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StEER C++ T

1 #include <vector>

2

3 int mainQ)

4

5 size_ t N{...};

6 float A{2.0%};

7

8

9 std: :vector<float> X(N);

10 std: :vector<float> Y(N);

11 std: :vector<float> Z(N);

12

13 (int 1 = 0; 1 < Nj; i++)
14 {

15 /7 X, Y, Z D—Um5EDE
16

17 }

18

19 (int 1 = 0; 1 < Nj; i++)
20 {
21 Z[i] += A * X[i] + Y[i];
22 }
23
24 %}

#include <CL/sycl.
int mainQ)

size_t N{...};
float A{2.0%};

sycl::queue Q;

auto X = sycl:
auto Y = sycl:
auto Z = sycl:

(int 1 = 0;

hpp>

:malloc_shared<float>(N, Q);
:malloc_shared<float>(N, Q);
:malloc_shared<float>(N, Q);

I < N; i++)

/7 X, Y. Z D—05=EHL

}

Q.parallel_for(sycl::range<1>{N}, [=](sycl::id<l> 1)

Z[i] += A * X[i] + Y[il;

»:
Q.wait(Q);
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1 #include <iostream> #include <iostream>

2 #include <vector> #include <oneapi/dpl/algorithm>

3 #include <algorithm> #include <oneapi/dpl/execution>

4 #include <oneapi/dpl/iterator>

5

6 int mainQ) int mainQ)

7 {

8 std: :vector<int> data{2, 2, 4, 1, 1}; std: :vector<int> data{2, 2, 4, 1, 1};

9

10 auto maxloc = max_element( auto maxloc = oneapi::dpl::max_element(

11 oneapi::dpl::execution: :dpcpp_default,
12 data.cbegin(), data.cbegin(),

13 data.cend()); data.cend());

14

15 std::cout << "Maximum at element " std::cout << "Maximum at element "

16 << distance(data.chegin(), << oneapi::dpl::distance(data.cbegin(),
17 maxloc) maxloc)

18 << std::endl; << std::endl;

19 3 b

ZD 2 DOO—RHPUTULET,

o 1T 2-4: MEIF oneDPL AYY—%1)L—RLET,
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SNET, THUE, oneAPI BINTOVZFR-7IOEIL—YavVICEERNTERELOBV 7 TO—F&RIHTS
ELVDRDFEREZFITBHHDOTI, SYCL* T7OTZAlF, SYCL OV/IAZ—SUFALDRHNIFED
VRATLTHEELFT (B 2).
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BEFYTL—Z4T7Z5U— (STL) OLROIBEREEDMRICEBEEZFEOINETTY, CNBIFIITFERT,
EARICLOTHRBELINTLVET,

STL & CPU I35 —TvICLTLWBOTHNIFRBE TI N, I/Ea—FTVIDHERIIATOI ZT7XTT,
CPU 213 T, ZN N ODIEBRBEHMHETT, NVIDIA* Thrust 5175 —& oneAPl = —# il C++
Z47ZU— (oneDPL) & CPU PAAMZHIIISLTWVWET, D 2 DELERLTHELLD, EEH AT
V—R-7OIxoRY TIH, Thrust OF /AR R—kETOFSATYI—1RY TRDx7 - AV R—R
[CHKFELTULWET (CUB*CUDA* ZBLTODFH GPU ZHR—KLTWETD ), DED, RS —KEFETT,
—75, oneDPL [& SYCL* ZXR—XICLTHED, BHORIT—DT701w5 L —5—%HR—rdBLDICEKETIN
TLET,’

"oneDPL UMY kU— : https://github.com/oneapi-src/oneDPL (ZZE)

> Thrust URY kU — : https://github.com/NVIDIA/thrust (£38)
3TSYCL* DG 2 1SO C++ MAFOYZFR - AVEA—F AV I+ D THRLVIEA)
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Thrust MRV —ITHKZELEL oneDPL ND#1T%IRET T DDIFHAREEZFT, ZITlE, 2 DOEEGH]
EERALT, VoI EFERTZ7 O0—FEFETI—TVILET 7 7O0—F 0 2 DORMTHIREITERRIC
DULWTRETULEEY, CUDA* # SYCL* IC#179 D SYCLomatic W—)LICDUL\TIE, ESAT TICTEMNDID
LNEBA V—ILEERLEBITICIEIRENSDD, FICTFY L —Mesnied—R7TlE, BT LHHEEERTIX
17, EHSNBD3I—RFOREDRTFHEICIFBERNDOET, FIXIEX, SLAYEKCEENAEHEROIDGHLL
C++ OEEEERB AT BIZE, FREICLDBEPI—ROBRIANBENEICRDET, BITEOI—RIZ,
ATV RI VT —RICER LI &FD C++ [TADRBDICHENET, Thrust [FEIEHNS 10 ENEST
BD, ZB3F30—RETZVIIL—RIBEFHEERFT, LW<ONOI—RHERTHELLD,

SADOBE, =TV ZFROVWDONDEEA Y TL —AEB|LET, BRI BEFTRAITEELTT,
COBEHIF, BZERINTBAN—LE, AT VY —T VA& NT AR —LD 2 DOANARY—L%
ZITEDRT, |RADY—TVAOREIF, 2 EBEOANY =TV ADAT VYV IVENFEDSRHAE (3—RHG
TIFIFEODTLT1T—b) mmlcdizalc&iR (D—RFITIINSRIEE) cNEd,

// Thrust J—Ff#l (A=Y 0)

thrust: :transform_if(dev_inp,
dev_inp + 10,
dev_stencil,
dev_inp,
thrust::negate<int>(),
thrust::identity<int>());

oneDPL [F1Z8% C++ 7Z)LTUXLAERFEICEELTULVET, STL FXATVIILOA—/\—O—RAEYHR—~LT
LWL 2D, oneDPL HEIRICHR—FLTWEBA. CO/INI—VIZBINFETRITRIDINENH D6,
SYCLomatic &, ROVF1VEEELTRBREZIRIHELTULET,

// #Bi7EOI—-F (R7—Y 1)
dpct::transform_if(oneapi::dpl::execution::make_device_policy(syclQueue),

dev_inp,

dev_inp + 10,

dev_stencil,

dev_inp,

std::negate<int>(),

dpl::identity<int>()); // identity I& C++20 DAL

SLTBHENRAEIL-T70 09— LTERL, B% G+ J—FZFERTEIET, SHICHETEXRT,
COETIE, AT VNIV ZAN—BGANY =T VRAEIFRGDETUIRENET, TLT10—F
OFMIFNAT L T 7V O5—DORETTOIN, 175 )—OREICRSNBZEFHOEEA.

