The specific values are as follows:
oneapi::mkl::stats::method::fast oneapi::mkl::stats:
:method::one_pass
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InputParameters

Name Type Description
queue sycl::queue& Valid sycl::queue, calls of the oneapi:

:mkl::stats::mean() routine submits
kernels in this queue.

data const dataset<ObservationsLayout,
Type*>&

Datasetwhich isused forestimatescom-
putation.

Optional InputParameter forUSMAPI

Name Type Description
dependen-
cies

const std::vector<sycl::
event>&

List of events towait for before startingcomputation,
if any.

OutputParameters

BufferAPI

Name Type Description
mean sycl::buffer<Type, 1> sycl::buffer to the output array of mean values.

USMAPI

Name Type Description
mean Type* Pointer to the output array of mean values.
event sycl::event Function returns event after submitting task in sycl::queue.

oneapi::mkl::stats::variation

• Description

• API
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Description

Entry point to compute the arrays of variation coefficients.

API

Syntax

BufferAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
void variation(sycl::queue& queue,

const dataset< ObservationsLayout, sycl::buffer<Type, 1>>& data,
sycl::buffer<Type, 1> variation;

USMAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
sycl::event variation(sycl::queue& queue,

const dataset<ObservationsLayout, Type*>& data,
Type* variation,
const std::vector<sycl::event> &dependencies = {});

IncludeFiles

• oneapi/mkl/stats.hpp

TemplateParameters

Name Description
oneapi::mkl::stats::method
Method = oneapi::mkl::stats::
method::fast

Computation method. The specific values are as follows:
oneapi::mkl::stats::method::fast oneapi::mkl::stats:
:method::one_pass

InputParameters

Name Type Description
queue sycl::queue& Valid sycl::queue, calls of the oneapi:

:mkl::stats::variation() routine
submits kernels in this queue.

data const dataset<ObservationsLayout,
Type*>&

Datasetwhich isused forestimatescom-
putation.
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Optional InputParameter forUSMAPI

Name Type Description
dependen-
cies

const std::vector<sycl::
event>&

List of events towait for before startingcomputation,
if any.

OutputParameters

BufferAPI

Name Type Description
variation sycl::buffer<Type, 1> sycl::buffer to the output array of variation coefficients.

USMAPI

Name Type Description
variation Type* Pointer to the output array of variation coefficients.
event sycl::event Function returns event after submitting task in sycl::queue.

oneapi::mkl::stats::variationwithUser-providedMean

• Description

• API

Description

Entry point to compute the arrays of variation coefficients with themean provided by the user.

API

Syntax

BufferAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
void variation(sycl::queue& queue,

sycl::buffer<Type, 1> mean,
const dataset<ObservationsLayout, sycl::buffer<Type, 1>>& data,
sycl::buffer<Type, 1> variaion);
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USMAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
sycl::event variation(sycl::queue& queue,

Type* mean,
const dataset<ObservationsLayout, Type*>& data,
Type* variation,
const std::vector<sycl::event> &dependencies = {});

IncludeFiles

• oneapi/mkl/stats.hpp

TemplateParameters

Name Description
oneapi::mkl::stats::method Method =
oneapi::mkl::stats::method::fast

Computation method. The specific values are as fol-
lows: oneapi::mkl::stats::method::fast

InputParameters

Name Type Description
queue sycl::queue& Valid sycl::queue, calls of the oneapi:

:mkl::stats::variation() routine
submits kernels in this queue.

data const dataset<ObservationsLayout,
Type*>&

Datasetwhich isused forestimatescom-
putation.

BufferAPI

Name Type Description
mean sycl::buffer<Type,1> sycl::buffer to the array of mean values provided by the user.

USMAPI

Name Type Description
mean Type* Pointer to the output array of mean values provided by the user.

Optional InputParameter forUSMAPI
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Name Type Description
dependen-
cies

const std::vector<sycl::
event>&

List of events towait for before startingcomputation,
if any.

OutputParameters

BufferAPI

Name Type Description
variation sycl::buffer<Type, 1> sycl::buffer to the output array of variation coefficients.

USMAPI

Name Type Description
variation Type* Pointer to the output array of variation coefficients.
event sycl::event Function returns event after submitting task in sycl::queue.

oneapi::mkl::stats::skewness

• Description

• API

Description

Entry point to compute the arrays of skewness values.

API

Syntax

BufferAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
void skewness(sycl::queue& queue,

const dataset<ObservationsLayout, sycl::buffer<Type, 1>>& data,
sycl::buffer<Type, 1> skewness);

USMAPI
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template<method Method = method::fast, typename Type, layout ObservationsLayout>
sycl::event skewness(sycl::queue& queue,

const dataset<ObservationsLayout, Type*>& data,
Type* skewness,
const std::vector<sycl::event> &dependencies = {});

IncludeFiles

• oneapi/mkl/stats.hpp

TemplateParameters

Name Description
oneapi::mkl::stats::method
Method = oneapi::mkl::stats::
method::fast

Computation method. The specific values are as follows:
oneapi::mkl::stats::method::fast oneapi::mkl::stats:
:method::one_pass

InputParameters

Name Type Description
queue sycl::queue& Valid sycl::queue, calls of the oneapi:

:mkl::stats::skewness() routine
submits kernels in this queue.

data const dataset<ObservationsLayout,
Type*>&

Datasetwhich isused forestimatescom-
putation.

Optional InputParameter forUSMAPI

Name Type Description
dependen-
cies

const std::vector<sycl::
event>&

List of events towait for before startingcomputation,
if any.
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OutputParameters

BufferAPI

Name Type Description
skewness sycl::buffer<Type, 1> sycl::buffer to the output array of skewness values.

USMAPI

Name Type Description
skewness Type* Pointer to the output array of skewness values.
event sycl::event Function returns event after submitting task in sycl::queue.

oneapi::mkl::stats::skewnesswithUser-providedMean

• Description

• API

Description

Entry point to compute the arrays of skewness values with amean provided by the user.

API

Syntax

BufferAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
void skewness(sycl::queue& queue,

sycl::buffer<Type, 1> mean,
const dataset<ObservationsLayout, sycl::buffer<Type, 1>>& data,
sycl::buffer<Type, 1> skewness);

USMAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
sycl::event skewness(sycl::queue& queue,

Type* mean,
const dataset<ObservationsLayout, Type*>& data,
Type* skewness,
const std::vector<sycl::event> &dependencies = {});
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IncludeFiles

• oneapi/mkl/stats.hpp

TemplateParameters

Name Description
oneapi::mkl::stats::method Method =
oneapi::mkl::stats::method::fast

Computation method. The specific values are as fol-
lows: oneapi::mkl::stats::method::fast

InputParameters

Name Type Description
queue sycl::queue& Valid sycl::queue, calls of the oneapi:

:mkl::stats::skewness() routine
submits kernels in this queue.

data const dataset<ObservationsLayout,
Type*>&

Datasetwhich isused forestimatescom-
putation.

BufferAPI

Name Type Description
mean sycl::buffer<Type,1> sycl::buffer to the array of mean values provided by the user.

USMAPI

Name Type Description
mean Type* Pointer to the output array of mean values provided by the user.

Optional InputParameter forUSMAPI

Name Type Description
dependen-
cies

const std::vector<sycl::
event>&

List of events towait for before startingcomputation,
if any.
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OutputParameters

BufferAPI

Name Type Description
skewness sycl::buffer<Type, 1> sycl::buffer to the output array of skewness values.

USMAPI

Name Type Description
variation Type* Pointer to the output array of variation coefficients.
event sycl::event Function returns event after submitting task in sycl::queue.

oneapi::mkl::stats::kurtosis

• Description

• API

Description

Entry point to compute the array of kurtosis values.

API

Syntax

BufferAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
void kurtosis(sycl::queue& queue,

const dataset<ObservationsLayout, sycl::buffer<Type, 1>>& data,
sycl::buffer<Type, 1> kurtosis);

USMAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
sycl::event kurtosis(sycl::queue& queue,

const dataset<ObservationsLayout, Type*>& data,
Type* kurtosis,
const std::vector<sycl::event> &dependencies = {});
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IncludeFiles

• oneapi/mkl/stats.hpp

TemplateParameters

oneapi::mkl::stats::method
Method = oneapi::mkl::stats::
method::fast

Computation method. The specific values are as follows:
oneapi::mkl::stats::method::fast oneapi::mkl::stats:
:method::one_pass

InputParameters

Name Type Description
queue sycl::queue& Valid sycl::queue, calls of the oneapi:

:mkl::stats::kurtosis() routine
submits kernels in this queue.

data const dataset<ObservationsLayout,
Type*>&

Datasetwhich isused forestimatescom-
putation.

Optional InputParameter forUSMAPI

Name Type Description
dependen-
cies

const std::vector<sycl::
event>&

List of events towait for before startingcomputation,
if any.

OutputParameters

BufferAPI

Name Type Description
kurtosis sycl::buffer<Type, 1> sycl::buffer to the output array of kurtosis values.

USMAPI

Name Type Description
kurtosis Type* Pointer to the output array of kurtosis values.
event sycl::event Function returns event after submitting task in sycl::queue.

1050



Intel® oneAPIMath Kernel Library

oneapi::mkl::stats::kurtosiswithUser-providedMean

• Description

• API

Description

Entry point to compute the array of kurtosis values with amean provided by the user.

API

Syntax

BufferAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
void kurtosis(sycl::queue& queue,

sycl::buffer<Type, 1> mean,
const dataset<ObservationsLayout, sycl::buffer<Type, 1>>& data,
sycl::buffer<Type, 1> kurtosis);

USMAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
sycl::event kurtosis(sycl::queue& queue,

Type* mean,
const dataset<ObservationsLayout, Type*>& data,
Type* kurtosis,
const std::vector<sycl::event> &dependencies = {});

IncludeFiles

• oneapi/mkl/stats.hpp

TemplateParameters

oneapi::mkl::stats::method Method =
oneapi::mkl::stats::method::fast

Computationmethod. Thespecificvaluesareas fol-
lows: oneapi::mkl::stats::method::fast
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InputParameters

Name Type Description
queue sycl::queue& Valid sycl::queue, calls of the oneapi::mkl::stats::

kurtosis() routine submits kernels in this queue.
data const

dataset<ObservationsLayout,
Type*>&

Dataset which is used for estimates computation.

BufferAPI

Name Type Description
mean sycl::buffer<Type,1> sycl::buffer to the array of mean values provided by the user.

USMAPI

Name Type Description
mean Type* Pointer to the output array of mean values provided by the user

Optional InputParameter forUSMAPI

Name Type Description
dependen-
cies

const std::vector<sycl::
event>&

List of events towait for before startingcomputation,
if any.

OutputParameters

BufferAPI

Name Type Description
kurtosis sycl::buffer<Type, 1> sycl::buffer to the output array of kurtosis values.

USMAPI

Name Type Description
kurtosis Type* Pointer to the output array of kurtosis values.
event sycl::event Function returns event after submitting task in sycl::queue.
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oneapi::mkl::stats::min

• Description

• API

Description

Entry point to compute the array of minimum values.

API

Syntax

BufferAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
void min(

sycl::queue& queue,
const dataset<ObservationsLayout, sycl::buffer<Type, 1>>& data,
sycl::buffer<Type, 1> min);

USMAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
sycl::event min(

sycl::queue& queue,
const dataset<ObservationsLayout, Type*>& data,
Type* min,
const std::vector<sycl::event> &dependencies = {});

IncludeFiles

• oneapi/mkl/stats.hpp

TemplateParameters

Name Description
oneapi::mkl::stats::method Method =
oneapi::mkl::stats::method::fast

Computation method. The specific values are as fol-
lows: oneapi::mkl::stats::method::fast
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InputParameters

Name Type Description
queue sycl::queue& Valid sycl::queue, calls of the oneapi:

:mkl::stats::min() routine submits
kernels in this queue.

data const dataset<ObservationsLayout,
Type*>&

Datasetwhich isused forestimatescom-
putation.

Optional InputParameter forUSMAPI

Name Type Description
dependen-
cies

const std::vector<sycl::
event>&

List of events towait for before startingcomputation,
if any.

OutputParameters

BufferAPI

Name Type Description
min sycl::buffer<Type, 1> sycl::buffer to the output array of minimum values.

