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1.1 BRZAX
AXEEMMEFERRE/R® Z38© CPU Max &I SEBTHRAN AN RAEE AN TR,
1.2 VNS
F1 JEmsiaEX
JalgiA ARig EX
BIOS Basic Input Output Service
(EXBHENRS )
HBM High Bandwidth Memory
(EHENRF)
LM 1-Level Memory Mode or HBM 1 DDR {E 938 37 ith i1t 2= jR) X 4044 o] DL ROAE =,
FLAT Mode ( —RREF
B Flat"fE )
2-Leve||"|em0rv(2|-£’|)m0de HBM {E4 DDR RFMIEFIEN., EiZEXT, X DDR
orCacheMode (ZfRW%F | st=sial R A M, i HBM MIfE% DDR KIBFAREM
M R B ) B,
R Linux RZBIN (numa=fake) BRIZINEE, ERAY)
“fake” NUMA Node ( fake- BREDSAZ M fake” (BRRY ) NUMA TR, #TiEH, B
NUMA 5 ) ZfER fake-NUMA, —MMJE NUMA 1 ( BI—1M 45—
MERNEFERXE ) ATANZ N NUMA 5 2R AZz0RT R B Rl 0L,
1.3 S
F2 BF

URL

R BB ET REESE (Intel®
Architecture Instruction Set Extensions
Programming Reference)

https://software.intel.com/content/www/us/en/develop/
download/intel-architecture-instruction-setextensions-
programming-reference.html

http://memkind.github.io/memkind/

memkind
libnuma API https://man7.org/linux/man-pages/man3/numa.3.html
hbwmalloc AP http://memkind.github.io/memkind/man_pages/hbwmalloc.html

FHF/R® Memory Latency Checker ( ZHf/R®
MLC)

https://www.intel.cn/content/www/cn/zh/devel
oper/articles/tool/intelr-memory-latency-
checker.html



https://software.intel.com/content/www/us/en/develop/download/intel-architecture-instruction-setextensions-programming-reference.html
https://software.intel.com/content/www/us/en/develop/download/intel-architecture-instruction-setextensions-programming-reference.html
https://software.intel.com/content/www/us/en/develop/download/intel-architecture-instruction-setextensions-programming-reference.html
http://memkind.github.io/memkind/
http://memkind.github.io/memkind/
https://man7.org/linux/man-pages/man3/numa.3.html
http://memkind.github.io/memkind/man_pages/hbwmalloc.html
http://memkind.github.io/memkind/man_pages/hbwmalloc.html
https://www.intel.cn/content/www/cn/zh/developer/articles/tool/intelr-memory-latency-checker.html
https://www.intel.cn/content/www/cn/zh/developer/articles/tool/intelr-memory-latency-checker.html
https://www.intel.cn/content/www/cn/zh/developer/articles/tool/intelr-memory-latency-checker.html
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>

STREAM EETIT https://www.cs.virginia.edu/stream/

https://www.intel.cn/content/www/cn/zh/developer/tools/one

HAF/RO one API BURZIDEEUE ( Intel® )
api/onemkl-download.html

oneAPI| Math Kernel Library, Z4§/Re
oneMKL )

TR Linux BIZE /R one AP B2 0\ E S E T h_ttp://www.in_teI.com/content/vyvvw/us/gn/develop/documenta

o ey tion/onemkl-linux-developer-guide/top/intel-oneapi-math-
RARIEH kernel-library-benchmarks/intel-distribution-for-linpack-
benchmark-1/overview-intel-distribution-for-linpack-
benchmark.html
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B2E
F45/R® FE38© CPU Max F3

2.1 IEBRREE

I LB EE

AIERE S 41 HBM2e g, SMERNSHFERNTEF (HBM) BREE)H 64 GB, HIMEE 81#E DDR ATE.

WRARSGHR, FINMERBITRES 4 PEF/RO BRIBERE ( Intel® Ultra Path Interconnect, 4R UPI ) 5EE8E
%, WRAEAKNHBM BB E7128GB,

2.1.1 HBM EHKSMIS

B 2. HBM FHI A7 1EFE

HBM R7ZHZ% /> DRAM AFHEAR, B RE&ER. S/ ERES 8 MEBEREZENE LN DRAM, HKF/Re 38 CPU
Max ZRFIAMEZEAE 4 MEM, HBM BB EN 64 GB,



EHRE

E3E
WEHERE

3.1 CPUECE

HEF/R® EIR® CPU Max 2% ( LG ) LIER 5 HBM #1 DDR REA KA =MRAEE ISR E 3
TEEE,

AITRNEGAENSMRARTNE. EXSMEANASEERAHRTEE, MERNANAERXLEERD AT
XHESENEERR.

3.1.1 AFEL

‘ ‘ J HBM |: HBM
3 t : t
Cores, I0& ~ Cores,10& Cores, 10&

Memory Memory Memory
Controllers Controllers Controllers
| ; . [ . _
HBM || HBM |
HBM-only Flat (1LM) Cache (2LM)
B 3. HBM A7zt

SRR A EA =FREFRIE HBM XY (BRERANNA ) TR,

3111 YR HBM'HFER

EARRZHE DDR, WEEYX HBM'AEF#EI, FIHERXT, HBM REEZLNNAE—THNAE, EEREN
HBM #XRERGFET R, MEANSEIRERARENS. B, BRERAMNAIIRERNER HBM, BRER
. EERSMNEAXREETHEN HBMBE (BGLEE64GB) .,

3.1.1.2 “Flat" B8R —HKAE (LM) B

EZCEREDDR NG, AAEZRABHITTF BIOS KEHREFFlat” (BFRILM ) =, £ HBM 1 DDR JTEERI N, 7ELE
T, HBM #1 DDR & B{EAMII I AR AR I, Bl DDR fEA—MMEIIABIEZSE ( NUMA T8 ) A3
FrOL, T HBM {EAS—MEEEE ( NUMA TR ) ARERR. TXE 6.2 TIANR, ARHEEEA NUMA BRATIE
(020 numactl ) ZEE, ABEEZER TER HBM, EMHRMERARESRE HBM (EAEMAFE—ER D #iHia a5k
(BRE$E527),



EHRE

3.1.1.3 “EEEAH_HEANEF (CLM) ER

HERRKDDR, ATHERARMIITF BIOS REPEFEEF" (IR 2LM ) B, {#HBM {E) DDR WAFMERE, £i%
BXT, {XDDRMIL=[ENSEE AT, M HBM N{E N DDR WEBAFNER. Eit, MAMG<STERIELEI A EA
“EF RN, HBM BETEERSET, TEREIINRBEESRAERBRDMRABH (conflict miss) XiIER
(W% 5217),

3.1.2 5 (oK) B

Quad Sl\iC4
B 4. EFHET

SEREURE T IMAT A ERIRHTOX, MAARREKENEEE (NUMATR) .