// FERER (RT—Y 2)
dpl::transform(dpl::execution: :dpcpp_default,
dev_inp,
dev_inp + 10,
dev_stencil,
dev_inp,
[&](const auto& input, const auto& mask)

return mask ? std::negate<>()(input) : input;

»:;

“SYCLomatic UMY/ kU — : https://github.com/oneapi-src/SYClLomatic (#58), CDBETEN LR SYCLomatic DFlI,
i}g%;&g&gtLE%@T%%C&IC?IEL‘C(T&'&'L\u 12 F)L° DPC++ BERMEY—ILBENRETIE, EROFERIZIRLGIBE
A °
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NT, SYCL* TI\A RS =T YRICTBEDICRBIGHAILAETRNIY —%FRNT, STL OEDH %
FRLT/\Y—ERIBTETELRR, TNIE, Thrust & oneDPL 2#XBIdBEEH SR TI, Thrust [CI&E,
ANATL—=5—DTILTUXLOETIBAEEET DT A RE—RNHDET, NIk, ET/\5AX=5—
NATFL —=5—Tl375<, EIRIY—=ICLKOTEEIND ISO C++ EIFEMGFNFET, oneDPL [FIEHE C++
PILVTUZXLERZFISEEL, NAYLARUY—ZRMHLET, ENEFo>C. 7ILTIUXLDETIEFEZES
TEFET, BELE, 774 ED SYCL* T/ A REF =T VRETIEREBHNRNIY—BHEBESINTULET,
EBEbMRUY—%, EEEORT—Y 1 BLORT—Y 2 OV TILI—RTERSNTLET,

ROETHITIE, BIDKLHB/I\I—THB/—FICDWTRTHELLD, Thrust /\—3V[FF—CV—kL
F9, COF7ILTUXALIFE 2 DOANY—T 2V A%ZIFEDET, 1 DIHMEE, BD 1 DIFF—ERFLTVET,

// Thrust J—Rfl (XF—= 0)
thrust::stable_sort_by key(dev_values, dev_values + 10, dev_keys);

BOANY—=TVRE F—DIV—TVADBRELBRLTY—FanET, CO/N\I—VIFBEFD ISO Cr+
BERNICIF7R U\ 28D, SYCLomatic [FHEEERGRBRERMLFET,
// BITEOI—-F (AF7—Y 1)
dpct::stable_sort(oneapi::dpl::execution::make_device_ policy(syclQue),
dev_values,

dev_values + 10,
dev_keys);

ARTLDATL—=5—ET 7005 —%EATHET, SHICHETETHRT, ZIP /7L —5—%=FALTF—&
BOY—T 2V A%MEODIT, B—DORENIBZEBEIEMLET, DRI -T7205—IF, BEF—DRT7TH—
ZREDOHELRLET, ZOBR, ETARICEDETN, ARTL - ATL—F—DOEDIFNANGILREZED
ISO C++ B D H = EALET,
// FERRER (RT—-Y 2)
dpl::stable_sort(dpl::execution::dpcpp_default,
make_zip_iterator(dev_values, dev_keys),

make_zip_iterator(dev_values, dev_keys) + 10,
[1(const auto& a, const auto& b)

{
return get<l>(a) < get<i>(b);
;s

SRz G+ STL ZILOURLEEELIESA TS U—IF, BREOEEEZKEICH ETEET, V—IL
ICRBBITRAT YT HFEI—FRETHTID_ET, RFMEI—FREAZQ ETEET, FFROBEFEICHIT
T, SEINR—AM APl & P2300R5 std:iexecution MIRE (&:E) I&, IRED CG++ OFIRICTIGL, COEEE
TERALREL DRSNS —%ERIBIDENGRBEFERTY, ISO G+ TINODEEEZEIRT BICIF, BF
D7 FUT—2/3 0 % KBIMEDBEITMENDDE I, SOECSR, TOTSAITY—IFEE O T — K F A8 T,
TILFARIT—DIN—R I T IS TBICIE, ATBE/EBRD ISO C++ [CHEL, HLREREA — MRS BDICT D0
N&RET,
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DPEcho: 2020 FEX LD
SYCL* [CKBD—MtHXI 5@

HMEFEEICHIIS SYCL* DBt

Salvatore Cielo S 7=wYW « 2—/\—OVE1—F1V 5 - V55— FHISAIBEFZ TV -3y -
HiRk—FrBE HPC TFX/\—F

Alexander Péppl 1FJ)L A—=KRL—23Y VYI+Ix7 - ARX—=TUVJ & RiBIKTVI=7
Luca Del Zanna 71V KE MBH IO X PP HEHIT

Matteo Bugli FU/ X% XFIBEMARER MSCA 70—

I—RIFEMTHDDOD, EENNDEMENICAKSGREABITADY =1L —VaVEdgEICTdATOIZF
2-AVEa—FT4VIOENT T, BERENRESNTLEY, SYCL* (®REE) TOJ5=VTJ =B, sk
M B, AT VMR R ATOY Z 7 INOEET JO—FERMHL, D=0z 7UVITPRT T a—-1
VO VZal—yavEEEETERICEETYE YD T RERMNG C++ APl ICKD, ORI L —5—0DkE
ES|IZTHLEY, BEL, BERERBOMENEFAREREBRICESGL, STEEEXEU—EBEENZ L\ HUE
MEXNERICHWNT, FICENTT,

© Intel Corporation. Intel, 1 ~F)L,Intel DT, ZDMDA > FILOBZFAPO T, Intel Corporation ERIFZDFRMLDHIETT,
IVIAS—ORBICETDHMIE, KBLICETIEEZIERSRBLTKES L,


https://software.intel.com/articles/optimization-notice#opt-jp
https://www.khronos.org/sycl/