USMAPI

Name Type Description
min Type* Pointer to the output array of minimum values.
event sycl::event Function returns event after submitting task in sycl::queue.

oneapi::mkl::stats::max

• Description

• API
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Description

Entry point to compute the array of maximum values.

API

Syntax

BufferAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
void max(

sycl::queue& queue,
const dataset<ObservationsLayout, sycl::buffer<Type, 1>>& data,
sycl::buffer<Type, 1> max);

USMAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
sycl::event max(

sycl::queue& queue,
const dataset<ObservationsLayout, Type*>& data,
Type* max,
const std::vector<sycl::event> &dependencies = {});

IncludeFiles

• oneapi/mkl/stats.hpp

TemplateParameters

oneapi::mkl::stats::method Method =
oneapi::mkl::stats::method::fast

Computation method. The specific values are as fol-
lows: oneapi::mkl::stats::method::fast

InputParameters

Name Type Description
queue sycl::queue& Valid sycl::queue, calls of the oneapi:

:mkl::stats::max() routine submits
kernels in this queue.

data const dataset<ObservationsLayout,
Type*>&

Datasetwhich isused forestimatescom-
putation.
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Optional InputParameter forUSMAPI

Name Type Description
dependencies const std::vector<sycl::event>& List of events to wait for before starting

computation, if any.

OutputParameters

BufferAPI

Name Type Description
max sycl::buffer<Type, 1> sycl::buffer to the output array of maximum values.

USMAPI

Name Type Description
max Type* Pointer to the output array of maximum values.
event sycl::event Function returns event after submitting task in sycl::queue.

oneapi::mkl::stats::min_max

• Description

Description

Entry point to compute the array of minimum andmaximum values simultaneously.

Syntax

BufferAPI

template<method Method = method::fast, typename Type, layout ObservationsLayout>
void min_max(sycl::queue& queue,

const dataset<ObservationsLayout, sycl::buffer<Type, 1>>& data,
sycl::buffer<Type, 1> min, sycl::buffer<Type, 1> max);

USMAPI
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template<method Method = method::fast, typename Type, layout ObservationsLayout>
sycl::event min_max(sycl::queue& queue,

const dataset<ObservationsLayout, Type*>& data,
Type* min, Type* max,
const std::vector<sycl::event> &dependencies = {});

IncludeFiles

• oneapi/mkl/stats.hpp

TemplateParameters

Name Description
oneapi::mkl::stats::method Method =
oneapi::mkl::stats::method::fast

Computation method. The specific values are as fol-
lows: oneapi::mkl::stats::method::fast

InputParameters

Name Type Description
queue sycl::queue& Valid sycl::queue, calls of the oneapi:

:mkl::stats::min_max() routine sub-
mits kernels in this queue.

data const dataset<ObservationsLayout,
Type*>&

Datasetwhich isused forestimatescom-
putation.

Optional InputParameter forUSMAPI

Name Type Description
dependen-
cies

const std::vector<sycl::
event>&

List of events towait for before startingcomputation,
if any.

OutputParameters

BufferAPI

Name Type Description
min sycl::buffer<Type, 1> sycl::buffer to the output array of minimum values.
max sycl::buffer<Type, 1> sycl::buffer to the output array of maximum values.
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USMAPI

Name Type Description
min Type* Pointer to the output array of minimum values.
max Type* Pointer to the output array of maximum values.
event sycl::event Function returns event after submitting task in sycl::queue.
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15.0 FourierTransformFunctions

The general form of the discrete Fourier transform is:

Z(k1,k2,...,kd) = σ ×
nd−1∑
jd=0

. . .

n2−1∑
j2=0

n1−1∑
j1=0

wj1,j2...jd exp

(
δi2π

d∑
l=1

jlkl/nl

)

for kl = 0, . . . nl − 1(l = 1, . . . , d), where σ is a scale factor, δ = −1 for the forward transform, and δ = +1 for
the inverse (backward) transform. In the forward transform, the input (periodic) sequence {wj1, wj2, . . . , wjd}
belongs to the set of complex-valued sequences or the set of real-valued sequences, and the output sequence
belongs to the set of complex-valued sequences or the set of complex-valued conjugate-even sequences, re-
spectively.

The Intel® oneAPI Math Kernel Library (oneMKL) provides a DPC++ interface for computing a discrete Fourier
transform through the fast Fourier transform algorithm. The DPC++ interface emulates the usage model of the
oneMKLC and FortranDiscrete Fourier Transform Interface (DFTI).

TheDPC++ interface computes an FFT in four steps:

1. Allocate a fresh descriptor for the problemwith a call to the descriptor object constructor,

descriptor<PRECISION, DOMAIN> desc(dimensions);

The descriptor captures the configuration of the transform, such as the dimensionality (or rank), sizes,
number of transforms, memory layout of the input/output data (defined by strides), and scaling factors.
Many of the configuration settings are assigned default values in this call which youmight need tomodify
in your application.

2. Optionally adjust the descriptor configuration with a call to the descriptor<PRECISION, DOMAIN>::
set_value function as needed. Typically, you must carefully define the data storage layout for an
FFT. The configuration settings of the descriptor, such as the default values, can be obtained with the
descriptor<PRECISION, DOMAIN>::get_value function.

3. Commit the descriptor with a call to the descriptor<PRECISION, DOMAIN>::commit function, that is,
make the descriptor ready for the transform computation. Once the descriptor is committed, the param-
eters of the transform, such as the type and number of transforms, strides and distances, the type and
storage layout of the data, and so on, are “frozen” in the descriptor. The commit function takes in a sycl:
:queue object to determine the device associatedwith the descriptor.

4. Compute the transform with a call to the compute_forward or compute_backward functions as many
times as needed. Because the descriptor is defined and committed separately, the compute functions
just take the input and output data and compute the transform as defined. To modify any configuration
parameters for another call to a compute function, use

descriptor<PRECISION, DOMAIN>::set_value

followed by

descriptor<PRECISION, DOMAIN>::commit

before calling the compute function again.
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All the above functions throw a named std::runtime_exception in the event of failure.

Touse theDPC++ interface, includeoneapi/mkl/dfti.hpp. TheDPC++ interfacesupportsCPUand IntelGPU
devices. Somedevice-specific limitations are noted in thedescriptor<precision, domain>::set_value sectionof
this document. Refer to the Intel® oneAPI Math Kernel Library Release Notes for known limitations. Working
usage examples can be found in the oneMKL installation directory under examples/dpcpp/dft.

The FFT functions assume the Cartesian representation of complex data (that is, the real and imaginary parts
define a complex number). The Intel® oneAPIMath Kernel Library VectorMathematical Functions provide effi-
cient tools for conversion to and from polar representation. See the Conversion from Cartesian to polar repre-
sentation of complex data andConversion from polar to Cartesian representation of complex data examples.

15.1 descriptor<precision, domain>

Creates a descriptor for the templated precision and forward domain with configuration values. This routine
belongs to the oneapi::mkl::dft namespace.

• Description

• API

15.1.1 Description

This constructor initializesmembers todefault values and throwsanstd::runtime_exception in thecase that
it fails. Note that theprecisionanddomainaredeterminedvia templating. This functionallocatesmemory for the
descriptor data structure and instantiates it with all the default configuration settings for the precision, forward
domain, and dimensions of the transform.

This function does not performany significant computational work such as computation of twiddle factors. The
function descriptor::commit does this work after the function descriptor::set_value has set values of all
necessary parameters.

The interface supports a single MKL_LONG input for 1-D transforms, and an std::vector for N-D transforms.

15.1.2 API

Syntax

namespace oneapi::mkl::dft{
descriptor<PRECISION, DOMAIN> desc (dimension)

}

namespace oneapi::mkl::dft{
descriptor<PRECISION, DOMAIN> desc ({dim1, dim2, ...})

}
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IncludeFiles

• oneapi/mkl/dfti.hpp

TemplateParameters

Name Type Description
PRECI-
SION

mkl::
dft::
Precision

mkl::dft::Precision::SINGLEor mkl::dft::Precision::DOUBLE are sup-
ported precisions. Double precision has limitedGPU support and full CPU sup-
port.

DO-
MAIN

mkl::dft:
:Domain

mkl::dft::Domain::REAL or mkl::dft::Domain::COMPLEX are supported
forward domains.

InputParameters: 1-Dimensional

Name Type Description
dimension MKL_LONG Dimension of the transform 1-D transform.

InputParameters: N-Dimensional

Name Type Description
dimensions std::vector<MKL_LONG> Dimensions of the transform.

15.2 descriptor<precision, domain>::set_value

Sets one configuration parameter with the specified configuration value. This routine belongs to the oneapi::
mkl::dft namespace.

• Description

• API

15.2.1 Description

This function sets one configuration parameter with the specified configuration value and throws an std::
runtime_exception in the case that it fails. Each configuration parameter is a named constant, and the config-
uration value must have the corresponding type, which can be a named constant or a native type. The DPC++
configuration parameters have type mkl::dft::config_param. Each parameter mkl::dft::config_param:
:<PARAMETER_NAME>has the samemeaningandpossible values as theC interface’sDFTI_<PARAMETER_NAME>.
Some of the options available in theC interface are not fully supported in theDPC++ interface yet. See the note
belowand the Intel®oneAPIMathKernelLibraryReleaseNotes. Fora full descriptionofeachparameter’smean-
ing and options, see Config Params.

Note:
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• An important difference in the configuration options for DPC++ FFT interface is the use of FWD_DISTANCE
andBWD_DISTANCE insteadofINPUT_DISTANCEandOUTPUT_DISTANCE.TheFWD_DISTANCEdescribes the
number of elements between different batched FFTs for the forward domain while BWD_DISTANCE de-
scribes the number of elements between different batched FFTs for the backward domain. This allows
a committeddescriptor to compute both forward andbackward transformswithout resetting the distance
parameters. It is required for all R2C or C2R transforms to use FWD_DISTANCE and BWD_DISTANCE instead
of INPUT_DISTANCE and OUTPUT_DISTANCE.

• For COMPLEX_STORAGE, only the DFTI_COMPLEX_COMPLEX format is currently supportedonCPUandGPU
devices.

• For batched 3DC2C problems, only FWD_DISTANCE or BWD_DISTANCE equal to the problem size are sup-
ported currently.

• In the case of a real forward domain, the only supported values on GPU devices for CONJUGATE_EVEN_-
STORAGE and PACKED_FORMAT are respectively DFTI_COMPLEX_COMPLEX and DFTI_CCE_FORMAT. These
values are set by default and require the setting of the INPUT_STRIDE and OUTPUT_STRIDE parameters
beforecallingcommit. (While thesedefault valuesdiffer fromthecurrentC interfacedefaults, theCdefault
values will be brought into alignment with these default values following the full deprecation process of
the current C default values. See the deprecation notice at DFTI_COMPLEX_STORAGE, DFTI_REAL_-
STORAGE, DFTI_CONJUGATE_EVEN_STORAGE.)

• In the case of a real forward domain, arbitrary strides and batch distances are not supported for multi-
dimensional transforms onGPU. Considering the last dimension of the data, every element must be sep-
arated from its nearest peer(s) (alonganother dimension and/or in another batch) by a constant distance.
For example, to compute a batched, two-dimensional R2C FFT of size [N2, N1] with input strides [0,
S2, 1] (row-major layout with unit elementary stride and no offset), FWD_DISTANCE must be equal to
N2*S2 so that every element is separated from its nearest last-dimension counterpart(s) by a distance S2
(in this example), even across batches.

The set_value function cannot be used to change configuration parameters mkl::dft::config_param::
FORWARD_DOMAIN, mkl::dft::config_param::PRECISION since these are a part of the template. Likewise,
mkl::dft::config_param::LENGTHS is set with the constructor.

All calls to set_value() must be done before calls to commit(). This is because the handle may have been
moved to an offloaded device after commit().

Function calls needed to configure an FFT descriptor for a particular call to an FFT computation function are
summarized in Configuring andComputing an FFT in C/C++.

15.2.2 API

Syntax

namespace oneapi::mkl::dft{
void descriptor<prec,dom>::set_value(config_param param, ...);

}
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IncludeFiles

• oneapi/mkl/dfti.hpp

InputParameters

Name Type Description
param mkl::dft::config_param Configuration parameter
value Depends on the configuration parameter Configuration value

15.3 descriptor<precision, domain>::get_value

Gets the configuration value of one configuration parameter. This routine belongs to the oneapi::mkl::dft
namespace.