BEEH (AX), ARTER— P RXAINESHFEMEMNE, EHEXSAFERXNNERKR, HEiF/Re Zge
CPU Max &5 B E & MiTERE,

3.1.2.1  “Quadrant"t&z

“Quadrant"fEI{ AR T X EE T AR MHBULZSIE) ( NUMA T8 ) . FiZERT, MBS REGIMNEES BRI 2
NUMA B0, FtEERFECERMAENZEEERBEEEMNNA (50, BITEMRERZ EHEE KBRS
M OpenMP ZH )

3.1.2.2 “SNC4" ( FNUMA £&-4 ) BIAEREI
ZERXAWTEN CPUBITHR, B 4 NF NUMA EBH X, SMDXEAER 1 AHEN NUMA S i,

Ik, SNMEERZELE 49 NUMA T8, EFERIZIEN, NAJZESE NUMA KREgEN, MHEEE“Quadrant’i&Es, X—1&
RTLMESHFREMBEIVE, FES NUMA KRFNEA (H170 MPI 2 MPI + OpenMP iZH ) .



EHRE

| HBM | HBM |

Cores, IO &
Memory

Cores, 10 & BOBRE™  Cores, 10 &
Memory Memory
Controllers fae & Controllers

Controllers

| HBM | HBM |

Cache, Quad
HBM i HBM

-
HBM i HBM |
HBM-only, SNC4 Flat, SNC4 Cache, SNC4

B 5. AFRIEE

WNE 5 DEERTR, EERC EIRC CPU Max RIIIRIRES 3 FAFEINA 2 MEERHMR, HE o MEEAIHIER,

3.2 SR E

HERF/R® Z5H® CPU Max RFIZIFWIREE, RZH 4 PNRE/Re UP| §EigERE. 5% ( LERR ) A—MIIpitsit=iE
(NUMA 551) . Bk, WERAE " Quadrant"BEX TZELE 2 * NUMA 11, E'SNCA"EX{TZELH 8 4> NUMA

3.3 DIMM B &
SAMLIZREE 4 DDR NEFEEI%, SANERHISRYTE 2 £ DDREE, SMIBRHTE S £BE,
3.3.1 “YX HBM"#E =,

fERR HBM"BEIiY, THFELE DIMM, EERS BIOS AifiRAR, "JEESKEIE BIOS EIAHZMH DIMM, mEH
STEFHITHIERZER,

3.3.2 “Flat"f&z{

6 FImAEA CPU KA Flat" & AIFfE DIMM RHEE%ED, MEE4 DIMM BEEETNEEZFSNCA"ER (F
F HBM. DDR %1 HBM + DDR),



EHRE

l SPR+HBM

gl 3

=3 z 4
Chan 1(7/H) | Chan0(6/G) Chan 1 (5/F) Chan 0 (4/€) Chan 0 (0/A) | Chan1(1/B) Chan 0(2/C) | Chan1(3/D) E = 2 2 =
== = = =| £
= |5|=3|_ 52
AR EEHEHE
DORS =] a8l §|la 2
o N EEE
SIS |E|R BB ¥|S
Slot0 | Slotl | Slot0 | Slotl | Slot0 | Slotl § Slot0 | Slotl Slotl | Slot0 | Slotl | Slot0 | Slotl | Slot0 | Slotl | Slot0 | = | = o |3 wilo W=
n ]| & T 0«0« |<=

0+0 i i

Y ki
Y i
i Y
i Y

Y i

Y v

i Y

6. DIMM B E 2T

FrE AR F Quadrant"ZH"SNC4"#E K {ERH HBM, EREAESXR DIMM BBENRE=MARZF'SNC4A"ER[E
Ff{EFA HBM #1 DDR, ZEIEX#DIMMEESES, DDR FEXRAB A All-to-All'NSHREMEHITRE, ZEXSs
FEERRNIEXTIRE BN E SRIEXTFRITEE.,

S58EEER—MEE (HRETT ) WARMBL, SBEER 21 DDREHE (RE—17) NARSSHERHER
HMESRE,

3.3.3 “EEEI
“EREENERE 4 PMAFRARERANHRDIMMEE, Flt, ERPNEE=TAIINARIZIFEF"ER,
MAKRBEHEN MR, YIEM dual-rank DIMM, EAM8ELE single-rank DIMM, dual-rank DDR DIMM 2RI
BES,

3.4 BIOS1ZE&

ATNET EEFNFEANERERNR BIOS #EI, ATATAEREETIIHWHNEER/Re REFLKTFES (Intel®
Software Development Platform, H4§/RO®SDP ), BAFZHFRKBRETNHEFRRE, B BIOS RMHEME.

MNIMRFEHFR BIOS lRAR B, BAHRERF BIOS RA, FAARARAFEE SIS EEEf TR,
3.4.1 EFERAEFEERI
EAMTREER, £BIOS PiEFNEFEL:

EDKII Menu -> Socket Configuration -> Memory Configurations -> Memory Map -> Volatile Memory Mode ->

ILM/2LM ( EDKIl 8 > HEEE > NEEE > AEBRS > ZEXHAEER > 1LM/2LM)



EHRE

Hemory Map

Selects 1LM or 2LM
node for volatile
memory. For 2LM
memory mode, BIOS
will try to configure
2LM but if BIOS is
unable to configure
2LM, volatile memory
node will fall back
to 1LH

Uolatile Memory Mode

B 7. BEFEAFRT

PERERHED

ERADITREED, W7 BIOS FikRERE:

3.4.2

EDKIIl = Socket configuration = Uncore configuration = Uncore General Configuration = SNC (Sub Numa)
[EDKII -~ $HE1&EE > Uncore BLE - Uncore EMECE ~» SNC ( FNUMA) ]