< The Parallel Universe

— AR SR ARSI % (GR-MHD) > ECHO O—R' [T,
S0 HPC BIFICHEBIbSNe/\— 3> (ECHO-3DHPC?)
M TICHNET, ZHE Fortran TEahEsNTHD, MPI +
OpenMP* T/\A T UwRllIF|IBEERLTL\EI, CDiLE
Tld, COI—RICFEMZBKODIC SYCL* TESH]MZ I,
GR-MHD @™ MPI + SYCL* /\—3/3>C# 3 DPEcho Z#B1
LZEJ, DPEcho (&, NELEM., B, HEDOETRE, BEERE
EHSE, BROTIVvIR—)LEABOXRAEYIEZN O+
DEFIICERSN, =VaTRF—PO—R{banie—i
MR (GR) XRUwOTHRFID MHD &A@ MHD
HEHR—~LTUL\EY, TITlE, DPEcho OABE/N\— 3%
B, SYCL TEMIBIRED7 SUT—3vn7)LIUX A
HERIBIBDHEEHBAL, CO7 TO—FICL>TERIND
INTA—TVR%=EEILLET,

DPEcho Z{FFHd 5

DPEcho MABE/\—/3>/ (&358) | Apache* 2.0 51tz X
DO TIC GitHub* TRBESNTULEY, COTI—RIE CMake %
HIR—kLTHD, ccmake DA VIS OTATIEFH—=F)L -
A — - AV—TxA ABHLTHRETeNTLET (B’ 1),
DPEcho &, TOAVI—T A R=NLTLLDh® SYCL*
V)M S5 ==Y IR—~LTLET, ccmake BIEICI—R®
NE (SYC* Fa—L U5 —& MPI ICLD GPU BiR—k,

BIEE./O RIIL)DERRSNE T, RICHNIBEHEDA T3

15

CMAKE_BUILD_TYPE Release
SYCL
oneAPI
GPU
ON
ENABLE_MPI OFF
SINGLE_PRECISION OFF
FILE_IO
VISIT_BOV
PHYSICS
GRMHD
METRIC
CARTESIAN
FD
4
NRK
2
REC_ORDER 5

SYCL: Select the SYCL target
architecture
Keys: [enter] Edit an entry [d] Delete
an entry

[1] Show log output [c]
Configure

[h] Help
without generating

[t] Toggle advanced mode
(currently off)

[g9] Quit

1. DPEcho 155051713

ccmake ¥—=F) - A—HF— - A UH—=Tx(RX

VBNEYS, VILIN—FHEKD MHD & GR-MHD OYIDEZ AT, B D&HBRREICIHLT, YiR—k
SNTL'D GR XRUYOD 1 DE@ACENTERT (RBE/N—Y 3V TIRTILRERIFZYATRAF—Dd
PiR—1), BUBA T 3VICIF AVTFILO ECHO I—REBEKRIC BUEEH (FD). I Uy RERER, (REC),
W Ows - )VIN— 2T YT (NRK: 1-3) DRGDIA—T—NEFENTLET,

""ECHO: An Eulerian conservative high order scheme for general relativistic magnetohydrodynamics and

magnetodynamics,” Apr. 2007, doi: 10.1051/0004-6361:20077093.

2"ECHO-3DHPC: Advance the performance of astrophysics simulations with code modernization," Oct. 2018,

doi: 10.48550/arxiv.1810.04597.
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DPEcho MBIF. @i, 1> 7LD CPU LD GPU TOEFTICIE, 1FIL® oneAPl R—Z - WV—)LFvk&
1>FIL® oneAPI HPC W—)L¥vAEFERLELE, I—F—IF MPI S>0% CPU O7ICEETRDEREEIC,
MPI S>2& GPU UV —R (F1ILIFE) ORVE VI AEIBETEEY,” CNIEETHICEEZHEBLTITD
NEI, NTA—TVRBEFICIZ, AT VTune™ 707715 —%FERLELIE, REIC, 17V MPI
SATSU—IF, HEEBAEU— (USM) [CRBESNEXEU—IX Y NMREZBERIEFT RN TEET,

DPEcho MOAR/N—Y 3V ICFHETIMIES L
BBEFEICED, B 2 ITRIFEEmIILTT—F
DEIFHENBIOBAEDETILENAIBET T,
HI32ME (GR-MHD BRGE) #EF7UVT
T23AMVI—TTARABHBESINTLEIT N,
I —TEEDOERENNKETYT, DPEcho DFFIFE
IN—=23VICIE, EERTRAYBEZDT IV
R=ILOBBEOETU I ZBRELIESESE
17 GR XRUwod JEFmEEFZEEERD —MH
BA VISR OFv—NEENDIFETT,
NODOEEEF—ABEDTFEIFHOEL A
BRBHOUITARICIE, BAICHISLET,
ZORERVT 2 DON\—=I 3Bl THn,
BIgMEDH DA /YT 2A%FEFT,

B 2. DPEcho 2BN\—Y3avTEFIMEESNE
GR (X EEMS) TOEFILIT—VBOLYITVVY,
KENZRS (KESIZ—1) ZFL—ALET,

DPEcho MFE 1 iEiE

DPEcho BIFEAFICHEHDE S LEDIE, SYC* OF /A RFLOBEETR—~T YR T7ILTUILAEHIE
FILIUX LOBERETTLIE, B 3 1&, DPEcho OIMARETFT /A AOO—R, BiE. RO T7O—H#HERLET,
[EEFETEE USM OFRAICED, ETRRBRIRCHIE o TEBLGEN AT )\ A AXE—ICRFIBDENTE
Flrz, INITKD, (MPI FHILETUYRTORRICKEL) & MPI AZXODRXAVOEDOI—A L AVv—5h',
N1 XD/ T 7—ENLTaE—aN, T—YEENKBICERSINET, S6ICIBIT Bz, 7/ 1R L
DTF—HOVILEWKEDIC, BHY Y THRBRORBICHEVET, Bz SYC HEES (BIRIE, 7—0
I, HBEO—TIIXAEY—, BXOF1—0KEFEERERNTSD) OH&=FALTH, T—YEE0vI%
INMINAL, i PT VWY —RAO—R TRV TA—TVAERBTETET, K, SOICHENREICEOIZIBA,
CNEOBEGHAEEL, ASTEBRLIC, MREBIN-ASAVITHFAENET, TNH SYCL* OELEF SR
T,

®"Intel MPI Library Developer Reference - GPU Support." https://www.intel.com/content/www/us/en/develop, documentation
mpi-developer-reference-linux/top/environment-variable-reference/gpu-support.html?wapkw=GPU%Z20pinning (Z3E)
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& 3. DPEcho dOYvONDHME