• Description

• API

15.3.1 Description

This function gets the configuration value of one particular configuration parameter and will throw an std::
runtime_exception() in the case that it fails or an invalid configuration is provided.

Each configuration parameter is a named constant, and the configuration value must have the corresponding
type, which can be a named constant or a native type. For available configuration parameters and the corre-
sponding configuration values, seeDftiGetValue.

15.3.2 API

Syntax

namespace oneapi::mkl::dft{
void descriptor<prec,dom>::get_value (config_param param , ...)

}

IncludeFiles

• oneapi/mkl/dfti.hpp
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InputParameters

Name Type Description
param enumCONFIG_PARAM Configuration parameter.
value_ptr Depends on the configuration parameter Pointer to configuration value.

15.4 descriptor<precision, domain>::commit

Performs all initialization for the actual FFT computation. This routine belongs to the oneapi::mkl::dft
namespace.

• Description

• API

15.4.1 Description

This function completes initialization of a previously created descriptor, which is required before the descrip-
tor can be used for FFT computations. It throws an std::runtime_exception() in the case that it fails. The
sycl::queue may be associated with a CPU or GPU device. Typically, committing the descriptor performs
all initialization that is required for the actual FFT computation on the given device. The initialization done by
the function may involve exploring different factorizations of the input length to find the optimal computation
method.

Note: Calls to thedescriptor<precision, domain>::set_value function tochangeconfigurationparame-
ters of a descriptor need to happen before descriptor<precision, domain>::commit. Typically, a commit-
tal function call is immediately followed by a computation function call (see FFTCompute Functions).

15.4.2 API

Syntax

namespace oneapi::mkl::dft{
void descriptor<prec, dom>::commit(sycl::queue &in)

}

IncludeFiles

• oneapi/mkl/dfti.hpp
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InputParameters

Name Type Description
deviceQueue sycl::queue Sycl queue for a CPUorGPUdevice.

15.5 compute_forward<typenamedescriptor_type, typenamedata_type>

Computes the forward FFT. This routine belongs to the oneapi::mkl::dft namespace.

• Description

• API

15.5.1 Description

The compute_forward<typename descriptor_type, typename data_type> function accepts a descriptor object
followed by one or more data parameters. With a successfully configured and committed descriptor, this func-
tion computes the forward FFT, that is, the transformwith theminus sign in the exponent, δ = −1. This function
throws an std::runtime_exception() in the case that it fails.

The FFT descriptor must be properly configured prior to the function call. Function calls needed to configure
anFFTdescriptor for a particular call to anFFTcomputation function are summarized inConfiguring andCom-
puting an FFT in C/C++.

The number of data parameters to be provided depends exclusively on the descriptor’s PLACEMENT config-
uration parameter. In-place (default) operations require only one data parameter while out-of-place operations
take two distinct data parameters. The function’s behavior is undefined otherwise.

15.5.2 API

Syntax

UsingSYCLbuffers

namespace oneapi::mkl::dft{
void compute_forward<descriptor_type,
data_type>(descriptor_type &desc, sycl::buffer<data_type,
1> &inout);

void compute_forward<descriptor_type, input_type,
output_type>(descriptor_type &desc,
sycl::buffer<input_type, 1> &in,
sycl::buffer<output_type, 1> &out);

}

UsingUSMpointers

1065

https://software.intel.com/content/www/us/en/develop/documentation/onemkl-developer-reference-c/top/fourier-transform-functions.html
https://software.intel.com/content/www/us/en/develop/documentation/onemkl-developer-reference-c/top/fourier-transform-functions/fft-functions/fft-computation-functions/configuring-and-computing-an-fft-in-c-c.html
https://software.intel.com/content/www/us/en/develop/documentation/onemkl-developer-reference-c/top/fourier-transform-functions/fft-functions/fft-computation-functions/configuring-and-computing-an-fft-in-c-c.html
https://software.intel.com/content/www/us/en/develop/documentation/onemkl-developer-reference-c/top/fourier-transform-functions/fft-functions/configuration-settings/dfti-placement.html


Intel® oneAPIMath Kernel Library

namespace oneapi::mkl::dft{
sycl::event compute_forward<descriptor_type,
data_type>(descriptor_type &desc, data_type* inout, const
std::vector<sycl::event> &dependencies = {});

sycl::event compute_forward<descriptor_type, input_type,
output_type>(descriptor_type &desc, input_type* in,
output_type* out, const
std::vector<sycl::event> &dependencies = {});

}

IncludeFiles

• oneapi/mkl/dfti.hpp

InputParameters

Name Supported types Description
inout

i. sycl::buffer<data_-
type, 1>

ii. data_type*

Input/output data

in
i. sycl::buffer<input_-
type, 1>

ii. input_type*

Input data

• The parameter name inout (resp. in) corresponds to using a descriptor configured to operate INPLACE
(resp. NOT_INPLACE). See descriptor’s PLACEMENT.

• Whether using i. SYCL buffers or ii. device-accessible USM pointers, the length of the containing array
must be no less than specified at construction of the descriptor.

OutputParameters

Name Supported types Description
inout

i. sycl::buffer<data_-
type, 1>

ii. data_type*

Input/output data

out
i. sycl::buffer<output_-
type, 1>

ii. output_type*

Output data
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• Theparameter name inout (resp. out) corresponds to using a descriptor configured to operate INPLACE
(resp. NOT_INPLACE). See descriptor’s PLACEMENT.

• Whether using i. SYCL buffers or ii. device-accessible USM pointers, the length of the containing array
must be no less than specified at construction of the descriptor.

• In case of out-of-place operations, the same type is to be used for the parameters in and out.

15.6 compute_backward<typenamedescriptor_type, typenamedata_type>

Computes the backward FFT. This routine belongs to the oneapi::mkl::dft namespace.

• Description

• API

15.6.1 Description

The compute_backward<typename descriptor_type, typename data_type> function accepts a descrip-
tor object followedbyoneormoredataparameters. Givena successfully configuredandcommitteddescriptor,
this function computes the backward FFT, that is, the transformwith the plus sign in the exponent, δ = +1. This
function throws an std::runtime_exception in the case that it fails.

The FFT descriptor must be properly configured prior to the function call. Function calls needed to configure
anFFTdescriptor for a particular call to anFFTcomputation function are summarized inConfiguring andCom-
puting an FFT in C/C++.

The number of data parameters to be provided depends exclusively on the descriptor’s PLACEMENT config-
uration parameter. In-place (default) operations require only one data parameter while out-of-place operations
take two distinct data parameters. The function’s behavior is undefined otherwise.

15.6.2 API

Syntax

UsingSYCLbuffers

namespace oneapi::mkl::dft{
void compute_backward<descriptor_type,
data_type>(descriptor_type &desc, sycl::buffer<data_type,
1> &inout);

void compute_backward<descriptor_type, input_type,
output_type>(descriptor_type &desc,
sycl::buffer<input_type, 1> &in,
sycl::buffer<output_type, 1> &out);

}

UsingUSMpointers
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namespace oneapi::mkl::dft{
sycl::event compute_backward<descriptor_type,
data_type>(descriptor_type &desc, data_type* inout, const
std::vector<sycl::event> &dependencies = {});

sycl::event compute_backward<descriptor_type, input_type,
output_type>(descriptor_type &desc, input_type* in,
output_type* out, const
std::vector<sycl::event> &dependencies = {});

}

IncludeFiles

• oneapi/mkl/dfti.hpp

InputParameters

Name Supported types Description
inout

i. sycl::buffer<data_-
type, 1>

ii. data_type*

Input/output data

in
i. sycl::buffer<input_-
type, 1>

ii. input_type*

Input data

• The parameter name inout (resp. in) corresponds to using a descriptor configured to operate INPLACE
(resp. NOT_INPLACE). See descriptor’s PLACEMENT.

• Whether using i. SYCL buffers or ii. device-accessible USM pointers, the length of the containing array
must be no less than specified at construction of the descriptor.

OutputParameters

Name Supported types Description
inout

i. sycl::buffer<data_-
type, 1>

ii. data_type*

Input/output data

out
i. sycl::buffer<output_-
type, 1>

ii. output_type*

Output data
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• Theparameter name inout (resp. out) corresponds to using a descriptor configured to operate INPLACE
(resp. NOT_INPLACE). See descriptor’s PLACEMENT.

• Whether using i. SYCL buffers or ii. device-accessible USM pointers, the length of the containing array
must be no less than specified at construction of the descriptor.

• In case of out-of-place operations, the same type is to be used for the parameters in and out.

15.7 User-AllocatedWorkspaces

During the FFT execution, the descriptor object may require additional memory to store intermediate results
or pre-computed data. By default, the descriptor allocates this workspace internally. oneMKL DFT provides a
combination of existing and newAPIs to enable the user tomanage this workspace.

Note: User-allocatedworkspaces are currently supported only for GPUdevices.

• User’s intention regardingworkspace

• Getworkspace estimate

• Get the exactworkspace size

• Provide theworkspace to the descriptor

15.7.1 User’s intention regardingworkspace

The descriptor allocates any required workspace internally during the commit by default. The following needs
to be set before commit to let oneMKLDFT know that the workspacewill be provided by the user.

descriptor.set_value(oneapi::mkl::dft::config_param::WORKSPACE, oneapi::mkl::dft::config_value::
↪→WORKSPACE_EXTERNAL);

The above call will notify the descriptor to not allocate any internal workspace during the commit.

Note: If the user did not notify the descriptor before commit that an external workspace will be provided, they
can directly call set_workspace, which will override the internal allocations and utilize the user-workspace.

15.7.2 Getworkspaceestimate

Thebelowoptional call toget_valuebefore thecommitprovidesaconservativeestimateof theworkspacesize
that may be required.

size_t workspaceEstimate = 0;
descriptor.get_value(oneapi::mkl::dft::config_param::WORKSPACE_ESTIMATE, &workspaceEstimate);
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The estimate in bytes will be stored in the workspaceEstimate variable.

Note: Theworkspace estimate values pertain toGPUdevices only.

15.7.3 Get the exactworkspace size

The below call to get_value returns the exact amount of workspace size that will be required by the descriptor
for computing the FFT. This needs to be called after the commit.

size_t workspaceSize = 0;
descriptor.get_value(oneapi::mkl::dft::config_param::WORKSPACE_BYTES, &workspaceSize);

Theworkspace size in bytes will be stored in the workspaceSize variable.

Note: Trying to get the exact workspace size before commitwill throw a std::runtime_exception().

15.7.4 Provide theworkspace to thedescriptor

The below descriptor class member functions will enable the user to set/replace the workspace either in the
form of SYCL buffer or device-accessible USM. If the workspace was internally allocated (config_param::
WORKSPACE was not set to config_value::WORKSPACE_EXTERNAL before commit), setting the workspace will
deallocate any internal workspace and user-providedworkspacewill be used.

Syntax

namespace oneapi::mkl::dft{
void descriptor<prec, dom>::set_workspace<data_type>(sycl::buffer<data_type, 1> &

↪→workspaceBuf);
void descriptor<prec, dom>::set_workspace<data_type>(data_type *workspaceUsm);

}

Note:

• The descriptor assumes that the workspace will be solely used for FFT, so the user must be care-
ful not to use the same workspace area for other purposes in parallel or before finishing compute_-
forward/compute_backward (especially for USMas explicit synchronization is required).

• In case of USM, it is assumed that the workspace is large enough. In case of Buffer, std::runtime_-
exception()will be thrown if the workspace size is smaller than required.

• If the user calls compute_forward or compute_backward before setting the workspace a std::
runtime_exception()will be thrown.

• Currently, the workspace type (Buffer or USM) must be the same as the container type(Buffer or USM)
used during the compute stage. Otherwise, std::runtime_exception()will be thrown.
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IncludeFiles

• oneapi/mkl/dfti.hpp
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16.0 DataFitting

• Routines

• ErrorHandling

Intel® oneAPI Math Kernel Library (oneMKL) provides spline-based interpolation capabilities that can be used
for spline construction (Linear, Cubic, Quadratic etc.), to perform cell-search operations, and to approximate
functions, function derivatives, or integrals.

APIs are experimental. It means that noAPI or ABI backward compatibility are guaranteed.

APIs are based on SYCLUSM (Unfied SharedMemory) input datas.