EP COM3 - PuTTY - ] x

Unco en figuration

Legacy VGA Socket [0} Disable supports
Splitlock <Disable> l-cluster and 4-IMC
SNC Enable SNC4 way interleave.
Legacy VGA Stack [01 Enable SNC2 supports
PCIe Remote P2P Relaxed <Disable> 2-clusters SNC and
Ordering 2-way IMC interleave,
Uncore Debug Print Lewvel <All> Enable SNC4 supports
Stale AtoS <Auto> 4-cluster and 1-IMC
LLC dead line alloc <Enable> way interleave.
Cpportunistic-LLC-to-SF <Disable>

Migration

MBA BW Calibration <Linear BW shaping>

Profiles

MMCFG Base <RAuto>

MMCFG Size <huto>

021, Intel Cor

B 8. AIEEH R

. A{EREESRC ZRAE SRR (Intel® SYSCFG utility) R 1F/IRE S E T /RO RESRESHN BIOS B E,


https://www.intel.com/content/www/us/en/download/16684/save-and-restore-system-configuration-utility-syscfg.html

Linux R4 E

F4E
Linux ZARLE

4.1 = i & kN

N TEREENA{ENIRERBEREEANNSS:

o ZAREXHR, XMAHERATEERRN N HBMEX, AEXRESTEXEE. NETHASBRE
Rk, AERBERAE (HlN, FEXHRSAER ) AT REESTHR,

e BH“zone_reclaim_mode" [’ NUMA kR, iZIENIEEES NUMA TTRAUER/BIIER, (6120 “SNC4”
SEER ) . BRZERXN, Linux TESERSLEEKRN NUMA TR LEWBZANGE, RAEBNEf
NUMA T EIRERE. XMELTALERN NUMA XX, MmE R TR, BEBGENTES ST
REMEHER., EAUTH<SEIAE A 2zone_reclaim_mode" %I, HTFIZIRIEHTEERERENIT,
I NERMBREHARTEMNRE.

echo 2 > /proc/sys/vm/zone reclaim mode

o  HREHI, (WMRULFSTIRPEFNATEERNE ) BIEFEXHRAET, HERUTHSHER
F. HFXEHRSEE root R (BIRNIR ) , RAEERNERBHEHMNMGIERAEWHNETHAGIE T
(Job Prologue), ZHEEIES setuid fPRH — B SRz IR 4L,

sync; echo 3 > /proc/sys/vm/drop_ caches;
echo 1 > /proc/sys/vm/compact memory

o RBWBREMAT (THP), XAEHMFAHENAMEMER THP Kz, BARCE THP SXTIRAESE
FEHRTRAENETEAH, EEERTER EXNEBNEESXSTRMEANRT, DU XMAHE,

o BRMERM /dev/shm (tmpfs) REEXMY, RAZXHBIBEL>TANANE, BXRAAEERREER /dev/shm
ANEAWRIRTHAME TE, DURAME Z B4 B R,

o BIWWFASRNBREEMN Linux B (HFiA515),

4.2 Linux EFTH

421 numactl



Linux 24E &

113 114 115 116 117 118 119 120

7 18 19 20 2 42 27 126 127 128 129 130 131 132 133 134 135 136

94 95

5 106 107 108 110

B 9. numact!-H 5

Linux TE numactl EBAFEE RSN NUMA BEENRERE NUMA R ERITNE. BEEERSN NUMA BEEE
W, AIfEA numactl -H, TEIFIRA numactl -H BEIEER, £385R7T NUMA TaAE, CPU AZEBHESD
NUMA TTEHAERE, BEREMERTSIMNTTRS5EMTRZENEER, BEZERIER man numactl,

4.2.2 numastat

Linux TH numastat IffEX NUMA AEFEABRANSHEE. NTHh<SAEER (EZLHBEBERL man
numastat )
$ numastat -p python

Per-node process memory usage (in MBs)
PID

5132 (tuned)
68100 (python3)

&/ 10. numastat -p 74l

e UIEFRR, numastat-p <process_name FIIEMISFEH RN RN EFERBER.

e numastat-m TR RENMNRGNRNEZERBER.



Linux 24E &

$ numastat
node0 nodel

numa_hit 7038233469 7552949520
numa_miss 31491495 0

numa_foreign 0] 31491495
interleave_hit 254896206 254893381
Tocal_node 6905622525 7430407252
other_node 164102439 122542268

B 11. numastat -m F#

e numastat (FESH ) BF NUMA HaRFIXHER ( BEMZNASBRE ) . XX FIRFITESHERE
BINTRER NUMA TTRRX (numa_miss) REA. BFXLEBURMBNZNMARRE, BINERFZ
TAIE 2 3BT —IX numastat SRl E ZHIREFETEE K E NUMA KHIER,

423 turbostat

turbostat BIE{EA root ( HAENE A setuid WERA ZFHFISXHE ) HITHT A FIEE x86 2 IEZHINFE. MEIRE.
turbostat M FIRFI R FAEFRRIBMBREREE. Fla, TERERT ZAINGE. HEMNEE:

e turbostat -gS # average for both CPUs
e turbostat -gS --cpu package # separately for each CPU
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12. turbostat 7 #l

4.2.4 Iscpu

X—irfE Linux TERRTRASREREFE, S NUMA TR, R, 0. EHFA/NH CPU & (THEE ) .

4.2.5 dmidecode 5 Ishw
X Linux TR ( £EE root (NRAT ) AFENE RRAVEEHAH, S1E HBM #] DDR &R,
426  htop

htop@—FEMTF Linux topI TR, EESMAMEBARREDN CPU AZ/LERNERER, BEIFIRA NUMA
EAERM MPIELR, = OpenMP Li2fF. I5h, htop A RRAANAEFERBER.

4.2.7 Istopo

Istopo TERETF hwloc F, BEEBBEIIFEBEESS (A dnf install hwloc ) MBRIFENBEITEE, Istopo TH
( = Istopo-no-graphics ) A BRRFRRELIRINER,
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F58
RS SERE

AENRTSHREEANRFRRAEEL R,

5.1 “Y HBM" N TFHE

AN HBM"EXNTER HBM, TRIMIMIEERE, EET HBM REAIR, BEAARI—LERIMNRERRDA
FREARH. UTHREZN:

o ERELRAARBNMEABERNIFLERS (FiPHE ) MBMEFHIM, EMMETE (VNC) R
5585, ITENSUEBUHARSSF TR RE, DIRIMERED T IRENZR]

o ERFBRBERANMGEFRENMPIEAKX
o BXETHI, UMERBEXHRAEEHINENE (SLLEXFE41T)

5.1.1 NUMA T iz

13 AR AN HBM"#E R TR R AEIRE " Quadrant"f1“SNCAERXATH NUMA =Bt &, {FA“Quadrant”
BXESFE 2 MNNUMA TR (BB19MTR) ;) EASNCA'BRAESTE S MPNUMA TR (BB 440 1=R) ., 80
NUMA TR &R%5 HBM BfE,

...NodeO.  Nodel ..Neded4  ~ Nodeb

Cores, 10 & Cores, 10 &
Memory Memory
Controllers Controllers

ARVl AbBVl § Lml=1hi} ml=1d
“Node2  Node3 “Node 6  Node7
HBM-Only, Quad (2S) HBM-Only, SNC4 (2S)

B13. “IRHBM "85 THINUMA F e &

£ numact! -H B NUMA T REENE N NUMA TRENEAEHTRAREFERE.