USM fEB%Ex=R 4 ICRLET, £

17

EFEEATO—RIBY—TVET/I\ARAEERLET, CCTlE,

SYCL* SUAMALICEDTRIRESNDT 7A4)LED GPU Z#FERLET, RERXTNILOEFESEHRELT, T—5
ETINAZAXEU—ICEFEDHETET, IANTNL - OAVR—RVEEBIOEFICEINHTRIET, SVF1A
N1 fe GPU 7—F T O0Fv—CT —I%HIELLDEITETBLDICENET,

TIUT— 3V EORE S, WEREATEL—
FILTEITENET (B 5), HREIFRIC, RE
RIBOLIEDAT VI TlIE, BEGIALATVS
DIENERET DI, RRNKRENGEREDETER
HMETY, SYCL* [FUFDY3Y - H—FILICED
TINz=YR—~LETD, parallel_for (&, Ff
BomRICImRT, £BUSYDY3Y - ATI 0k
EZIFEDET, T/ A ADETIVTFILTIE,
BO—O7A4FA0NO-NILEREY T =V LE

9, &EIC, SYCL* ST O—/ULD&EK

BERELET,

// SYCL* FINAREFa—%=#HAL
sycl::gpu_selector sDev; sycl::queue gDev(sDev);

// USM TEEQGEH=EIDHT

double *v[VAR_NUM], *f[VAR_NUM], [---]:;

for (int 1=0; 1 < VAR_NUM; ++i) {
1/ BEEOTIZTATEMHR
v[i] = malloc_device<double>(grid.numCells, gDev)
f[i] = malloc_device<double>(grid.numCells, gDev)
L---1

¥

4. BIEFNALRAT7 O AN SYCL* USM T
DPEcho DX EREMEEIDLT

© Intel Corporation. Intel 1 ~F )L, Intel 0T ZDRED > FILOEIAPO T, Intel Corporation £ IFZDFRHLDHEETT,

IVIAS—OEELICRT 2 M3, RBILICE T ST BFIAZSRL TS,


https://software.intel.com/articles/optimization-notice#opt-jp

< The Parallel Universe 18

//-- SYCL* @ ranges: Uy RO —-h)l - D0—00)—F - 14X
range<3> r = range(grid.nx, grid.ny, grid.nz), rLoc = range(8, 8, 8);

[--1//-- XMV ®O3d—R)IL—7
auto maxReduction = sycl::reduction (aMax+directionIndex, sycl::maximum<field>())
gDev.parallel_for(nd_range<3>(r, rLoc), maxReduction, [=](nd_item<3> it, auto &max) {

id<3> id = it.get_global_id(Q; // SYCL* DAVTVOREAT Y~
int myId = globLinId(id, grid.nh, dOffset); // d—ARLAV—OARIL - AVTVIX
int dStride = stride(id, myDir, grid.nh);

// GPU LIYRS—TO—-NIEHEES
double VRecR[VAR_NUM], VRecL[VAR NUM] , -..;
Metric g(xCenter, yCenter, zCenter); // GR OILVEER = FTUYRRAVEDARIYD

/7 BERHETIEMERHUEN —> HIlbeEE 1
holibRec(myld, v, dStride, vRecL, VRecR);
physicalFlux(directionlndex, g, vRecL, vRecR, ...);

[ --. 1 7/ WRHNOFHEEEE
max.combine(localMax); 7/ S1LATvS

5. DPEcho MF/\1 XAJ— R4l : BRETE%1TS parallel_for i3 (9 MDPILT Bz —PEER)

A—RIVTIE, BOD—0747L0N 1 DOTVYREIILOWMEREAELET, D—0717L070—/\L ID %
TUyREIVICTYE VT T2z, DASL TRHE#MO SR, O grid #FEBL, T-ALLAV—Z2A TV
LET, |BHIC Metric ATV OREAERLET, Metric ATV OOV R—R U MEE Il TcO—AILIC
EESN, BIFHNICEGTESIND, BHOENEHEREIDVEBIEZHDER A RIC, BERFTE DD,
A—FRIVFET I BRTAREBERBBITIVNENHNET, ZITIE, TJV/I\TILEICKRESND, BED
A—SF—OBEBEYR—~LTULET, CO#RBIE holibRec TETSNET, COBHIL, D—0715 A
ID #FRALT, Y=al—r3av - - JUyRrROMNBEZERELFT, BAEFERSINTLERETAN, COREEEIFE
BiiE 20— 71T AR TO—0x 77U %0 EICLET, FIZIE EILPROEZZILETTO—RFvA
LT, 0-/VULXEU—hoDLEZRO—RFZEBTEET, MEROWRETEIFERICO—/LTHD, ER
FANIRT |l e SY RIS U=

INT A=V ADLLE

BICBEREEETLT, DPEcho ERX—X T4 ECHO AT —=UV IO %#IE®BLET (B 6), &=MIC,
SATZYY - A—=/\—aVEa—F14VT - 25 —IT%H 3B SuperMUC-NG (#EE) O FI)L° Xeon®
Platinum 8174 7OtwvH— - R=ZAD/—RT, SLWRT—-UVT - F2A+EERLET (B 6 OZLf),
16 /—RETOAT—UVITIERETHD, MPI + OpenMP* O/\A TUYRIGR—=IZA > - )\—=I3V|E
BAKA4ABONTA—TVA (1 9x—)L7OVIRIC 1 AFVTTRIEBEIND 100 HBEMUOEILEFHKT
BIE) ZEMLTVDIENDHDET, DPEcho DXEU— - TvrTUVRRERSNEZE T, MPI YD
TEIT 192° ETIFR< 384° B/ ARRBETEEL,
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& 6. ECHO (Fortran /\—3</3>/) & DPEcho MLLE,
Z :HPC/N\—RIx7 (5ATZyY - A==V Ea—F1J - E/5—0D SuperMUC-NG
1> FI)L° Xeon® Platinum 8174 7OtEvY— - RA—AD./—R) TOEEE, CPU DHDEBERT—UVT -
TRk, 4 EDORE—R7YFZICMR, XAEBEU—HBEDRDICED, Y=aL—Y3avERX 8 EETILAMEE,
£:3YYa1—v—@IFIN\-EUx7 (DG1 FEHDE 9 1>~ 7I° Core™i9 TOYY—) TIUYRYIX%
KELLTHBETANEET, TAAIU—F - IS5 TvIR I+ HEREFESOT—UO0—REVLEETIH,
BIRIEENTULVEWL HPC N\—RIxZICEETRINTA—I VA% ERK .