16.1 Routines

Splines: Splines

Interpolate function: Interpolate Function

16.2 ErrorHandling

TheDPC++ error handlingmodel supports two types of errors:

1. Synchronous errors cause theDPC++ host runtime libraries throw exceptions.

2. Asynchronous errors may only be processed in a user-supplied error handler associated with a SYCL
queue.

For routines, handling all errors, synchronous or asynchronous, is a responsibility of the caller. Specifically:

• Exceptions are thrown explicitly by algorithms in the following scenarious:

• input parameters are unexpected;

• provided SYCL device is not supported;

• spline is not fully initialized.

• Exceptions thrownby runtime libraries at the host CPU, includingDPC++ synchronous excep-
tions, are passed through to the caller.

• DPC++ asynchronous errors are not handled.
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16.2.1 CommonTerms

• Glossary

• Mathematical Notation in theData FittingComponent

• Hints in theData FittingComponent

– PartitionHints

– FunctionValuesHints

– CoefficientsHints

– SitesHints

– InterpolationResults Hints

– DerivativesHints

• BoundaryCondition Types

Glossary

Assumewe need to interpolate a function f(x) on the [a, b) interval using splines.

Let’s break [a, b) into sub-intervals by n points xi called partition points or simply partition. Function values
at these points (yi = f(xi), i = 1, · · · , n) are also given.

Spline has k degree if it can be expressed by the following polynomial:

P (x) = c1 + c2 (x− xi) + c3(x− xi)
2 + · · ·+ ck−1(x− xi)

k.

Splinesareconstructedon [xi, xi+1), i = 1, · · · , n−1 sub-intervals. So, for eachsub-interval there are following
polynomials:

Pi (x) = c1,i + c2,i (x− xi) + c3,i(x− xi)
2 + · · ·+ ck−1,i(x− xi)

k.

cj,i, j = 1, · · · , k, i = 1, · · · , n are called spline coefficients.

Function is interpolated at points of [a, b). Such points are called interpolation sites or simply sites. Sitesmight
ormigtn’t equals to partition points.
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MathematicalNotation in theDataFittingComponent

Concept Mathematical Notation
Partition {xi}i=1,··· ,n, where a = x1 < x2 < · · · < xn = b..
Uniform partition Partition{xi}i=1,··· ,nwhichmeets the followingcon-

dition:
xi+1 − xi = xi − xi−1, i = 2, · · · , n− 1

Quasi-uniform partition Partition {xi}i=1,··· ,n which meets the constraint
with a constant C defined as: 1 ≤M/m ≤ C ,
where
M = maxi=1,··· ,n−1(∆i),
m = mini=1,··· ,n−1(∆i),
∆i = xi+1 − xi

Vector-valued function of dimension p being fit f(x) = (f1(x), · · · , fp(x)).
A k-order derivative of function f(x) at point t f (k)(t).
Function p agrees with function f at the points
{xi}i=1,··· ,n.

For every point ζ in sequence {xi}i=1,··· ,n that oc-
cursm times, theequalityp(i−1)(ζ) = f (i−1)(ζ)holds
for all i = 1, · · · ,m.

The k-th divided difference of function f at points
xi, ..., xi+k . This difference is the leading coefficient
of the polynomial of order k+1 that agrees with f at
xi, · · · , xi+k .

[xi, · · · , xi+k] f .
In particular,
[x1] f = f(x1),
[x1, x2] f = (f(x1)− f(x2))/(x1 − x2).

Hints in theDataFittingComponent

The Intel®oneAPIMathKernelLibrary (oneMKL)DataFittingcomponentprovidesways tospecify some“hints”
for partitions, function values, coefficients, interpolation sites.

PartitionHints

The following are supported:

• Non-uniform.

• Quasi-uniform.

• Uniform.

Syntax

enum class partition_hint {
non_uniform,
quasi_uniform,
uniform

};
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FunctionValuesHints

Let {xi}i=1,··· ,nx is a partition, {fj(x)}j=1,··· ,ny is a vector-valued function. Function values are stored in theone-
dimensional array with nx * ny elements. 2 different layouts are possible: rowmajor and columnmajor.

• For rowmajor layout function values are stored as the following:

Let {fj,i}j=1,··· ,ny,i=1,··· ,nx is the function value that corresponds to the i-th partition point and the j-th
function.

• For columnmajor:

Let {fi,j}i=1,··· ,nx,j=1,··· ,ny is the function value that corresponds to the i-th partition point and the j-th
function.

The following hints are supported:

• Rowmajor.

• Columnmajor.

Syntax

enum class function_hint {
row_major,
col_major

};

CoefficientsHints

Let {xi}i=1,··· ,nx is a partition, {fj(x)}j=1,··· ,ny is a vector-valued function. Let cubic spline should be con-
structed. It means that it requires 4 coefficients per each interpolation interval and function value. Cofficients
are stored in the one-dimensional array with 4 * (nx - 1) * ny elements.

• For rowmajor:

Let {cj,i,k}j=1,··· ,ny,i=1,··· ,nx−1,k=1,··· ,4 is the coefficient value that corresponds to the i-th partition point,
the j-th function.

• For columnmajor:

Let {ci,j,k}i=1,··· ,nx−1,j=1,··· ,ny,k=1,··· ,4 is the coefficient value that corresponds to the i-th partition point,
the j-th function.

The following is supported:

• rowmajor

Syntax

enum class coefficient_hint {
row_major

};
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SitesHints

The following are supported:

• Non-uniform.

• Uniform.

• Sorted.

Syntax

enum class site_hint {
non_uniform,
uniform,
sorted

};

InterpolationResultsHints

Let {fj(x)}j=1,··· ,ny is a vector-valued function, {si}i=1,··· ,ns are sites, d is a number of derivatives (including
interpolation values) that needs to be calculated. So, size of memory to store interpolation results is nsite *
ny * d elements.

6 different layouts are possible:

• functions-sites-derivatives

Let {rj,i,k}j=1,··· ,ny,i=1,··· ,nsite,k=1,··· ,d is an interpolation result that corresponds to the i-th site, the j-th
function, the k-th derivative.

• functions-derivatives-sites

Let {rj,k,i}j=1,··· ,ny,k=1,··· ,d,i=1,··· ,nsite is an interpolation result that corresponds to the i-th site, the j-th
function, the k-th derivative.

• sites-functions-derivatives

Let {ri,j,k}i=1,··· ,nsite,j=1,··· ,ny,k=1,··· ,d is an interpolation result that corresponds to the i-th site, the j-th
function, the k-th derivative.

• sites-derivatives-functions

Let {ri,k,j}i=1,··· ,nsite,k=1,··· ,d,j=1,··· ,ny is an interpolation result that corresponds to the i-th site, the j-th
function, the k-th derivative.

• derivatives-functions-sites

Let {rk,j,i}k=1,··· ,d,j=1,··· ,ny,i=1,··· ,nsite is an interpolation result that corresponds to the i-th site, the j-th
function, the k-th derivative.

• derivatives-sites-functions

Let {rk,i,j}k=1,··· ,d,i=1,··· ,nsite,j=1,··· ,ny is an interpolation result that corresponds to the i-th site, the j-th
function, the k-th derivative.
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The following are supported:

• functions-sites-derivatives

• functions-derivatives-sites

• sites-functions-derivatives

• sites-derivatives-functions

Syntax

enum class interpolate_hint {
funcs_sites_ders,
funcs_ders_sites,
sites_funcs_ders,
sites_ders_funcs

};

DerivativesHints

Followinghintsareadded tochoosewhichderivtiveordersneed tobecomputedduring theinterpolate func-
tion:

• just compute interpolation values

• compute first derivative of the spline polynomial only

• compute second derivative of the spline polynomial only

• compute third derivative of the spline polynomial only

Syntax

enum class derivatives {
zero,
first,
second,
third

};

operator| is overloaded to create combinations of derivative orders to be computed by interpolate.

Example

Assume that interpolation values, 1-st and 3-rd derivatives need to be computed. To create a bit mask that is
passed to interpolate it needs following:

std::bitset<32> bit_mask = derivatives::zero | derivatives::first | derivatives::third;
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BoundaryConditionTypes

Some type of splines requires boundary conditions to be set. The following types are supported:

• Free end (f (2)(x1) = f (2)(xn) = 0).

• Periodic.

• First derivative.

• SecondDerivative.

Syntax

enum class bc_type {
free_end,
first_left_der,
first_right_der,
second_left_der,
second_right_der,
periodic

};

Note:

1. First derivative and second derivative typesmust be set on the left and on the right borders.

2. Free end doesn’t require any values to be set.

16.2.2 Splines

• Header File

• Namespace

• CommonAPI for All Spline Types

• SupportedSpline Types

Header File

#include<oneapi/mkl/experimental/data_fitting.hpp>
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Namespace

oneapi::mkl::experimental::data_fitiing

CommonAPI forAll SplineTypes

template <
typename FpType,
typename SplineType,
int Dimensions = 1>

class spline {
public:

using value_type = FpType;
using spline_type = SplineType;

spline(
const sycl::queue& q,
std::int64_t ny = 1,
bool were_coeffs_computed = false);

spline(
const sycl::device& dev,
const sycl::context& ctx,
std::int64_t ny = 1,
bool were_coeffs_computed = false);

~spline();

spline(const spline<FpType, SplineType, Dimensions>& other) = delete;
spline(spline<FpType, SplineType, Dimensions>&& other) = delete;
spline<FpType, SplineType, Dimensions>& operator=(

const spline<FpType, SplineType, Dimensions>& other) = delete;
spline<FpType, SplineType, Dimensions>& operator=(

spline<FpType, SplineType, Dimensions>&& other) = delete;

spline& set_partitions(
FpType* input_data,
std::int64_t nx,
partition_hint PartitionHint = partition_hint::non_uniform);

spline& set_function_values(
FpType* input_data,
function_hint FunctionHint = storage_hint::row_major);

spline& set_coefficients(
FpType* data,
coefficient_hint CoeffHint = storage_hint::row_major);

bool is_initialized() const;

std::int64_t get_required_coeffs_size() const;

(continues on next page)
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(continued from previous page)

sycl::event construct(const std::vector<sycl::event>& dependencies = {});
};

An instance of spline<T, ST, N> create the N-dimensional spline that operates with the T data type. ST is a
type of spline. T can only be float or double.

Constructor Description
spline(const sycl::queue&
q, std::int64_t ny = 1,
bool were_coeffs_computed =
false);

Create an object with the qSYCL queue and ny number of functions.
If spline coeficients were already computed, provide true as a 3-rd
parameter. were_coeffs_computed == false by default. It means
that it needs to call construct to compute spline coefficients.

spline(const sycl::device&
dev, const sycl::context&
ctx, std::int64_t ny = 1,
bool were_coeffs_computed =
false);

Create an object using the dev SYCL device, the ctx context and
ny number of functions. If spline coeficients were already com-
puted, provide true as a 3-rd parameter. were_coeffs_computed
== false by default. It means that it needs to call construct to com-
pute spline coefficients.
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Member function Description
spline& set_-
partitions(FpType*
input_data, std:
:int64_t nx,
partition_hint
PartitionHint =
partition_hint::
non_uniform);

Set partition values that are specified by the input_data memory pointer and
nx partition values. Users can provide PartitionHint to specify the layout of
data. Default layout is non_uniform. If uniform is specified, nx must equals to
2 and input_data must contain only 2 values the left and the right borders of
partition. Otherwise, behavior is undefined. If input_data layout doesn’t satisfy
PartitionHint, behavior is undefined. Returns a reference to the spline object for
which partitions are set.
Example, for uniform. Let {i}i=1,··· ,n is a partition. So, input_datamust contain
only 2 values: 1, n.

spline& set_-
function_-
values(FpType*
input_data,
function_hint
FunctionHint =
storage_hint::
row_major);

Set function values that are specified by the input_data memory pointer. Num-
ber of function values must equals to ny * nx elements. Users can provide
FunctionHint to specify the layout of data. Default layout isrow_major. Ifinput_-
data layout doesn’t satisfy FunctionHint, behavior is undefined. Returns a refer-
ence to the spline object for which function values are set.

spline& set_-
coefficients(FpType*
data,
coefficient_-
hint CoeffHint =
storage_hint::
row_major);

Set coefficients that are specified by the datamemory pointer. Number of coeffi-
cients in the memory must equals to the return value of get_required_coeffs_-
size(). Users can provide CoeffHint to specify the layout of data. Default layout
is row_major. If data layout doesn’t satisfy CoeffHint, behavior is undefined. If
were_coeffs_computed == false, data will be rewritten during the construct
call. Returns a reference to the spline object for which coefficients are set.

bool is_-
initialized()
const;

Returns true if all requireddata are set (for example, partitions, function values, co-
efficients).

std::int64_t
get_required_-
coeffs_size()
const;

Returns amount of memory that is required for coefficients storage.

sycl::event
construct(const
std::
vector<sycl:
:event>&
dependencies
= {});

Constructs the spline (calculates spline coefficients if were_coeffs_computed ==
false). The function submits a SYCL kernel and returns theSYCLevent towait on
to ensure computation is complete. dependencies is a list of SYCL events to wait
for before starting computations.