5.2 “Flat"N1FHED

fE2H DDR R[5, WS 3.4.1 TIATR, £ BIOS iRBEHIEFR ILM ISR Flat" &=, BR2RXIOXHRIEFH RS
HBM BEBNARFEIIRIERFANMNART R, SIREEIMNVIRIELSBEA BEE HBM BENBIARTF,
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£ BIOS REHIEE LM [, RAFEANNE DDR WHRERAMNARRL, tE, HBM BAHIRCATARE,
DUDATEERIARF BRI I, ZENIRIHEREN THIERERAEEHETREPHEMMBEERN HBM REFEHER.
BF HBM ZRMEERLF RRE KT, BERATEN HBM RESRHETOEMIE,

M TREFlat"EX TRaEHE HBM o] RRIRIESE:

1. EBIOS KEAREEFILM (SRFE 3417 ) HBHWRERS. RAERBME, BIARFHH{NE DDR T,
BI{EA ‘numact! -H' MR R L RE R,

2. FTEPTLinux8:

dnf install daxctl ndctl

3. SRR SARMIT TS daxctl @9 (“Quadrant” B REFIMIMMS, “SNCA"BXNERZHABEDGS ). AT
BXLEHSIE root BUR,

## Base commands for both Quadrant andSNC4 cluster modes
#4
daxctl reconfigure-device -m system-ram dax0.0

daxctl reconfigure-device -m system-ram daxl.O

## For SNC4 cluster mode, wuse the following additional
commands: ##

daxctl reconfigure-device -m system-ram dax2.0

daxctl reconfigure-device -m system-ram dax3.0

daxctl reconfigure-device -m system-ram dax4.0

daxctl reconfigure-device -m system-ram dax5.0

daxctl reconfigure-device -m system-ram dax6.0

daxctl reconfigure-device -m system-ram dax7.0

BREHMARR, BREHNTFE 3L, AL, K ERGISENHEK, ERERABHIBINNT, SEHEF,

fER numactl -HBIEHBM TR2E AR, MERENMNHBMBERETH.



NEEREERE
5.2.1 “Flat"f&I% NUMA ¥ s#ias

14 B A Flat" B THIE R A EIRE“Quadrant"F1“SNCA "EI AT NUMA T R B E 1B,

o {FA“Quadrant"EBIXETTE 4 I NUMA T (2 MNEERZM DDR FAHl 2 MNREZERZN HBM 15
=),

o fFR“SNCA"ERXEFE 16 > NUMA T35 ( 8 MNEEMNIZM DDR T 21 8 NMREENZMWHBM 5= )

Node 2 Node 3

DDR DDR

D)D)

DDR Cores, |10 & DDR Cores, 10 & DDR
Memory Memory

DDR Controllers DDR Controllers DDR

DDR DDR DDR DDR

BT o G ED

Node 8 = Node9 .Node 12 Node13
i

Node2 - - ."Node 7

Node10” Nodeii  Flat, SNC4 (2S) “Node1d "Node1is
B 14. ‘Flat "Bzt TAINUMA TR E

£/ numactl -H BIE NUMA TREEMEN NUMA TREEAFEXTRRESE.

5.3 “RF RFERI

EREF RATTEIINTEE. EBRT HBM EF2EEMRGENATFMNET, FIEZERER fake-NUMA
HITRERERS, UERMRKRG PR FHNZME,

5.3.1 E'EBEF"AFENTER fake-NUMA
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A Linux WIZBEIA (numa=fake) BRIZINEE, FRAFMIBEANESLAZ N fake” (B ) NUMA T8, RaIEHR,
BEEH fake-NUMA, —MIENUMA TR (BI—ME—HMERFEXE ) ATAEZ N NUMA 15 R Rz A
G

I 128 GB DDR WFEE"EF"EN TH 64 GB HBM A4, TE (ZM ) 2R7 128 GB DDR Mt FE RN E
FTUREtE HBM WHERNIE, ST 64 GB HBM £ =4 MR, #AiER, EHN HBM EEFEHEMEN,
AN EE TR RE— T NEETEEY.

15 (A ) ERTEIEHEA fake-NUMA T mBIBR, MENATTLUEER fake-NUMA T8 (BIT= 0), Wd
PRIEASTE HBM EEHBENEMPRKRGFRIER,

} Offset X _ | Offsetx
Physical Physical Node 1
Offset X I e Address Offset X I » Address
— 64G-128G — 64G-128G
R i <
| Offset X | | offsetx
Physical Physical
Address Address = Node 0
HBM 0-64G HBM 0-64G
Cache (64GB) Cache (64GB)
Physical Physical
Address Space Address Space
(128GB) (128GB)

B 15, fake-NUMA T 26

Ef % 128 GBDDR HEZ LBIEM fake-NUMA T2 ( BT RBEN 64 GB ), AIMERAAZEBEII numa=fake=2U,
X, SMIENUMA TTEMBIZT B fake-NUMA T,

MER%H fake-NUMA, BEMEMRFSRENTF HBM NBE, HUESEAYIENEERLSH HBM EEH=4% h
RAMPRNER. B fake-NUMA |5, Linux RIZERZIAFETR fake-NUMA TiZ, BE2E, REFEBLE NUMA
Tm 0 LDER, ABTE fake-NUMA T 1 LB, fRIbEH, XEMATRRIEE fake-NUMA TR FE HBM £
ERHTHRNAKITENR, FILFEXLENAESESNEEMNEEIENE,