HPC \—ROFDIFNT, TVVa—<—BIFTO/N—RITT (AVFIL® Iris® X MAX 571y (B
O—R% DG-1) #BHD>FIL° Core™i9-9900K CPU) THFARLTWEY, TOTAKTIE, FUVRHAX
DRT—UVT %70 (B 6 OAR), BICTIL/—RERIGT/IN\AAEFBLET (\—RITT7OHIRICLD
BREEICYIDEZTLET), CPU TONR—RATT1Y - )\TA—T VA%, HPC DfERE—HLTLET, DG-11C
EDINTA—TVRIFERA 7 BB EL, BFRILSNTLEL HPC \—RDx 7% EEoCcV\EY, Inlk, SyYClx
O—ROBNIEBEGHENREEZIRITDIDDTHD, HoPITTAD/\—RIz 7 wHKDINERFIAHITS
EMTEFRT,

SEOEEEER

DPEcho ICIZ BIEDYV L/ RREEM#IF I B EIFFERLEEINTLVEEA AU LD ECHO OI—RTI&,
WIS D DAY U T ERER D Z R i U —< VLN —ICEDE BN AN TULET, CNIEHVED
BMTHDID, IZ2 2721 SYCL* WEARNGREERET, VY TILTHIRMEDH 2 I—RERMHL
TULWEYT, BENTEVIIR (BIXIE, FEARNICHITDIYIENEIE, KN, Y1FEDIE) REDLD
BHGYIBEA T 37DV TH, BRROEENGERSINTVETA. BFE/\—I/37TlE, HENSH—-
TSVIOR—=)LEBNOBREY =2l —V3aVNFEFDELKTRAFEINBZEFETT,

BROT7VTTL—EHINTEESNNIL, DPEcho DR REEIFHEREICEHRDTLELD, BEARTSVIR—IL®
BETSAADT SVIR—ILNODOBEERACFTEND 3D BREEY =2l —YavzFMICHTEL,
EHEERBEI-—RICOSTOOOHMEIBOE & &/ RICINZGENS, BB GHITENRELE/NSE
BREAT OB T SXEA AL EEOW HZBATTOIREENHOFYT, HElF, AF/N—T3Y
TERRIDEZEBLFRT, HERBAOICEIKODSSIF, EBICTERIZSL,
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Fortran, oneMKL,
OpenMP* Z={E LT
LU R DRz =iR b

— NG FERERELTDIIREN—AD
A-TRBr77IO—F

BASIC, Pascal, C [FFINRMICREARTOTSZVIEETIN, MIHTAENG (HENTD) I—FT10
ZLIEDIE Fortran TLzo 1T IVICARELT C & G+ [CEDIRZDETO 12 F/IZE, [FE AL Fortran LH
BLWEBATLIZ, D 20 F[E, Fortran & 1 ITHE VLRV &R, FMFVKDONDEETEVNTLET,
I[H&Z® Jim Cownie O\ TFortran [FI8EDSEEDN 7y (HEE) [CHWLT, ZOTIFEVEWDHREBHIDHD
BRZEHTET, Fortran NERFEDNTLVINEDINEBICBOTL\e<BUTY, ZDfcsh, RENSERIHD
Fortran OV/\1Z—® OpenMP* 7Ot —45— - A70—R - YIR—rZHLTHERILHDEFDONIZES,
FFZDOF Vv RICRODSELI,

FhlE, Fortran EEL<LHBLY OpenMP* NIFETY, OpenMP* [FEICO—RZFIEL T BEELGGETHD,
1997 FCHF IV Ea—FT1 VIR BICEISLTRERFENICIANOTLE, OpenMP* £EkIFRVVEDODESHAT
ITELRE, BETIE, 795 —59—OAT7O0-RBHYR—LLTUVET, ZZT, L\DBFESTLVD SYCL* T
F73<, WA FOTS=ZIDRRICEST, Fortran, OpenMP*, 127 )L° oneAPl| XA A—R)L- 5175 U—
(A>FIL® oneMKL) #FSTT7IEIL —5—ICEtBEA T7O— R I 55%HBLIELWEBLET,
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MEIOEE (B8 (H:E), I — (3EE), U TILa—FR (3HEE) #HACUL\ERVWEAIE, A T7—UT
HETZILTUXLAZERICASTWVRZEZCFLREBVET, ETNEERD FORYFIIDIMRITHEL,
RIETIE 2D Ef%E 3D BEROFAEICERLCLET, CNET, COFIITUZXAICIEDASTNTZB0ED
HBATSOT, CCTIRGEREETE (512 LU 9fR) 27085 —9—ICATO—RIBENLHICHE
METHELLD, LU DRICDVWTEH LRI ZZENCOREEOENTIFZVLOT, AR EEIz8
[CEONDBDREEEBBVNZIZIINIETNTY, FLADRWEEIE, ATV MKL v 7w (&EE) O
MU RS BeNT7OvI =S NABREITINZEUBE VR AR ZHE< (RFE) & T—RNEeTJOvI=58
WBITFIORB SR, (5E) #8RBL KISV, I T, Fortran, 1F)L° oneMKL, BEV OpenMP*
DEEAEBELC, ATVO—REXEHRBPL ATOIYZF7RULFNIBICHIFRIRALETNNAABOT—4
EIOEBELET, EI A T)L° oneMKL ICEFENTL'\S dgetri_oop_batch_strided. 90 OFIMNS
sl (B FILO—FDFEA, (EEE)), WEZWEITDILOHINEZBELEFT,

—OZ7OTIAIF, FI OpenMP* A T7O—REYIR—KI S Fortran 1 5—JxA X%V J)L—RL, IC
32 EVhEHEY 64 EVRBHBOEEoEZFERIINERELEFT (FFMIE, TLP64 15 —T11R
ELP64 AV —JxAADER ) (HEE) #51R) (B 1), oz, CoEOREICHDZIV/1T5—-
OAXVRTRIEDIC, OV/IAILEFICITVWEY, vy I EZR T I Bz, RMDRIBDTIOHEZD
HAZXEFREL, TVTIL° oneMKL Y7L —F U DREE T ZRITEASTARD/INTA=I—%KEL, T—0
BeoZ=EINDHTEY, NTEEZRBT E mNELELIZ,

include "mkl omp offioad.£90"
program sgetri_oop_batch_strided_example

#if defined (MKL_ILP64)

use onemkl lapack omp offoad ilp64 1 64-bit integer type
#else
use onemkl lapack omp offoad 1p64 1 32-bit integer type
#endif
integer, parameter :: n = 10, batch_size = 4
integer :: lda, ldainv, stride_a, stride_ainv, stride_ipiv
real, allocatable :: a(:,:), ainv(:,:)

integer, allocatable :: ipiv(:,:), info(:)