There are some splines that requires internal conditions and boundary conditions to be set. For such spline
types, the followingmember functionsmust be called.

spline& set_internal_conditions(
FpType* input_data);

(continues on next page)
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(continued from previous page)

spline& set_boundary_conditions(
bc_type BCType = bc_type::free_end,
FpType input_value = {});

Member function Description
spline& set_internal_-
conditions(FpType*
input_data);

Set internal conditions that are specified by the input_data memory
pointer. Number of internal condition valuesmust equals tonx - 2. Re-
turns a reference to the spline object for which internal conditions are
set.

spline& set_boundary_-
conditions(bc_type BCType
= bc_type::free_end,
FpType input_value = {});

Set the input_value boundary condition corresponding to BCType.
Default value for input_value is empty since some boundary condi-
tions doesn’t require value to be provided. Returns a reference to the
spline object for which boundary condition value is set.

Note: copy/move constructor and copy/move assignment operators are deleted since the spline class is just
a wrapper overmemory that users provide. Memorymanagement responsibility is on user’s side.

SupportedSplineTypes

Currently, the DPC++ Data Fitting APIs support the following spline types (follow the corresponding links to
deep-dive into the details):

Linear Spline

Cubic Splines

LinearSpline

• Header File

• Namespace

• Syntax

• Example

Linear spline is a spline whose degree is equal to 1.

It’s described by the following polynomial

Pi (x) = c1,i + c2,i (x− xi) ,
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where

x ∈ [xi, xi+1) ,

c1,i = f (xi) ,

c2,i = [xi, xi+1] f,

i = 1, · · · , n− 1.

Header File

#include<oneapi/mkl/experimental/data_fitting.hpp>

Namespace

oneapi::mkl::experimental::data_fitiing

Syntax

namespace linear_spline {
struct default_type {};

}

Example

To create a linear spline object use the following:

spline<float, linear_spline::default_type> val(
/*SYCL queue object*/q,
/*number of spline functions*/ny

);

Follow theExamples section to seemore complicated examples.

CubicSplines

• Header File

• Namespace

1084



Intel® oneAPIMath Kernel Library

• Hermite Spline

– Syntax

– Example

Cubic splines are splines whose degree is equal to 3.

Cubic splines are described by the following polynomial

Pi (x) = c1,i + c2,i (x− xi) + c3,i(x− xi)
2 + c4,i(x− xi)

3,

where

x ∈ [xi, xi+1) ,

i = 1, · · · , n− 1.

There are a lot of different types of cubic splines: Hermite, natural, Akima, Bessel. However, the current version
of DPC++API supports only one type: Hermite.

Header File

#include<oneapi/mkl/experimental/data_fitting.hpp>

Namespace

oneapi::mkl::experimental::data_fitiing

HermiteSpline

Coefficients of Hermite spline are calculated using the following formulas:

c1,i = f (xi) ,

c2,i = si,

c3,i = ([xi, xi+1] f − si) / (∆xi)− c4,i (∆xi) ,

c4,i = (si + si+1 − 2 [xi, xi+1] f) /(∆xi)
2,

si = f (1) (xi) .

The following boundary conditions are supported for Hermite spline:

• Free end (f (2)(x1) = f (2)(xn) = 0).

• Periodic.

• First derivative.

• SecondDerivative.
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Syntax

namespace cubic_spline {
struct hermite {};

}

Example

To create a cubic Hermite spline object use the following:

spline<float, cubic_spline::hermite> val(
/*SYCL queue object*/q,
/*number of spline functions*/ny

);

Follow theExamples section to seemore complicated examples.

16.2.3 Interpolate Function

• Header File

• Namespace

• Syntax

Interpolate function performs computations of function and derivatives values at interpolation sites.

If the sites do not belong to interpolation interval [a, b], the library uses:

• interpolant I0 coefficients computed for interval [x0, x1) for the computations at the sites to the left of a.

• interpolant In−2 coefficients computed for interval [xn−2, xn−1) for the computations at the sites to the
right of b.

Interpolation algorithm depends on interpolant’s type (e.g., for cubic spline interpoilation evaluation of third-
order polynomial is performed to obtain function values).

Header File

#include<oneapi/mkl/experimental/data_fitting.hpp>
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Namespace

oneapi::mkl::experimental::data_fitiing

Syntax

template <typename Interpolant>
sycl::event interpolate(

Interpolant& interpolant,
typename Interpolant::fp_type* sites,
std::int64_t n_sites,
typename Interpolant::fp_type* results,
const std::vector<sycl::event>& dependencies,
interpolate_hint ResultHint = interpolate_hint::funcs_sites_ders,
site_hint SiteHint = site_hint::non_uniform); // (1)

template <typename Interpolant>
sycl::event interpolate(

Interpolant& interpolant,
typename Interpolant::fp_type* sites,
std::int64_t n_sites,
typename Interpolant::fp_type* results,
std::bitset<32> der_indicator,
const std::vector<sycl::event>& dependencies = {},
interpolate_hint ResultHint = interpolate_hint::funcs_sites_ders,
site_hint SiteHint = site_hint::non_uniform); // (2)

template <typename Interpolant>
sycl::event interpolate(

sycl::queue& q,
const Interpolant& interpolant,
typename Interpolant::fp_type* sites,
std::int64_t n_sites,
typename Interpolant::fp_type* results,
const std::vector<sycl::event>& dependencies,
interpolate_hint ResultHint = interpolate_hint::funcs_sites_ders,
site_hint SiteHint = site_hint::non_uniform); // (3)

template <typename Interpolant>
sycl::event interpolate(

sycl::queue& q,
const Interpolant& interpolant,
typename Interpolant::fp_type* sites,
std::int64_t n_sites,
typename Interpolant::fp_type* results,
std::bitset<32> der_indicator,
const std::vector<sycl::event>& dependencies = {},
interpolate_hint ResultHint = interpolate_hint::funcs_sites_ders,
site_hint SiteHint = site_hint::non_uniform); // (4)

For all functions users can provide SiteHint and ResultHint to specify the layout of sites and results re-
spectively. Ifresults layoutdoesn’t satisfyResultHintand/orsites layoutdoesn’t satisfySiteHint, behavior
is undefined. Returns the SYCL event of the submitted task.
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1. Performs computations of function values only using the SYCL queue associatedwith interpolant.

2. Performs computations of certain derivatives (function values is considered as a zero derivative) which
are indicated in der_indicator (each bit corresponds to certain derivative starting from lower bit) using
the SYCL queue associatedwith interpolant.

3. Performs computations of function values only using q as an input argument that should be created from
the same context and device as the SYCL queue associatedwith interpolant.

4. Performs computations of certain derivatives (function values is considered as a zero derivative) which
are indicated in der_indicator (each bit corresponds to certain derivative starting from lower bit) using
q as an input argument that should be created from the same context and device as the SYCL queue as-
sociatedwith interpolant.

Follow theExamples section to see examples of the interpolation function usage.

16.2.4 Examples

The following example demonstrates how to construct the linear spline and perform the interpolation.

1 #include <cstdint>
2 #include <iostream>
3 #include <vector>
4

5 #include <CL/sycl.hpp>
6

7 #include <oneapi/mkl/experimental/data_fitting.hpp>
8

9 constexpr std::int64_t nx = 10'000;
10 constexpr std::int64_t nsites = 150'000;
11

12 int main (int argc, char ** argv) {
13

14 sycl::queue q;
15 sycl::usm_allocator<double, sycl::usm::alloc::shared> alloc(q);
16

17 // Allocate memory for spline parameters
18 std::vector<double, decltype(alloc)> partitions(nx, alloc);
19 std::vector<double, decltype(alloc)> functions(nx, alloc);
20 std::vector<double, decltype(alloc)> coeffs(2 * (nx - 1), alloc);
21 std::vector<double, decltype(alloc)> sites(nsites, alloc);
22 std::vector<double, decltype(alloc)> results(nsites, alloc);
23

24 // Fill parameters with valid data
25 for (std::int64_t i = 0; i < nx; ++i) {
26 partitions[i] = 0.1 * i;
27 functions[i] = i * i;
28 }
29

30 for (std::int64_t i = 0; i < nsites; ++i) {
31 sites[i] = (0.1 * nx * i) / nsites);
32 }
33

(continues on next page)
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(continued from previous page)

34 namespace df = oneapi::mkl::experimental::data_fitting;
35 // Set parameters to spline
36 df::spline<double, df::linear_spline::default_type> spl(q);
37 spl.set_partitions(partitions.data(), nx)
38 .set_coefficients(coeffs.data())
39 .set_function_values(functions.data());
40

41 // Construct spline
42 auto event = spl.construct();
43 event = df::interpolate(spl, sites.data(), nsites, results.data(), { event });
44 event.wait();
45

46 std::cout << "done" << std::endl;
47 return 0;
48 }
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18.0 AppendixA: oneMKLFunctionality

This appendix provides an overview of the Intel® oneAPI Math Kernel Library (oneMKL) functionality on the
different devices.

18.1 BLASFunctionality

Functionality CPU Intel GPU
BLASLevel 1 All All
BLAS Level 2 All All
BLAS Level 3 All All
BLAS-like Extensions All All

18.2 LAPACKFunctionality

Note: All of theDPC++ LAPACKcomputational routines have a corresponding *_scratchpad_size function for
calculating the required amount of scratchpad space.

Functionality CPU Intel GPU
getrf Yes Yes
getrs Yes Yes
getri Yes Yes

Functionality CPU Intel GPU
potrf Yes Yes
potrs Yes Yes
potri Yes Yes

Functionality CPU Intel GPU
geqrf Yes Yes
{or,un}gqr Yes Yes
{or,un}mqr Yes Yes
gerqf Yes No
{or,un}mrq Yes No
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Functionality CPU Intel GPU
trtrs Yes Yes
{sy,he}trf Yes No

Functionality CPU Intel GPU
{sy,he}ev Yes Yes
{sy,he}evd Yes Yes
{sy,he}evx Yes Yes
{sy,he}trd Yes Yes
{or,un}gtr Yes No
{or,un}mtr Yes No
steqr Yes Yes

Functionality CPU Intel GPU
{sy,he}gvd Yes Yes
{sy,he}gvx Yes Yes

Functionality CPU Intel GPU
gesvd Yes Yes
gebrd Yes Yes
{or,un}gbr Yes No

Functionality CPU Intel GPU
getrf_batch Yes Yes
getrs_batch Yes Yes
getri_batch Yes Yes
potrf_batch Yes Yes
potrs_batch Yes Yes
geqrf_batch Yes Yes
{or,un}gqr_batch Yes Yes
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18.2.1 Other LAPACKRoutines

CPU Intel GPU
No No

18.3 DFTFunctionality

Functionality CPU Intel GPU
1D Complex-to-Complex FFT transformations Yes Yes
2DComplex-to-Complex FFT transformations Yes Yes
3DComplex-to-Complex FFT transformations Yes Yes
4DComplex-to-Complex FFT transformations No No
5DComplex-to-Complex FFT transformations No No
6DComplex-to-Complex FFT transformations No No
7DComplex-to-Complex FFT transformations No No
1DReal-to-Complex FFT transformations Yes Yes
2DReal-to-Complex FFT transformations Yes Yes
3DReal-to-Complex FFT transformations Yes Yes
4DReal-to-Complex FFT transformations No No
5DReal-to-Complex FFT transformations No No
6DReal-to-Complex FFT transformations No No
7DReal-to-Complex FFT transformations No No

18.4 SparseBLASFunctionality

In the following table for functionality, sm=sparsematrix, dm=densematrix, sv=sparsevector, dv=densevector,
sc = scalar.