E1%1% fake-NUMA BEiBEIA%ZE, EA numactl -HBRIEF P EIREAE, W fake-NUMA T EAAR, $
WME A RAZEC B ETT'CONFIG_NUMA_EMU=y'SRMERZ,



NEEEES
E'Quadrant"&EBEH T, — fake-NUMA TR K/INR£IAH 64 GB; ESNCA'EH T, NNE16GBER,

BFR—YE NUMA T SR A fake-NUMA TR HEMERER CPU A%, AL, fake-NUMA RN B ts
<, AE NUMA BEHESLIR DDR B8 E85 HBM R B ER LRGN,

BBFUEINER fake-NUMA REZHRERMR, FEH fake-NUMA TTEERTE— fake-NUMA T SUIEHITH T RIER R
B’1E,

HTF fake-NUMA SINTHREE/NIHTR, BlH—1 fake-NUMA TIRIE#HR, BX fake-NUMA BH
zone_reclaim AJBES £ BINENEWGEDN, NS EIEEE/MERED,

FrEfRE NUMA T EEAI{E fake-NUMA T EFA, H2, ‘numactl -m 2 Ja.out T BEI{ER fake-NUMA T35
2HMNENNA, SHEM, numastat EER fake-NUMA T SHIEE,

5.3.2 TIERENSE ( TTEENL )

Linux et T —FhEEA S EC I ERIINEE, AEM fake-NUMA BY, TIEFEN S ECINRERTRERENTF ( Hlan, 7EF/EEIRY
AANMEEETREK—BREENALKZE ) REE—RNMEER. AIADEENHETH, NEIWEN DB
BAFPREEL, SXNABRMR, HBMEZFPHEERRNITEHSHNE,

IWINBERTTE Linux Wz v5.4 HEFHWRATBEIERARNZBNI page_alloc.shuffle=sy BR. F{ERXH
/sys/module/page_alloc/parameters/shuffle GBI INEE R B FTE,
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5.3.3 “EEREER NUMA 15 s

Cores, 10 & - ' - Cores, 10 &
Memory Memory
Controllers DD " DDR Controllers

| HeM | HBM . HBM | HBM
Cache, Quad (25)
Node 0 Node1 Node 4 Node 5

Node Noded”  Noded Noded”
Cache, SNC4 (2S)
E16. "B BT THINUMA 5L E
16 FIRAEFEER TR RAEIRE Quadrant"FI“SNCAEX AT NUMA TmEe&E. “Quadrant" BS54
EDP2MNUMATR (BB 11718 ), “SNCABRAESFTEEZDL S P NUMA Tm (BB 410MT8) . BMNNUMAT

RIYBEARERRE.

£ numact! -H BIE NUMA TTREEEMEN NUMA IR BRESTRRERE,
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BO6E
{EH RN EFEERET

AENRLIRAFNAERRFEAMERFR,

6.1 “Y HBM"NTFHE

fERX HBM"EXN TR ENRABHA M TIEE BERANYARMEHER HBM RF, XEM—TRAREDR, BEE,
NAEEERATANAT, THRFEAIRNT MNP —LELR, XLEPRIEF 51 DRUNFERRRESEN
%0

e 7£ OpenMP &5 MP| SR 2 AEFEE, BHTF OpenMP ZiEHLERNTE, ALLZFER OpenMP Z£i2d
UL AEESAEE

o UWRNAXEEE HBMBE, BEEHIFE OpenMP HEA/NI MPIBEEHMX K/
o BRETH, BREBRE4ITHARABRXEZRAEEHNERNE

o HHMFEM /dev/shm (tmpfs) REMXHE, FARXEMRELAIANAE. MRAFRNIEWSE™~% T X4,
EEERR /dev/shm BRI

o MBRIRA NUMA XH (BEAETEFAIEIETT numastat SRSEI )
o WEAFTLERSRENAMIEER HBMBE, AIMEET RIEZTR

6.2 “Flat"R{FIED

WERFR, “Flat"fEzVAE{E DDR 1 HBM {E93HIIAOMBIEZSIE] ( NUMA T8 ) STAPT R, B 17 FiRASNCA SER
B TEA Flat' AFEEXN RS numact! -HHEIHE R,
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B 17. numact!-H 7 H#l

2 ‘numactl -H BIHZARATR, RABBRBENTHEMTIR:

e EECPUKMIDDRTE (T9m0-7)
o REEFEMCPURNHBM TR (TR 8-15)

NAE CPU AZ LB, RENMRSLEMBENRIEN NUMA TTAFER, INRER"REANELE. Flm, £L
Bd, WFPR0OHRNCPUMS, RIEMNAE (EEHF10) ETHR0, 2EZEITHROKNDDR, BFERATEREMNNK
7, APEZEEH libnuma MINEE, libnuma INEEMENE DA TS R IKE:

e numactl TH
o HFF/ROMPIFE
e OpenMPJE



AFRAREERE

e libnumaAPI
e memkind £

FERRMRMAETEENNA (I2FRB. BSEE. . %) MEE HBM F, EREBEMAENEDNSSE (i
2E ) HEIREHWMEE HBM

6.2.1 {EH numactl HITEMNN AR HBM 15
FRER Linux TE numact! i B FEREFENRERN NUMA T8, EFHTXENBEESSOERTHER:

¢ membind (humactl --membind hbm_nodel, hbm_node2, ...../a.out): REIMIEET SO BN AFRENRE
RE, NMRNABHIEETANEE, MA¥ELL, Fit, APXIRIENBAFASBHITAN HBM & (1%
BRETENMNTFRAHBMEE ),

e preferred (numactl --preferred hbm_node ./a.out): ERAEANEENEETAFBRAERNT, BEITS
BH, —MNRIERE, BESBRRRIIATR, BERIATRBZA Flat"WFERTH DDR TR, BEE,
REEIEE—1NEETI R, BT Linux fEH first-touch REE, BALtNBARESEMAE (HI20, #EKE ) 5m,
ESENREREET =P, BFIkiE, E Quadrant"EBHER THMIERE %KL, BPALER MPI ES1iE

SETE mpiexec S HHNAREKN MPI SRISEARK HBM Tm:
mpiexec -n 1 numactl ---preferred hbm nodel ./a.out : -n 1 numactl --

preferred hbm node2 ./a.out

e preferred-many (numactl --preferred-many hbom_nodel, hbm_node2,...../a.out): FEUTF --preferred I,
EBEAFEZ N ERET SR, B, X—EITF SNCA MSREASZTFNER. B2, SAXMRIEEE LinuxA
# 5.15 BL_EF] numactl 2.0.15 BLERRA,

e interleaved (numactl --interleave hbm_node,DDR_node): RAIFEMEEFHDS NUMA T EZERXXEER