Ida

ldainv
stride_a
stride_ainv
stride_ipiv

n
n
Ida *n
Idainv * n
n

allocate(a(stride_a, batch_size), ainv(stride_ainv, batch_size), &
ipiv(stride_ipiv, batch_size), info(batch_size))

1.9V TNT005L0EYR7vT, OpenMP* ¥—T'vhAT7O—REYR—EF31 Y TIL° oneMKL AY T —&
EYa-NME, FBTERRLTVEY, \—RIO—RFENEFTIADRTE/NYFHLZDINFA—5—[F,
FARCIFELTWETH, BEBICINSTTEDREVNSCEICERLTLEZL,
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FIolChnd GPU [FBBEDATELNYR—FLTULELOT, Fortran REAL A& B )74 LAPACK (EEE)
7)) —F oA FEARLT LU B F D (sgetrf batch strided (#EE) & LU RFPBLIETI D

T ORAT T L —AKRER (sgetri oop batch strided (&FE)) Z5TBLET (BREICEBRTDICIE,
Fortran DOUBLE PRECISION Z [Ct D & X, LAPACK @ dgetrf _batch_strided & 7 )L —F &
dgetri_oop_batch_strided U7 )L —F V& FERHTSEIFTTT ), AUIFILOI—FTIE 2 DD
OpenMP* target data BEZFRLTVET (B 2), ¥y—TvhEElF, T/ 1 RICHEZIELFT,
=AOEE L, ANTHET /A AXEU—ICEEL [map(tofrom:a)], 1> 7L—X LU 2fE (sgetrf_
batch_strided) #7 /\1 ZICT 12 /\vFL, LU 2 LEZ1T5 (a ICTHEM), ERVvE- 4127V
map(From:ipiv)]. A7—%2 [map(from:info)] #F7/\A1AXEU—NBEELET, RS ENIEE
[CETENDE, TOTSAIFRD OpenMP* M8IEITEHFT, LU RO BSNITIEERY N1V F VIR
7/ A AXEU—=ICESN [map(to:a) & map(to:ipiv)], VIOAT L —ARERIET/\A A LTEHE
=11 (sgetri_oop_batch_strided), #7174 [map(from:ainv)] & 27 —% 2 [map(from:info)]
(ET /A AXEU—D\EEEENET,

I OpenMP* A70—RT LU AHBRETE

! BARAREIC A IFADTTHEISH

! BTEFIC A 3 LU EEDEBSNIZITE =&

I$omp target data map(tofrom:a) map(from:ipiv) map(from:info)

I$omp dispatch
call sgetrf_batch_strided(n, n, a, lda, stride_a, ipiv, stride_ipiv, &
batch_size, info)
I$omp end target data

if (any(info .ne. 0)) then
print *, "Error: sgetrf_batch_strided returned with errors.”
else
! OpenMP* AT70—RTITAIOREEFEL, RTFICETHIE Ainv ITHER
I$omp target data map(to:a) map(to:ipiv) map(from:ainv) map(from:info)

I$omp dispatch
call sgetri_oop_batch_strided(n, a, lda, stride_a, ipiv, stride_ipiv, &
ainv, ldainv, stride_ainv, batch_size, info)
I$omp end target data
endif

if (any(info .ne. 0)) then

print *, "Error: sgetri_oop_batch_strided returned with errors.”
else

print "(“"The calculations executed successfully.'™)"
endif

B 2.2 D0 LAPACK B 7N —FVZNZENIC OpenMP* -5 v MElZFERLT, LAPACK 5tHZ7O&SL—45—IcA70-F,
OpenMP* T—rbaa-»ﬂlatﬁtﬁ:rbn\ia‘o LAPACK DU LI R B TR RLTVET,

U YIINTOTTLOEEF, REICECHICRBDBOERERER T D, 2 DD OpenMP*
H—TwhBIEAEFERLTVAOTLED, COTOTSTV—DFERSIZEEBICEBLEI N, BIIORIANE
TI\ARBOT —HEENKET DD, ANTOY 7AW TOTS=V T TIEEITRZNETY, B’ 3 DK
[FINRT, NEHRAEU—BOT—9BEZERLTVET, HIXIE, ADTHIET/I\ARICEESN, AEIF
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MARICRENET [map(tofrom:a) ], =L T, EILEEN XD OpenMP* target data %8I T7/\-1 R
[map(to:a)] [CHEIRXSNET, FERIC, EMvh1>YF7voX|E, sgetrf_batch_strided N'J5—
Lz, 7/ 12 [map(From:ipiv)] NSHIE=11, sgetri_oop_batch_strided "NMOAJELTT/ 1R
[map(to:ipiv)] ICRSNET, ANTOJZFRA-AVEA—FTAVTEFTO2EVDZEIFE, CNbD1THIF
HZEKRE Wz, IMRARNST /AN, F2lFZDFEICEET DL, sTBEBIDA—/\—AYRNAREGD
AEEMNHOET, 1 RTORAT—YRAEIFZNIFERSIZLOT, map(From: info) DIREICZENIFE
NFESNBEIFENTT,

3. B 2 ITRLE 2 DO OpenMP* 5—4'y A 70— REEH DK A ET/I\A ABDOT— X,
BERHIE, RRALETFNAAOAEU—BOT—FERZRLET,

BRAKICIE, OpenMP* UL, BBIZT—IMNIT TICT/NAAXEU—ICHBINEDNEFIVITD
Z&TY, LH\WL, OpenMP* A= whEBIFEI TENODT =N T7o5vaandg, EESHINGELELD
RAEIFHOFRB A, Fiz, 2 DD OpenMP* AT7O—REZIEN T D EICLDA—/\—AY R EERTDINE
MHOFET, Ofesh, 1 DOATO—RBEIEH TINTOETEETOIEONELLTLLD (K 4),