In the following table for operations, dense vectors = x, y, sparse vectors = w,v, densematrices = X,Y, sparsema-
trices = A, B, C, and scalars = alpha, beta, d.
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18.4.1 Level 1

Functionality Operations CPU Intel
GPU

SparseVector - DenseVector addition (AXPY) y <- alpha * w + y No No
Sparse Vector - Sparse Vector Dot product (SPDOT)
(sv.sv -> sc)

d <- dot(w,v) N/A N/A

dot(w,v) = sum(wi* vi) No No
dot(w,v) = sum(conj(wi)
* vi)

No No

Sparse Vector - Dense Vector Dot product (SPDOT)
(sv.dv -> sc)

d <- dot(w,x) N/A N/A

dot(w,v) = sum(wi* vi) No No
dot(w,v) = sum(conj(wi)
* vi)

No No

DenseVector - Sparse Vector Conversion (sv <-> dv) — N/A N/A
x = scatter(w) No No
w = gather(x,windx) No No

In the following table for functionality, sm=sparsematrix, dm=densematrix, sv=sparsevector, dv=densevector,
sc = scalar.

In the following table for operations, dense vectors = x, y, sparse vectors = w,v, densematrices = X,Y, sparsema-
trices = A, B, C, and scalars = alpha, beta, d.
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18.4.2 Level 2

Functionality Operations CPU Intel
GPU

General Matrix-Vector multiplication (GEMV) (sm*dv-
>dv)

y <- beta*y + alpha *
op(A)*x

N/A N/A

op(A) = A Yes Yes
op(A) = AT Yes Yes
op(A) = AH No No

Symmetric Matrix-Vector multiplication (SYMV)
(sm*dv->dv)

y <- beta*y + alpha *
op(A)*x

N/A N/A

op(A) = A Yes Yes
op(A) = AT Yes Yes
op(A) = AH No No

Triangular Matrix-Vector multiplication (TRMV)
(sm*dv->dv)

y <- beta*y + alpha *
op(A)*x

N/A N/A

op(A) = A Yes No
op(A) = AT Yes No
op(A) = AH No No

General Matrix-Vector mult with dot product (GEMV-
DOT) (sm*dv -> dv, dv.dv->sc)

y <- beta*y + alpha *
op(A)*x, d = dot(x,y)

N/A N/A

op(A) = A Yes Yes
op(A) = AT Yes Yes
op(A) = AH No No

Triangular Solve (TRSV) (inv(sm)*dv -> dv) solve for y, op(A)*y = al-
pha*x

N/A N/A

op(A) = A Yes Yes
op(A) = AT Yes Yes
op(A) = AH No No

In the following table for functionality, sm=sparsematrix, dm=densematrix, sv=sparsevector, dv=densevector,
sc = scalar.

In the following table for operations, dense vectors = x, y, sparse vectors = w,v, densematrices = X,Y, sparsema-
trices = A, B, C, and scalars = alpha, beta, d.

18.4.3 Level 3

Functionality Operations CPU Intel GPU
General Sparse Matrix - Dense Matrix Multiplica-
tion (GEMM) (sm*dm->dm)

Y <- alpha*op(A)*op(X) + beta*Y N/A N/A

op(A) = A, op(X) = X Yes Yes
op(A) = AT, op(X) = X Yes Yes

continues on next page
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Table 32 – continued from previous page
Functionality Operations CPU Intel GPU

op(A) = AH, op(X) = X Yes Yes
op(A) = A, op(X) = XT No No
op(A) = AT, op(X) = XT No No
op(A) = A, op(X) = XH No No
op(A) = AH No No
op(A) = AT, op(X) = XH No No
op(A) = AH, op(X) = XH No No

General Dense Matrix - Sparse Matrix Multiplica-
tion (GEMM) (dm*sm->dm)

Y <- alpha*op(X)*op(A) + beta*Y N/A N/A

op(X) = X, op(A)=A No No
op(X) = XH, op(A)=A No No
op(X) = XH, op(A)=A No No
op(X) = X, op(A)=AH No No
op(X) = XH, op(A)=AH No No
op(X) = XH, op(A)=AH No No
op(X) = X, op(A)=AH No No
op(X) = XH, op(A)=AH No No
op(X) = XH, op(A)=AH No No

General SparseMatrix - SparseMatrixMultiplica-
tion (GEMM) (sm*sm->sm)

C <- alpha*op(A)*op(B) + beta*C N/A N/A

op(A)=A, op(B)=B No No
op(A)=AT, op(B)=B No No
op(A)=AH, op(B)=B No No
op(A)=A, op(B)=BT No No
op(A)=AT, op(B)=BT No No
op(A)=AH, op(B)=BT No No
op(A)=A, op(B)=BH No No
op(A)=AT, op(B)=BH No No
op(A)=AH, op(B)=BH No No

General SparseMatrix - SparseMatrixMultiplica-
tion (GEMM) (sm*sm->dm)

Y <- alpha*op(A)*op(B) + beta*Y N/A N/A

op(A)=A, op(B)=B No No
op(A)=AT, op(B)=B No No
op(A)=AH, op(B)=B No No
op(A)=A, op(B)=BT No No
op(A)=AT, op(B)=BT No No
op(A)=AH, op(B)=BT No No
op(A)=A, op(B)=BH No No
op(A)=AT, op(B)=BH No No
op(A)=AH, op(B)=BH No No

Symmetric Rank-K update (SYRK) (sm*sm->sm) C <- op(A)*op(A)H N/A N/A
op(A)=A No No

continues on next page
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Table 32 – continued from previous page
Functionality Operations CPU Intel GPU

op(A)=AT No No
op(A)=AH No No

Symmetric Rank-K update (SYRK) (sm*sm->dm) Y <- op(A)*op(A)H N/A N/A
op(A)=A No No
op(A)=AT No No
op(A)=AH No No

Symmetric Triple Product (SYPR)
(op(sm)*sm*sm -> sm)

C <- op(A)*B*op(A)H N/A N/A

op(A)=A No No
op(A)=AT No No
op(A)=AH No No

Triangular Solve (TRSM) (inv(sm)*dm -> dm) solve for Y, op(A)*Y = alpha*X N/A N/A
op(A)=A No No
op(A)=AT No No
op(A)=AH No No

In the following table for functionality, sm=sparsematrix, dm=densematrix, sv=sparsevector, dv=densevector,
sc = scalar.

In the following table for operations, dense vectors = x, y, sparse vectors = w,v, densematrices = X,Y, sparsema-
trices = A, B, C, and scalars = alpha, beta, d.

18.4.4 Other

Functionality Operations CPU Intel
GPU

Symmetric Gauss-Seidel Preconditioner (SYMGS)
(update A*x=b, A=L+D+U)

x0 <- x*alpha; (L+D)*x1=b-
U*x0; (U+D)*x=b-L*x1

No No

Symmetric Gauss-Seidel Preconditioner with Matrix-
Vector product (SYMGS_MV) (update A*x=b,
A=L+D+U)

x0 <- x*alpha; (L+D)*x1=b-
U*x0; (U+D)*x=b-L*x1;
y=A*x

No No

LU Smoother (LU_SMOOTHER) (update A*x=b,
A=L+D+U, E~inv(D) )

r=b-A*x;
(L+D)*E*(U+D)*dx=r;
y=x+dr

No No

SparseMatrix Add (ADD) C <- alpha*op(A) + B No No
op(A) = AT No No
op(A) = AH No No

In the following table for operations, dense vectors = x, y, sparse vectors = w,v, densematrices = X,Y, sparsema-
trices = A, B, C, and scalars = alpha, beta, d.
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18.4.5 Helper Functions

Functionality Operations CPU Intel
GPU

Sort Indices ofMatrix (ORDER) N/A No No
Transpose of Sparse Matrix (TRANS-
POSE)

A <- op(A) with op=trans or conjtrans N/A N/A

transposeCSR/CSCmatrix No No
transpose BSRmatrix No No

Sparse Matrix Format Converter (CON-
VERT)

N/A No No

Dense to Sparse Matrix Format Con-
verter (CONVERT)

N/A No No

CopyMatrix Handle (COPY) N/A No No
Create CSRMatrix Handle N/A Yes Yes
Create CSCMatrix Handle N/A No No
Create COOMatrix Handle N/A No No
Create BSRMatrix Handle N/A No No
Export CSRMatrix Allows access to internal data in theCSR

Matrix handle
No No

Export CSCMatrix Allows access to internal data in theCSC
Matrix handle

No No

Export COOMatrix Allowsaccess to internal data in theCOO
Matrix handle

No No

Export BSRMatrix Allows access to internal data in the BSR
Matrix handle

No No

Set Value inMatrix N/A No N

In the following table for functionality, sm=sparsematrix, dm=densematrix, sv=sparsevector, dv=densevector,
sc = scalar.

In the following table for operations, dense vectors = x, y, sparse vectors = w,v, densematrices = X,Y, sparsema-
trices = A, B, C, and scalars = alpha, beta, d.
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18.4.6 OptimizeStages

Functionality Operations CPU Intel
GPU

addMEMORYhintandoptimize Chooses to allow larger memory requiring opti-
mizations or not.

No No

AddGEMVhint and optimize N/A Yes No
AddSYMVhint and optimize N/A Yes No
AddTRMVhint and optimize N/A Yes No
addTRSVhint and optimize N/A Yes No
addGEMMhint and optimize N/A Yes No
addTRSMhint and optimize N/A No No
addDOTMVhint and optimize N/A Yes No
addSYMGShint and optimize N/A No No
add SYMGS_MV hint and opti-
mize

N/A No No

add LU_SMOOTHER hint and
optimize

N/A No No

18.5 SparseSolvers Functionality

Functionality CPU Intel GPU
Sparse Cholesky Factorization No No
Sparse LUFactorization No No
SparseQR factorization No No
Hermitian/Symmetric Eigensolver on intervals for SparseMatrices No No
Extremal Eigensolvers for SparseMatrix No No
Poisson Solver No No
Trust Region Solver No No

18.6 GraphsFunctionality

Functionality CPU Intel GPU
mxv No No
vxm No No
mxm No No
transpose No No
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Functionality CPU Intel GPU
matrix_create No No
matrix_destroy No No
vector_create No No
vector_destroy No No
descriptor_create No No
descriptor_destroy No No

Functionality CPU Intel GPU
matrix_set_csr No No
matrix_get_csr No No
matrix_set_csc No No
matrix_get_csc No No
vector_set_dense No No
vector_get_dense No No
vector_set_sparse No No
vector_get_sparse No No

Functionality CPU Intel GPU
optimize_mxv No No
optimize_mxm No No
matrix_get_property No No
vector_get_property No No

Functionality CPU Intel GPU
descriptor_set_field No No
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18.7 RandomNumberGenerators Functionality

18.7.1 Engines

Functionality CPU Intel GPU
MRG32K3A Yes Yes
MT2203 Yes Yes
MT19937 Yes Yes
PHILOX4X32X10 Yes Yes
SOBOL Yes Yes
ARS5 Yes No
MCG59 Yes Yes
NIEDERR Yes No
MCG31 Yes Yes
WH Yes No
SFMT19937 Yes No
R250 Yes No
NONDETERM Yes No
DABSTRACT No No
SABSTRACT No No
SABSTRACT No No
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18.7.2 Distributions

Functionality CPU Intel GPU
Uniform (single/double/integer) Yes Yes
UniformBits32
UniformBits64

Yes Yes

Lognormal (single/double) Yes Yes
Gaussian (single/double) Yes Yes
Poisson Yes Yes
UniformBits Yes Yes
Bernoulli Yes Yes
Beta (single/double) Yes No
Binomial Yes No
ChiSquare (single/double) Yes No
Exponential (single/double) Yes Yes
Gamma (single/double) Yes No
Geometric Yes Yes
Gumbel (single/double) Yes Yes
Hyper Geometric Yes No
Laplace (single/double) Yes Yes
Multinomial Yes No
Negative Binomial Yes No
PoissonV Yes No
Rayleigh (single/double) Yes Yes
Weibull (single/double) Yes Yes
Cauchy (single/double) Yes Yes
GaussianMV (single/double) Yes No

18.8 VectorMathFunctionality

Functionality CPU Intel GPU
VectorMath Functions, Single Precision Yes Yes
VectorMath Functions, Double Precision Yes Yes
VectorMath Functions, Single Precision Complex Yes No
VectorMath Functions, Double Precision Complex Yes No

OpenMP* offload to the GPU is implemented in the Linux* OS, but not in theWindows* OS. TheWindows OS
implementation will be available in a future release.