AF, EAFSAZEAYE HBM RENMERFAEM. WREKIIE DDR ] HBM ZE#TRXFE,
A DATEAR & K B8 2 DDR HERIME,

REFNALBEEENMER HBM FENBERTER membind RIBEENMNNAKEE HBM f, NMRENARELR
HBMBE, NNEET REEZT R, ZEHEMA preferred 2 interleaved &,

6.2.1.1 {FH SNC4 FERIEENED

E"SNCA"EX TEH numactl ZFZ NUMA T REEN, G/LaSERNNEE, BREURTFFERNE membind &
2 preferred RE&:


https://man7.org/linux/man-pages/man3/numa.3.html
http://memkind.github.io/memkind/
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e membind: fE'SNC4"EXTIEIT MPI AR, APRIBUEAE HBM T RIEEN numactl FSE ( Hldn,
mpiexec -np 8 numactl-m 4-7 ./a.out ) , T HBM AEEIRIEENER (H1E ) N&RENTRABRSE.

e preferred T interleaved: E“Flat"f&xX M SNC4 B, MRZNIE=A LEITIEHN preferred =
interleaved RN AN —EBDHE HBM &, FXFER MPI W S1E85%, FEA preferred SREERFEZ 19
NUMA F 55 ( BR3E -- preferred-many RTF ) , T interleaved SREEFEEIAER A HBM F1 DDR T 23R 52 M.
B, EEXASNCA'NEERNNEKR AL LIS preferred AR, BT 56 D MPI SRWERT, HEIIAT

DAERAMNTaR<S:
mpirun -n 14 numactl -N 0 -p 4 ./a.out : -n 14 numactl -N 1 -p 5 ./a.out : -n 14
numactl -N 2 -p 6 ./a.out : -n 14 numactl -N 3 -p 7 ./a.out

5E N, BEER—FZSA LIS interleaved Mg, HATRIUERAMNTHS

mpirun -n 14 numactl -N 0 -i 0,4 ./a.out : -n 14 numactl -N 1 -1 1,5 ./a.out :
-n 14 numactl -N 2 -i 2,6 ./a.out : -n 14 numactl -N 3 -i 3,7 ./a.out
6.2.2 (ERAEERCMPIHITENMNANHBM S

SF MPI AR, FELE I_MPI_HBW_POLICY ( M2 numactl ) BT 3T MPI &5 8 HBM, BXILFIE
TEMNEZEE, BERI_MPI_HBW_POLICY &£,

mpirun -genv I MPI HBW POLICY hbw bind -n 2 ./a.out
mpirun —genv I MPI HBW POLICY hbw preferred -n 2 ./a.out
mpirun -genv I MPI HBW POLICY hbw_ interleave -n 2 ./a.out

I_MPI_HBW_POLICY IHFETEHESZSH MPI KESENEF (HlI MPI AKX ) WA EREE. Fla, UTHSEHT
R MPI EEDBECRERER T hbw_bind 2RHE&.

mpirun -genv I MPI HBW POLICY hbw bind,hbw bind -n 2 ./a.out

6.2.3 (“Flat"f&\ T ) HBM #UEEHNTR

ETMERANEE, ATURBUTARENSOSENEIBEHENERE HBM b, RELHHAPEEMNERFFHELEE
F numactl 3 MPI IRE T 2NN AR HBM Y ( 520, HNABE HBM SR ER ) , ArERXLESE.
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ERARLESERRENRAB. ABMTOMIBIRES ( B LARNEIREN ) A TIRERE HBM ., . &
BB REER XL AT HBM H,

6.2.3.1 A OpenMP #1T HBM i 5

OpenMP EFEF/RENZFHEFIRSE (EMRENRK ) F1 2021.3 K EARAKKIZEIFR® oneAP| fRiFSmHIIEIRM, 4
1%88H OpenMP FRIFIERAMIBESIRKITMZIERN libnuma AR memkind FE,

GCC N HEBRASHEM T I OpenMP INEE,

C/C++

#include <omp.h>
float *x = (float *)omp aligned alloc (64, N*sizeof (float), omp high bw mem alloc);

omp free(x, omp high bw mem alloc);

EIRB " membind"{TA, BEIGELREIFIZREN null_fb or abort_fb

omp alloctrait t traits[2] = { {omp atk alignment, 64}, {omp atk fallback,
omp atv null fb} };

omp allocator handle t my high bw mem alloc = omp init allocator (omp high bw mem space,
2, traits):;

float *x = (float *)omp alloc(N*sizeof (float), my high bw mem alloc);
omp free(x, my high bw mem alloc);

omp destroy allocator(my high bw mem alloc);



http://memkind.github.io/memkind/

AFRAREERE

FORTRAN

real, allocatable ::x(:)
!dir$ omp allocate(x) allocator (omp high bw mem alloc) align (64)

allocate (X (N))

6.2.3.2 £ memkind FEHI hbwmalloc #1T HBM i &

&0 DAE A memkind FEIR A hbwmalloc AP| £ HBM R BRI,

5 Imemkind &

#include <hbwmalloc.h>
float* x = (float *)hbwmalloc (N * sizeof (float));

hbw_ free (x);

EH hbw_posix_mem_align,

#include <hbwmalloc.h>
float* x; hbw posix memalign ((void**) &x, 64, N * sizeof (float));

hbw free (x);

K73 E=%,

#include <hbw allocator.h>

std: :vector<float, hbw::allocator<float>> x;

B FORTRAN =#l:


http://memkind.github.io/memkind/
http://memkind.github.io/memkind/man_pages/hbwmalloc.html
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!dir$ attributes memkind:hbw :: x
real, allocatable :: x(:)

allocate (X (N))

real, allocatable :: x(:)
!dir$ memkind : hbw, align:64

allocate (x(N))

6.3 “EENEER

EREFE BEATRENRABHGBSTIEE, BT HBM EEFEXNREER, FEItNAREEE DDRRESE. XH—
R, APRE DURER{RESE DDR RiR&E — B TR,

B, ERESEFNELE, AFEENE: HBM 27 % DDR WERF, HEAL HBM EE2HEMSIN. B, NAE
HBM EFHARERBEIHRRGFHER, HF1 DDR it BEIE HBM BEFHE—UE (£ ) B REHPRKaGH
Bin. BF HBM BEZMENAFNET, RitALERBEREEFER— L, ISSBMELINEFRPER
(BEEFEPHAIABNERT ) . EEAPIBNRENEHFEENFEE.