I$omp target data map(to:a) map(from:ainv) map(from:info_rf) map(from:info_ri)

I$omp dispatch
call sgetrf_batch_strided(n, n, a, lda, stride_a, ipiv, stride_ipiv, &
batch_size, info_rtT)

I$omp dispatch
call sgetri_oop_batch_strided(n, a, lda, stride_a, ipiv, stride_ipiv, &
ainv, ldainv, stride_ainv, batch_size, info_ri)
I$omp end target data

if (any(info_rf _ne. 0) then

print *, “Error: getrf_batch_strided returned with errors.*
elseif (any(info_ri .ne. 0) then

print *, “"Error: getri_oop_batch_strided returned with errors.”
else

print " (“Computation executed successfully")*

endif

B 4.1 20 OpenMP* 5—4'whglgiZ AL T, LAPACK itHZ7UE5L—9—IcATO—FR,
OpenMP* F¢LUF 1 TIFBTRRLTUVET, LAPACK DIFVHLIFREBTRELTVET,
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2 DO OpenMP* =4S v 4ElE % 1 DICEETDE, MARET/IN\ARABOT —FEENDGELIED
ZENDNDET (B5). AATY (@) EFTFNARCEESN, 1V TL—ATHRMDBINE,
LU AFE&EMRYE (a, ipiv) (&7 /042 £ T sgetrf_batch_strided [CE>TEfESNZDT,
sgetri_oop_batch_strided "HOHESNEEFICIET TICT/NNAAXEU—ICHNET, ETEL 1 X
BRI EBRIZHIERITDFENEVRD, ZNOERANIEETINEIEZHDFTA. L. ZDIBEIE,
MBIFANT =INT/INAIAXEY—=ICHDEIC, EL OpenMP* target data %813 T sgetrs batch
strided (:E) ZFOHIENTEFRT, CNIFHEDEZLLTERLTHBEET,

B 5. K 4 0 OpenMP* §—5'w AT O—REFICEIZRALET NI ABDT - FiRX,
BXE (FOESL—5— - FIAXRERL) &, RAREFNAZADXEY—BDOT—YEEETRLET,

CORETHEIZH IV IOTIALIE . ZOURT EU— (HEE) DBAFTEEI, Y AILTOTIAICTIE,
ANTHEDEEL, STEOZRATYIOHNERRTEZII-RNEENTVETH, COZEICIFEDHELA
Tlfzo A2 FTJLC Fortran OV/)\A S =14V FI)L° oneMKL ZERLTCHY Y IV TOT0SL%EEILRT D
OTVEIE, OpenMP* ZBUL\BIEEEZ D TRVIEEDZENZENT, RDOEHDTT,

$ ifx -i8 -fpp -DMKL ILP64 -gopenmp -fopenmp-targets=spir64 -fsycl \
lu fact omp offioad example £90 -o lu fact omp offoad example.exe \
-L${MKLROOT}/lib/intel64 -1lmkl _sycl -lmkl intel ilp64 -1mkl intel thread \
-Imkl_core -liomp5 -Ipthread -1dl

$ ifx -i8 -fpp -DMKL ILP64 \
lu_fact omp_offload example £90 -o lu fact example.exe \
—L${MKLROOT}/11b/1ntel64 -1mkl intel ~ilp64 -1mkl intel thread \
-Imkl_core -liomp5 -lpthread -1dl

JI—RIFEELMIEEDRELTHD, IFE OpenMP* OEGH RD 1 DTY, I/ Z—hH OpenMP*
TALOTA 7= BEELTD, YUTIILO—RIFZEOFEFEDET,

1 7)L® oneMKL BE#IE SYCL* XV Y RZEFERBLTT7IEI L —5— - AT70—REETI DD, 1FIL°
Fortran O/ 1S —8H L1 VFIL® oneMKL £EBIT, T/ ARRSAN—ET =~ C++ (ZEE) O/
T A VAR—I)LLTRETIVENHDEFT, mbEREGTEF, AVFT)L° oneAPI X=X - V—)LFviE
A7) oneAPIHPC W—)LF Vb0l A% VA=)l BETT, 17 I)L° oneAP| ZHHTER T DIFA.
FrlFT7VTIT—rERELTVBIEEIE, 7TIL° oneAPl W—)LFvEAESRBLTIESU),
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https://github.com/hagabb/blog
https://www.xlsoft.com/jp/products/intel/compilers/fortran/index.html
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B 1 ICRI BRI ORTE /N FHA Xk, TARTIFBELTWETH, 7035 —YavoBREx=Z(F5ICE
INSTEFBREITEREL KISV, STEEL, fIHT7O0—%25—0VvET /A RICEEL, NEHEXTEI—FET
T—IEHRETDIEDOA—/\—AYREZEK TETIREICRSITBIVNENHDET, COYTILI—RD
INT A=V ZEFHEICDWTIE, SEOEECTHDLEIFEITN, BEFIOR TN\ FH1XEERICEHTET,
STBET7OEIL—Y—ICATO—REBTICHRRAN Oy —IC&RLEIFSHARVIEEICDVWT, ERTEET,

ZCTl&E, OpenMP* 7O ES L —5—-AT7O—FEBEEDIFAD—E =BT LELIZ, OpenMP* {HHk (&FE)
[CIE, ENCHZLOATO-—RBENEEHNTULET, "OpenMP* APl Z{FRLIE GPU 70T 5=200
BE, (R:E) T, L0EBBIFOFa—rUTILERBLTVWED, BHOIYTILON—RDTT7EV TRDTT
NAVRAR=)LENTLRERDOALVTIL® TAROV/— - JS5IR (#:E) Tld, OpenMP* 7S5 —45— -
ATO—ROEBRETOCENTETET,

r-] Ry rFpR b

((-%,,_J-)) K EBBOEHERPIFS

FPIRA=5— FIINAVFVVEIEE BREIVIZT BRI —~—DEIA,
1V 7)° oneAPI N—2R & LY FUV T - Y—)LF¥ybTEI2ATSIE-Vavn

PRAICHEELTHTIES L, 554l >
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< The Parallel Universe 26