1104



Intel® oneAPIMath Kernel Library

18.9 Data FittingFunctionality

18.9.1 Splines, SplineType

Functionality CPU Intel GPU
default linear Yes (since oneMKL 2022.1) Yes (since oneMKL 2022.1)
default quadratic No No
default cubic No No
subbotin No No
natural No No
hermite Yes (since oneMKL 2022.1) Yes (since oneMKL 2022.1)
akima No No
bessel No No
hyman No No
lookup interpolant No No
cr stepwise const interpolant No No
cl stepwise const interpolant No No

18.9.2 ComputationRoutines

Functionality CPU Intel GPU
Construct1D Yes (since oneMKL 2022.1) Yes (since oneMKL 2022.1)
Interpolate1D Yes (since oneMKL 2022.1) Yes (since oneMKL 2022.1)
Interpolate1DEx No No
Integrate1D No No
Integrate1DEx No No
SearchCells1D No No
SearchCells1DEx No No
InterpolationCallBack No No
IntegrateCallBack No No
SearchCellsCallBack No No
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18.10 SummaryStatistics Functionality

Functionality CPU Intel GPU
min Yes No
max Yes No
raw sum
2nd order raw sum
3rd order raw sum
4th order raw sum

Yes No

2nd order central sum
3rd order central sum
4th order central sum

Yes No

mean
2nd order rawmoment
3rd order rawmoment
4th order rawmoment

Yes No

2nd order central moment
3rd order central moment
4th order central moment

Yes No

kurtosis Yes No
skewness Yes No
variation coefficient Yes No
covariancematrix No No
correlationmatrix No No
cross-productmatrix No No
pooled covariancematrix No No
pooledmean No No
group covariancematrix No No
groupmean No No
quantiles No No
order statistics No No
robust covariancematrix No No
ouliers detection No No
partial covariancematrix No No
partial covariancematrix No No
missing values No No
parameterized correlationmatrix No No
streamquantiles No No
mean absolute deviation No No
median absolute deviation No No
sorted observations No No
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19.0 Notices andDisclaimers

Intel technologiesmay require enabled hardware, software or service activation.

No product or component can be absolutely secure.

Your costs and results may vary.

© Intel Corporation. Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or its sub-
sidiaries. Other names and brandsmay be claimed as the property of others.

No license (express or implied, by estoppel or otherwise) to any intellectual property rights is granted by this
document.

The products describedmay contain design defects or errors known as errata whichmay cause the product to
deviate from published specifications. Current characterized errata are available on request.

Intel disclaims all express and implied warranties, including without limitation, the implied warranties of mer-
chantability, fitness for a particular purpose, and non-infringement, as well as any warranty arising from course
of performance, course of dealing, or usage in trade.

Software andworkloads used in performance tests may have been optimized for performance only on Intel mi-
croprocessors. Performance tests, such as SYSmark and MobileMark, are measured using specific computer
systems, components, software, operations and functions. Any change to any of those factors may cause the
results to vary. You should consult other information and performance tests to assist you in fully evaluating your
contemplated purchases, including the performance of that product when combined with other products. For
more complete information visit https://www.intel.com/content/www/us/en/benchmarks/benchmark.html.

INFORMATION IN THIS DOCUMENT IS PROVIDED “AS IS”. NO LICENSE, EXPRESS OR IMPLIED, BY
ESTOPPELOROTHERWISE, TOANY INTELLECTUALPROPERTYRIGHTS ISGRANTEDBYTHISDOC-
UMENT. INTELASSUMESNOLIABILITYWHATSOEVERAND INTELDISCLAIMSANYEXPRESSOR IM-
PLIED WARRANTY, RELATING TO THIS INFORMATION INCLUDING LIABILITY OR WARRANTIES RE-
LATINGTOFITNESSFORAPARTICULARPURPOSE,MERCHANTABILITY,OR INFRINGEMENTOFANY
PATENT, COPYRIGHTOROTHER INTELLECTUALPROPERTYRIGHT.

OpenCL and theOpenCL logo are trademarks of Apple Inc. used by permission by Khronos.

Microsoft, Windows, and theWindows logo are trademarks, or registered trademarks of Microsoft Corporation
in theUnited States and/or other countries.

Java is a registered trademark of Oracle and/or its affiliates.

19.1 ThirdPartyContent

Intel® oneAPIMath Kernel Library includes content from several 3rd party sources that was originally governed
by the licenses referenced below:

• Portions©Copyright 2001 Hewlett-PackardDevelopment Company, L.P.
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• Sections on the Linear Algebra PACKage (LAPACK) routines include derivative work portions that have
been copyrighted:

– © 1991, 1992, and 1998 by TheNumerical AlgorithmsGroup, Ltd.

• Intel® oneAPI Math Kernel Library supports LAPACK 3.5 set of computational, driver, auxiliary and utility
routines under the following license:

Copyright© 1992-2011TheUniversity ofTennesseeandTheUniversity ofTennesseeResearchFounda-
tion. All rights reserved.

Copyright© 2000-2011 TheUniversity of California Berkeley. All rights reserved.

Copyright© 2006-2012 TheUniversity of ColoradoDenver. All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided
that the following conditions aremet:

– Redistributions of source codemust retain the above copyright notice, this list of conditions and the
following disclaimer.

– Redistributions in binary formmust reproduce the above copyright notice, this list of conditions and
the following disclaimer listed in this license in the documentation and/or other materials provided
with the distribution.

– Neither the name of the copyright holders nor the names of its contributorsmay be used to endorse
or promote products derived from this software without specific prior written permission.

The copyright holders provide no reassurances that the source code provided does not infringe any
patent, copyright, or any other intellectual property rights of third parties. The copyright holders disclaim
any liability to any recipient for claims brought against recipient by any third party for infringement of that
parties intellectual property rights.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS “AS IS”
ANDANYEXPRESSOR IMPLIEDWARRANTIES, INCLUDING, BUTNOTLIMITEDTO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DIS-
CLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR
ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
LOSSOFUSE, DATA,ORPROFITS; ORBUSINESS INTERRUPTION)HOWEVERCAUSEDANDON
ANYTHEORYOFLIABILITY,WHETHER INCONTRACT, STRICTLIABILITY, ORTORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE,
EVEN IFADVISEDOFTHEPOSSIBILITYOFSUCHDAMAGE.

The original versions of LAPACK from which that part of Intel® oneAPI Math Kernel Library was derived
canbe obtained fromhttp://www.netlib.org/lapack/index.html. The authors of LAPACKareE. Anderson,
Z. Bai, C. Bischof, S. Blackford, J. Demmel, J. Dongarra, J. Du Croz, A. Greenbaum, S. Hammarling, A.
McKenney, andD. Sorensen.

• The original versions of the Basic Linear Algebra Subprograms (BLAS) from which the respective part
of Intel® oneAPIMath Kernel Library was derived can be obtained from http://www.netlib.org/blas/index.
html.
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• XBLAS is distributed under the following copyright:

Copyright© 2008-2009TheUniversity of California Berkeley.

All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided
that the following conditions aremet:

– Redistributions of source codemust retain the above copyright notice, this list of conditions and the
following disclaimer.

– Redistributions in binary formmust reproduce the above copyright notice, this list of conditions and
the following disclaimer listed in this license in the documentation and/or other materials provided
with the distribution.

– Neither the name of the copyright holders nor the names of its contributorsmay be used to endorse
or promote products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS “AS IS”
ANDANYEXPRESSOR IMPLIEDWARRANTIES, INCLUDING, BUTNOTLIMITEDTO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DIS-
CLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR
ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
LOSSOFUSE, DATA,ORPROFITS; ORBUSINESS INTERRUPTION)HOWEVERCAUSEDANDON
ANYTHEORYOFLIABILITY,WHETHER INCONTRACT, STRICTLIABILITY, ORTORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE,
EVEN IFADVISEDOFTHEPOSSIBILITYOFSUCHDAMAGE.

• Theoriginal versions of theBasic LinearAlgebraCommunicationSubprograms (BLACS) fromwhich the
respective part of Intel® oneAPIMath Kernel Library was derived can be obtained fromhttp://www.netlib.
org/blacs/index.html. The authors of BLACS are JackDongarra and R. ClintWhaley.

• Theoriginal versions of Scalable LAPACK (ScaLAPACK) fromwhich the respective part of Intel® oneAPI
Math Kernel Library was derived can be obtained from http://www.netlib.org/scalapack/index.html. The
authors of ScaLAPACK are L. S. Blackford, J. Choi, A. Cleary, E. D’Azevedo, J. Demmel, I. Dhillon, J. Don-
garra, S. Hammarling, G. Henry, A. Petitet, K. Stanley, D.Walker, and R. C.Whaley.

• The original versions of the Parallel Basic LinearAlgebra Subprograms (PBLAS) routines fromwhich the
respective part of Intel® oneAPIMath Kernel Library was derived can be obtained fromhttp://www.netlib.
org/scalapack/html/pblas_qref.html.

• PARDISO (PARallel DIrect SOlver)* in Intel® oneAPIMath Kernel Library was originally developed by the
Department ofComputer Science at theUniversity of Basel (http://www.unibas.ch). It can beobtained at
http://www.pardiso-project.org.

• TheExtendedEigensolver functionality is basedon theFeast solver packageand is distributedunder the
following license:

Copyright© 2009, The Regents of theUniversity of Massachusetts, Amherst.

Developed by E. Polizzi
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All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided
that the following conditions aremet:

1. Redistributions of source codemust retain the above copyright notice, this list of conditions and the
following disclaimer.

2. Redistributions in binary formmust reproduce the above copyright notice, this list of conditions and
the following disclaimer in the documentation and/or othermaterials providedwith the distribution.

3. Neither the name of theUniversity nor the names of its contributorsmay be used to endorse or pro-
mote products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR ‘’AS IS’’ AND ANY EXPRESSOR IMPLIEDWAR-
RANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABIL-
ITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
AUTHORBE LIABLE FORANYDIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, ORCON-
SEQUENTIAL DAMAGES (INCLUDING, BUTNOT LIMITED TO, PROCUREMENTOF SUBSTITUTE
GOODSORSERVICES; LOSSOFUSE, DATA,ORPROFITS; ORBUSINESS INTERRUPTION)HOW-
EVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABIL-
ITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE
USEOFTHIS SOFTWARE, EVEN IFADVISEDOFTHEPOSSIBILITYOFSUCHDAMAGE.

• Some Fast Fourier Transform (FFT) functions in this release of Intel® oneAPI Math Kernel Library have
been generated by the SPIRAL software generation system (http://www.spiral.net/) under license from
Carnegie Mellon University. The authors of SPIRAL are Markus Puschel, Jose Moura, Jeremy Johnson,
David Padua, Manuela Veloso, Bryan Singer, Jianxin Xiong, Franz Franchetti, Aca Gacic, Yevgen Voro-
nenko, KangChen, RobertW. Johnson, andNick Rizzolo.

• OpenMPI is distributed under theNewBSD license, listed below.

Most files in this release are marked with the copyrights of the organizations who have edited them. The
copyrights beloware in noparticular order andgenerally reflectmembers of theOpenMPI core teamwho
have contributed code to this release. The copyrights for code used under license from other parties are
included in the corresponding files.

Copyright © 2004-2010 The Trustees of Indiana University and Indiana University Research and Tech-
nologyCorporation. All rights reserved.

Copyright©2004-2010TheUniversity of Tennessee andTheUniversity of TennesseeResearch Foun-
dation. All rights reserved.

Copyright©2004-2010HighPerformanceComputingCenterStuttgart,UniversityofStuttgart. All rights
reserved.

Copyright© 2004-2008TheRegents of theUniversity of California. All rights reserved.

Copyright© 2006-2010 LosAlamosNational Security, LLC. All rights reserved.

Copyright© 2006-2010Cisco Systems, Inc. All rights reserved.

Copyright© 2006-2010Voltaire, Inc. All rights reserved.

Copyright© 2006-2011 Sandia National Laboratories. All rights reserved.
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Copyright© 2006-2010 SunMicrosystems, Inc. All rights reserved. Use is subject to license terms.

Copyright© 2006-2010 TheUniversity of Houston. All rights reserved.

Copyright© 2006-2009Myricom, Inc. All rights reserved.

Copyright© 2007-2008UT-Battelle, LLC. All rights reserved.