BF HBM BENEE 64 GB, BILEBERT, ANSRESENNANZTSSREMPRAGP, BXLFL, B
TPEREERRERNES, BRAENL, BERRTUNYBERISEERNEAVES EYBIERE. iR, Y32
AFATBEMBIE 0 FIRELNE. FMENDENRBIRMFISBESENANTFREL., ZMERERAREERR
ft'., HYIERFEMER LR, ENASANAERE/NT HBM NEEX/), NAMAESHMAFRIEE
HBM EZMRETEFHREPRIER ( BIIERGEHEFPERNME ) .

WM 5.3.1HAR, WFREFELSHENT 64 GBHNEA, HENTLUEREA fake-NUMA B Linux IZINEER & & F
YIBNERR M E X R MER RS, BEER fake-NUMA, AR LUEIIE RfEHBEZS BRI 9 8 JLANESK
64 GB Xif ( fake-NUMA T1/ ) , FRAIFLEEM 64 GB NUMA TNt RS R E MR ( BIEN SRS 2
HBM EEFHFHERERNME ), AL, MENATNEED fake-NUMA TTERIEIT, T USSR HIhsRKmPIER,

MEBERABET fake-NUMA, WNFREFEHAZSENEE HBM A/NNRENRN, AEEIHMIMEEGE RSB G & ek
whER, MEABMINSBEM fake-NUMA TR 0 AN E AT, REBHEIEM fake-NUMA T R#THE. 7,
B PR LUMER numact! ¥ B EET fake-NUMA Timd, a0, ENASSE%IE 64 GB REXMEAZIE
BRT, BNAMEE fake-NUMA T 1 ( MIET R 0) PO MBRMIZESE8E, X2H T fake-NUMA Tis2 0 BRI A
AEEBEER/NFEM fake-NUMA TR, BARERASNBENE - fake-NUMA TTEWB—-LRNE, FH
numactl -H A LLEERA fake-NUMA T35,

SNC4 1BINT fake-NUMA T E, ERAPLTETIINREUEETEEER fake-NUMA, ERNEIARIRIEREBIRR
&t HBM BENN ARTRER BN A KE PR,

MENAMAGHAEFEEE HBM B2 KX/, fake-NUMA SBRGEIRIFFM fake-NUMA TR D EBEAF. XSESERTT
AE T,




R ERRNIFTAHEN TR

EB78
L FAELE

REN BRI A EFFR® E38® CPU Max RINEEERAEENKAMITE,

7.1 MEIFR
HHFR® oneAPI TEEM, WMEK/R® oneAPI £2MITEEH (EREM ) MEK/R® oneAPIHPC TAEMH (HPC E
), RMEFBR. D3R (WHEF/R® VTune™, FHF/R® Advisor ) MIE[INZRFF/Re BEZOEBE ( Intel® Math
Kernel Library, F4F/ROMKL ) . REFReMPI FE], TIFEEF/RO E538© CPU Max &5,

7.2 =PRI
MRS DENE, BFRIRANMESEAE. SINERASNEET A EHTIEERE, 1o, X
MRS N BT R TR B RS A ST & R FEREEE,

B NE[ZE4F/R® Memory Latency Checker ( E4§/Re® MLC ) ]l STREAM I 2AERSIERE ( wRMANE ) ,
HPL A it B 1%EE (GFLOPS), HPCG WHEFRERAIEU,

7.2.1 F4F/R® Memory Latency Checker ( Z4§/R@ MLC )
HEROMLC REMNZFAFANENRANRENHENELR, MKAARN T FERNTHS:
IEEHEE: mic --peak_injection_bandwidth -Z -X -t60

HRAEEMAPE: mic

7.2.2 STREAM

STREAM EEMITRMHNZ RN TR EREHIFE (2 Copy. Scale. Add. Triad ) KHEMELER.

AT ERK/RO Z38® CPU Max RFIIEER ESCIH &AL, EERAMT <178 AIRHFER:

icc -O3 -xCORE-AVX512 -qopt-zmm-usage=high -mcmodel=large -qopenmp -qopt-

streaming-stores=always -fno-builtin -qopt-prefetch-distance=128,16 -
DSTREAM_ARRAY_SIZE=500000000 -DNTIMES=500 stream.c -o stream

fEF DA T ap <2 MU1T 4 Al RO Z I 324

KMP_HW_SUBSET=1t KMP_AFFINITY=balanced,granularity=core,verbose ./stream

7.2.3 HPL

/R LINPACK* 23 R RRESAMNT BATT B 14EEE LINPACK (HPL) RMEAI#FE 0 EAl, S5TEHF/R® one APl BIFZILE
HE (oneMKL) AHERRA[FIEAHTRRO oneAP| EMiTEEHN ( EfiEH ) W—EBHR]1—RRM, HHERE, Nid

SME D BFIKRBEIEERENEA B LS REMRERRE, RZIEERAEE (GFLOPS), HX&RMEMRMEHTT
RIS,



https://www.intel.cn/content/www/cn/zh/developer/tools/oneapi/toolkits.html#gs.30vfys
https://www.intel.com/content/www/us/en/developer/articles/tool/intelr-memory-latency-checker.html
https://www.cs.virginia.edu/stream/
https://www.intel.com/content/www/us/en/developer/tools/oneapi/onemkl-download.html
https://www.intel.cn/content/www/cn/zh/developer/tools/oneapi/onemkl-download.htmlhttps:/www.intel.com/content/www/us/en/develop/documentation/onemkl-linux-developer-guide/top/intel-oneapi-math-kernel-library-benchmarks/intel-distribution-for-linpack-benchmark-1/overview-intel-distribution-for-linpack-benchmark.html

R ERRNIFTAHEN TR

ZEEMRAMERTRAS TR BT, BXRWASTZEENTNIRAED EEsEERE, Fl, BERANE
RAMBTI A LMY HBM ERXFSNCA"EEHERIETT, AEHR runme_intel64_dynamic XtFHIMTEX:

export MPI PROC NUM=2
export MPI_PER NODE=2
export NUMA PER MPI=4

./runme_intel64 dynamic -p 2 -g 1 -b 384 -n 120000

E: XA fake-NUMA BEF"RAFERT, NUMA_PER_MPI ETFREAS LR fake-NUMA T3 R ¥,

7.2.4 HPCG
EEZFF/R© CPU ALK HPCG EXEMNT (TRACAMFAIRK Z#FIS M ) TS RIHIERF/R® oneAPI B0
BREE (RO oneMKL ) AHFERA[FENREEFR® oneAPI Efi TEEN (EMEH ) W—BHI—ETH, H
PMBEREARIERE.,

ENERBEE, BEAUTWLT:

# source C/C++ compiler, MPI compiler, and MKL library
#

export MKLROOT=/path/to/mkl
export LDiLIBRARYiPATH=$ {MKLROOT}/1lib/intel64:$ {LD LIBRARY PATH}

# build binary for Intel AVX-512 -- bin/xhpcg skx will be created
#

./configure IMPI IOMP SKX
make -j4 MKLROOT=${MKLROOT} MKL INCLUDE=${MKLROOT}/include

Z R HBM"AFENF“SNCASERHENTE R A RA/R® E3R® CPU Max RFIRLERE ( 51 LHERE 56 THRX)
BB ARSA BT, BAIMNERMNTHST:


https://www.intel.cn/content/www/cn/zh/developer/tools/oneapi/onemkl-download.html
https://www.intel.com/content/www/us/en/develop/documentation/onemkl-linux-developer-guide/top/intel-oneapi-math-kernel-library-benchmarks/intel-opt-high-perf-conjugate-gradient-benchmark/overview-of-the-intel-optimized-hpcg.html

R ERRNIFTAHEN TR

# Note: Select the best MPI x OMP decomposition for your case
# Following assumes SNC4 (8 NUMA nodes on 253),

# and 14 cores (28 threads) on a NUMA node

#

export MKL NUM THREADS=28
export OMP NUM THREADS=28

nprocs_per node=8
nnodes=1
nprocs=$ ( (nnodes*nprocs_per node))

problem size=168 # options: 168, 192, 256
run_time in seconds=100 # 100 used as smoke test.
# 1800 is min for official HPCG submission

export I MPI SHM=spr-hbm

export I MPI FABRICS=shm:ofi

export I MPI PIN DOMAIN=numa

export I MPI DEBUG=10 # print out mpi configuration mapping data

# for 1 hyper-thread, use 'compact,1l,0' instead of 'compact'
#
export KMP AFFINITY=granularity=fine, compact

echo " === nnodes: ${nnodes}"

echo " === ppn: ${nprocs_per node}"
echo " === nprocs: ${nprocs}"

echo " === n omp per proc: ${MKL NUM THREADS}"
echo " === prob _size: ${problem size}"

echo " === run_time: S${run time in seconds}"

# run bin/xhpcg skx binary (either prebuilt or built by user)

#

mpiexec.hydra -genvall -n ${nprocs} -ppn ${nprocs_per node} bin/xhpcg skx -
n$problem size -tSrun time in seconds

7.3 RARR N AR AFER B R

ATREEIFMRE, NABEEEEER HBM BE. Alt, TRNANITFEAHNRESABERIEEEE. UTIAA
RAFIE:

« top#lhtop (RERSHEE—AEHEBNER/TRRRERBR )

¢ nNumastat-m (EHENUMATEEE—AENENEREEBER)

« numastat -p <binary_name> ({2t ERREATRIENRFHEEBR )

« /usr/bin/time -v <app_cmd_line> (12#tXFRANSHALTTIE, BREEAZRAGE), X
5bash B time' <R, BELAITIEERE,

NMRNASANRENNEETANHBM BE, AIMERT REIES T RNEREE EN,



R ERRNIFTAHEN TR

7.4 HEAFHECNA

BT EK/RC E38© CPU Max RIIGERREMNWAFH RS FRIAIR/Re Z8C L2E, RLEEMNRLERS LSRE
HEEREIRIN A ( BT ) EERF/Re ER® CPU Max RFIER L ATEET BRI XMIER.

T % R F O SE R s B I RN 7 05 E RE A ER/R® VTune™ Profiler MAEILEIDTINEE. MBS ERNAKNLEE
MERRBIRRTDFAREHEE, WAIEERRANTEDH N REEEHRTRL:

MEHE: NRABHHERERRUTERBHNARFHEE, TUZRMCHE (MEHE ), ABIXEN
RIFSUHEELE, ER/RC Advisor TR TFIRFIREMNSHIERRELRE.

MURZRE: MBFIRRFTESKAGD L3 EENAERRE, BHRZDFIA HBM HE, NHETESZEINEFENE
FRE, PRERECTENES AN MEMAMNIBIEES (iEEGE. WE. 28 ) TESERERENE, TUEEHTIE
HRERERRETE, ERR® oneAP| fRiFSHEMMIFEIATE (U -qopt-prefetch ) #ZIFEAFEUESFMAIERNK
BBAERARNNBEARE ( CIBS TR _mm_prefetch 1 FORTRAN ) mm_prefetch )

BRER/RC £330 LIERFMHEK/R© E38° CPU Max RICIERWBARZEMAALFE, BREETRREFRAZFMH.

KU RULSEFREAR GitHub,



https://www.intel.com/content/www/us/en/develop/documentation/vtune-help/top/analyze-performance/microarchitecture-analysis-group/memory-access-analysis/memory-usage-view.html
https://www.intel.com/content/www/us/en/develop/documentation/cpp-compiler-developer-guide-and-reference/top/compiler-reference/compiler-options/advanced-optimization-options/qopt-prefetch-qopt-prefetch.html
https://www.intel.com/content/www/us/en/develop/documentation/cpp-compiler-developer-guide-and-reference/top/compiler-reference/pragmas/intel-specific-pragma-reference/prefetch-noprefetch.html
https://www.intel.com/content/www/us/en/docs/intrinsics-guide/index.html#text%3Dprefetch
https://www.intel.com/content/www/us/en/develop/documentation/fortran-compiler-oneapi-dev-guide-and-reference/top/language-reference/a-to-z-reference/m-to-n/mm-prefetch.html
https://www.intel.com/content/www/us/en/developer/articles/technical/intel-sdm.html
https://www.intel.com/content/www/us/en/developer/articles/technical/intel-sdm.html
https://www.intel.com/content/www/us/en/developer/articles/technical/intel-sdm.html
https://github.com/intel/optimization-manual
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