Copyright© 2007-2010 IBMCorporation. All rights reserved.

Copyright© 1998-2005ForschungszentrumJuelich, JuelichSupercomputingCentre, FederalRepublic
of Germany

Copyright© 2005-2008ZIH, TUDresden, Federal Republic of Germany

Copyright© 2007 Evergrid, Inc. All rights reserved.

Copyright© 2008Chelsio, Inc. All rights reserved.

Copyright© 2008-2009 Institut National de Recherche en Informatique. All rights reserved.

Copyright© 2007 Lawrence LivermoreNational Security, LLC. All rights reserved.

Copyright© 2007-2009Mellanox Technologies. All rights reserved.

Copyright© 2006-2010QLogic Corporation. All rights reserved.

Copyright© 2008-2010Oak RidgeNational Labs. All rights reserved.

Copyright© 2006-2010Oracle and/or its affiliates. All rights reserved.

Copyright© 2009Bull SAS. All rights reserved.

Copyright© 2010ARM ltd. All rights reserved.

Copyright© 2010-2011 Alex Brick . All rights reserved.

Copyright© 2012 TheUniversity ofWisconsin-La Crosse. All rights reserved.

Copyright© 2013-2014 Intel, Inc. All rights reserved.

Copyright© 2011-2014NVIDIACorporation. All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided
that the following conditions aremet:

– Redistributions of source codemust retain the above copyright notice, this list of conditions and the
following disclaimer.

– Redistributions in binary formmust reproduce the above copyright notice, this list of conditions and
the following disclaimer listed in this license in the documentation and/or other materials provided
with the distribution.

– Neither the name of the copyright holders nor the names of its contributorsmay be used to endorse
or promote products derived from this software without specific prior written permission.
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The copyright holders provide no reassurances that the source code provided does not infringe any
patent, copyright, or any other intellectual property rights of third parties. The copyright holders disclaim
any liability to any recipient for claims brought against recipient by any third party for infringement of that
parties intellectual property rights.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS “AS IS”
ANDANYEXPRESSOR IMPLIEDWARRANTIES, INCLUDING, BUTNOTLIMITEDTO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DIS-
CLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR
ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
LOSSOFUSE, DATA, ORPROFITS; ORBUSINESS INTERRUPTION)HOWEVERCAUSEDANDON
ANYTHEORYOFLIABILITY,WHETHER INCONTRACT, STRICTLIABILITY, ORTORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE,
EVEN IFADVISEDOFTHEPOSSIBILITYOFSUCHDAMAGE.

• The Safe C Library is distributed under the following copyright:

Copyright (c)

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and asso-
ciated documentation files (the “Software”), to deal in the Software without restriction, including without
limitation the rights to use, copy, modify, merge, publish, distribute, sublicense, and/or sell copies of the
Software, and to permit persons to whom the Software is furnished to do so, subject to the following con-
ditions:

The above copyright notice and this permission notice shall be included in all copies or substantial por-
tions of the Software.

THE SOFTWARE IS PROVIDED “AS IS”, WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FIT-
NESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AU-
THORSORCOPYRIGHTHOLDERSBELIABLEFORANYCLAIM,DAMAGESOROTHERLIABILITY,
WHETHER INANACTIONOFCONTRACT, TORTOROTHERWISE, ARISINGFROM,OUTOFOR IN
CONNECTIONWITHTHESOFTWAREORTHEUSEOROTHERDEALINGS INTHESOFTWARE.

• HPLCopyright Notice and Licensing Terms

Redistribution and use in source and binary forms, with or without modification, are permitted provided
that the following conditions aremet:

1. Redistributions of source codemust retain the above copyright notice, this list of conditions and the
following disclaimer.

2. Redistributions in binary formmust reproduce the above copyright notice, this list of conditions, and
the following disclaimer in the documentation and/or othermaterials providedwith the distribution.

3. All advertising materials mentioning features or use of this software must display the following
acknowledgement: This product includes software developed at the University of Tennessee,
Knoxville, Innovative Computing Laboratories.

4. The name of the University, the name of the Laboratory, or the names of its contributors may not be
used to endorse or promote products derived from this softwarewithout specificwritten permission.

1112


	What's New
	Introduction to the Intel® oneAPI Math Kernel Library (oneMKL) BLAS and LAPACK with DPC++
	Differences between Standard BLAS/LAPACK and DPC++ oneMKL APIs
	Matrix Layout (Row Major and Column Major)

	Overview of Intel® oneMKL BLAS Routines for Data Parallel C++
	Device Support

	Overview of Intel® oneAPI Math Kernel Library (oneMKL) Sparse BLAS for DPC++
	Device Support

	Overview of Intel® oneAPI Math Kernel Library (oneMKL) LAPACK for DPC++
	Device Support

	Data Types
	BLAS and LAPACK Data Types
	Vector Math Data Types

	Matrix Storage
	General Matrix
	Triangular Matrix
	Band Matrix
	Triangular Band Matrix
	Packed Triangular Matrix
	Vector

	Error Handling
	Exception Classification

	BLAS Routines
	BLAS Level 1 Routines
	BLAS Level 2 Routines
	BLAS Level 3 Routines
	BLAS-like Extensions
	Compute Modes

	Sparse BLAS Routines
	Sparse BLAS Matrix Handle Contract between User and Library
	Sparse BLAS Supported Data and Integer Types
	Sparse Storage Formats
	oneapi::mkl::sparse::init_matrix_handle
	oneapi::mkl::sparse::release_matrix_handle
	oneapi::mkl::sparse::set_csr_data
	oneapi::mkl::sparse::set_matrix_property
	oneapi::mkl::sparse::optimize_gemv
	oneapi::mkl::sparse::optimize_trmv
	oneapi::mkl::sparse::optimize_trsv
	oneapi::mkl::sparse::gemv
	oneapi::mkl::sparse::gemvdot
	oneapi::mkl::sparse::symv
	oneapi::mkl::sparse::trmv
	oneapi::mkl::sparse::trsv
	oneapi::mkl::sparse::gemm
	oneapi::mkl::sparse::init_matmat_descr
	oneapi::mkl::sparse::set_matmat_data
	oneapi::mkl::sparse::get_matmat_data
	oneapi::mkl::sparse::release_matmat_descr
	oneapi::mkl::sparse::matmat
	oneapi::mkl::sparse::omatcopy
	oneapi::mkl::sparse::sort_matrix

	LAPACK Routines
	gebrd
	gebrd (USM Version)
	gebrd_scratchpad_size
	gels_batch (Buffer Strided Version)
	gels_batch (USM Strided Version)
	gels_batch_scratchpad_size (Strided Version)
	geqrf
	geqrf (USM Version)
	geqrf_batch (Buffer Strided Version)
	geqrf_batch (Group Version)
	geqrf_batch (USM Strided Version)
	geqrf_batch_scratchpad_size (Group Version)
	geqrf_batch_scratchpad_size (Strided Version)
	geqrf_scratchpad_size
	gerqf
	gerqf (USM Version)
	gerqf_scratchpad_size
	gesvd
	gesvd (USM Version)
	gesvd_scratchpad_size
	getrf
	getrf (USM Version)
	getrf_batch (Buffer Strided Version)
	getrf_batch (Group Version)
	getrf_batch (USM Strided Version)
	getrf_batch_scratchpad_size (Group Version)
	getrf_batch_scratchpad_size (Strided Version)
	getrf_scratchpad_size
	getrfnp_batch (Buffer Strided Version)
	getrfnp_batch (Group Version)
	getrfnp_batch (USM Strided Version)
	getrfnp_batch_scratchpad_size (Group Version)
	getrfnp_batch_scratchpad_size (Strided Version)
	getri
	getri (USM Version)
	getri_batch (Buffer Strided Version)
	getri_batch (Group Version)
	getri_batch (USM Strided Version)
	getri_batch_scratchpad_size (Group Version)
	getri_batch_scratchpad_size (Strided Version)
	getri_batch (Out-of-place, Buffer Strided Version)
	getri_batch (Out-of-place, USM Strided Version)
	getri_batch_scratchpad_size (Strided Version)
	getri_scratchpad_size
	getrs
	getrs (USM Version)
	getrs_batch (Buffer Strided Version)
	getrs_batch (Group Version)
	getrs_batch (USM Strided Version)
	getrs_batch_scratchpad_size (Group Version)
	getrs_batch_scratchpad_size (Strided Version)
	getrs_scratchpad_size
	getrsnp_batch (Buffer Strided Version)
	getrsnp_batch (USM Strided Version)
	getrsnp_batch_scratchpad_size (Strided Version)
	heevd
	heevd (USM Version)
	heevd_scratchpad_size
	hegvd
	hegvd (USM Version)
	hegvd_scratchpad_size
	hetrd
	hetrd (USM Version)
	hetrd_scratchpad_size
	hetrf
	hetrf (USM Version)
	hetrf_scratchpad_size
	orgbr
	orgbr (USM Version)
	orgbr_scratchpad_size
	orgqr
	orgqr (USM Version)
	orgqr_batch (Buffer Strided Version)
	orgqr_batch (Group Version)
	orgqr_batch (USM Strided Version)
	orgqr_batch_scratchpad_size (Group Version)
	orgqr_batch_scratchpad_size (Strided Version)
	orgqr_scratchpad_size
	orgtr
	orgtr (USM Version)
	orgtr_scratchpad_size
	ormqr
	ormqr (USM Version)
	ormqr_scratchpad_size
	ormrq
	ormrq (USM Version)
	ormrq_scratchpad_size
	ormtr
	ormtr (USM Version)
	ormtr_scratchpad_size
	potrf
	potrf (USM Version)
	potrf_batch (Buffer Strided Version)
	potrf_batch (Group Version)
	potrf_batch (USM Strided Version)
	potrf_batch_scratchpad_size (Group Version)
	potrf_batch_scratchpad_size (Strided Version)
	potrf_scratchpad_size
	potri
	potri (USM Version)
	potri_scratchpad_size
	potrs
	potrs (USM Version)
	potrs_batch (Buffer Strided Version)
	potrs_batch (Group Version)
	potrs_batch (USM Strided Version)
	potrs_batch_scratchpad_size (Group Version)
	potrs_batch_scratchpad_size (Strided Version)
	potrs_scratchpad_size
	syevd
	syevd (USM Version)
	syevd_scratchpad_size
	sygvd
	sygvd (USM Version)
	sygvd_scratchpad_size
	sytrd
	sytrd (USM Version)
	sytrd_scratchpad_size
	sytrf
	sytrf (USM Version)
	sytrf_scratchpad_size
	trtrs
	trtrs (USM Version)
	trtrs_scratchpad_size
	ungbr
	ungbr (USM Version)
	ungbr_scratchpad_size
	ungqr
	ungqr (USM Version)
	ungqr_batch (Buffer Strided Version)
	ungqr_batch (Group Version)
	ungqr_batch (USM Strided Version)
	ungqr_batch_scratchpad_size (Group Version)
	ungqr_batch_scratchpad_size (Strided Version)
	ungqr_scratchpad_size
	ungtr
	ungtr (USM Version)
	ungtr_scratchpad_size
	unmqr
	unmqr (USM Version)
	unmqr_scratchpad_size
	unmrq
	unmrq (USM Version)
	unmrq_scratchpad_size
	unmtr
	unmtr (USM Version)
	unmtr_scratchpad_size

	Vector Mathematical Functions
	Special Value Notations
	VM Mathematical Functions
	VM Service Functions
	Miscellaneous VM Functions

	Random Number Generators
	Definitions

	Summary Statistics
	Definitions
	Routines

	Fourier Transform Functions
	descriptor<precision, domain>
	descriptor<precision, domain>::set_value
	descriptor<precision, domain>::get_value
	descriptor<precision, domain>::commit
	compute_forward<typename descriptor_type, typename data_type>
	compute_backward<typename descriptor_type, typename data_type>
	User-Allocated Workspaces

	Data Fitting
	Routines
	Error Handling

	Bibliography
	VS RNG
	VM

	Appendix A: oneMKL Functionality
	BLAS Functionality
	LAPACK Functionality
	DFT Functionality
	Sparse BLAS Functionality
	Sparse Solvers Functionality
	Graphs Functionality
	Random Number Generators Functionality
	Vector Math Functionality
	Data Fitting Functionality
	Summary Statistics Functionality

	Notices and Disclaimers
	Third Party Content