ACM RecSys Challenge
2022 DA ~/7)L° SIHG4SR
VUi—2/3>

TVTIWVOHBY AT LN EUAE

Chendi Xue 17 A—KRL—23a>y IY V53—V - TVI=F7

Xinyao Wang 1 ~F)L O—KRL—23> Al IL—LD—=H - TVI=F

Zhou Yu 175 O—iRL—23> Al TL—LD—9 - TVIZT

Jian Zhang 1)L A—RL—23>Y AIV I b0z 7 - TVIZFUVT - IR—Jv—
Ke Ding 1)L =KL —YavEFEIT VI =7 Al GARR

Eric Anderson 1~F)L O—RL—23> Al TL—LD—0 - TVIZF

Rita Brugarolas Brufau 1 >5JL J—iKL—3> VY I+Dox7 - YUa—-3> - T VI

R

KETE#ZS (ACM: Association for Computing Machinery) O¥EY X TA- DV T7L VA TlE, B85
RecSys Challenge EFIENET—FPAIT VR - OV FAMERELTWVWET, 1VFI)LIE, COIVFARIC
2 FRINMBENMLTULETD, 2022 &, 17 )L IE SIHG4SR: Side Information Heterogeneous Graph for
Session Recommender (%zE) VYUa—>/3> (TACM Digital Librarysy 1C388) #HRL &EJ—5F—Hh—R
TAMICAELELEE (F—AL%F "MooreWinsi),
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RecSyc Challenge 2022 (#:E) (& Dressipi (#:E) [CEOCHREIN, BEBIIT7vYavHETLIZ, 121
SINfeTr—~tvk (EEE) [ClE, 18 WBRIICHIEd 110 AHEOERIbLSNIcA Y S/ ety aryh\EE
ncunELlz (B1 &8 2), Stvyavicld, BASNET7ATLZSN)LETSD, 1 HOBEOITENEEN
THED, BN E T 7y avFEEOYRCEDNT, BBENEDTAITLAEBATINEFATIENEE
Tllz, OVFARIIEMLIEYYUa—31E, MRR (Mean Reciprocal Rank) XO7IC&oTBUAMTIFEN
FELleo BRWICIE, vy avIldnT, BASNBABEMEDHDI71TLAOUINITLT, ERICEAS
NIET7ATLADED IR RISNNIE, MRR [FELEGDEY, WIC, 71T ANFRUI SO TMIICR RSN
154, MRR [JME<IEDD\, COIZENET, AIRIE, FRUIRD [item,, items, item,, itemy] T, item; HVERR

ICEBASNE A TLDIBA, MRR= o =os = 5 [RDET,

R1.AYSIY - avEYT - Eyyavofl

2. 71TLRBOB
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17DV )a1—/3>

SIHG4SR VYUa—y3aviEk, 57 -Za—3)L - RvkDJ—2 (GNN) ZFERLTEvYavhbEEL., BE
LI 71T LA EBICEBALR AT LAOBODENDZEESNCLET (B 3), F£9 &% tzv/a>% DGL(Deep
Graph Library) (3:8) #FHELTERLETITTTEREL, ENERVED—=DICBALFI, TOEFILIE
3 DORMEICHIFTRIZENTEET, £ 1 BRETIE, ADTZ7Z7147L, FH, A7TU—0 3 DOFEE
A BETRIBDIAH T —TILIC T O—RLET, 3 2 BETIE FHE LT IU—2T71TLADIRDHIAHEF CHZARIC
BEFL, 77ryvavaHrdLBZBERLTEHAT I—RLET, LT, 2 3 BETIE, 7AT7ALEYIR
1ER7ZEEIC 2 DO LIEFEZ 1 DICHELT, 71T7LAORE T ZEITULET,

3. SIHG4SR 7—FFHF v—

COFLWETIVIE, ATOYVZTFRA-IZ7FBLTEEYYaVAEREBL, iILLWEHNFETHIRBHRE
V=T ARHERELFET, HARBHRELTT7ITLAORHARHFAHFI— —DEREBRERTZZ0
VUa—avid BREFHEI VY ZVUVD, 2 BREN —— VT F A RILFLANILOBHEDT, /\A/(—
INTGA—=E— - Fa—=T1CLD, MRR0.20762 #ZEMRL, #E 4 EBELELE,

ZDOVUa—23vTlE REAORYYavT—5%2T57{6LET (R 4), Swvyaviz1 o>0937
[CZ#EN, 55T 110 BEOTSTIMERSNET, FI57ICIF 3 BEODIVINEAELEFT, BEIBIC
TATLEDGFSIVY, PATAEZORFHEDGCIVY, 2L C BHENINTdATIU—%2DE<CTVvY
T PATLDIEFIFHEICHEVWTEECTY, BEBEREFEEZFEID_E T IIT7RVNI—DIFEGRSD/\F—
EiaHL, REHIORICOUYDESNBDTATLAPCEBASNDTAITLEZTFRHITETEYS, SHIC, B71T7LD
EIRAFHETINT2NTTU—ICED, COEEGIVTFALEFNRL T O——DENAEBIERA TEET,
I TlE, INbO71 T AOFE 71T A0 AT I —% Y1 REHREFOET,
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4. RERXT—IDBATOIZFR - IS5TAOZE R

T

COVIa—3aviE PATLABRETIRBEREENL, R0 T AZREL., EANSEBRAERTHEE.E
[ L2\ EERELET,

FPA1TLBHRETIRBROEYN : FHEHTTU—DIBOHIAFOREHR—I BIcsD, 2 DOFEEFRALT
WET, FFREOIEDIAHICDULTIE, BLT7ATAICDIEN B EHDIRDIAHZ, FTLUVMEHIAHFRT)LELT
BET9D vl FEEFERLET, ATTU—DEDHIAHICDUVTIE, ETEHHAHTIU—DIEDHIAH
DOFEEEEL, RICTO—RFvARLCTATLADEDAHCEBERITD g + JO—RFvA~) FEE
FRLE,

PATLFAEYIRBERFUOMSE : 1T -OBFEXRIBATERIE 2, EXIERIB Z, Z4EKL, T2 DO
KRIFEEELLER Z=a Z2,+ B Z, THEALET,

EHIEEX  EHNTETEAE (NLL) BREH=ZERLT GueyyarviDeiHluneyyavITER
LET,
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BHEIVIZFUIICLDBEER L

INTOFHENETILICEB I EDITTIFRVDT, IS T7DBRICEAGRHEZIRTDEIFFEICER
T, BHSNET7AFTLRFHICIZ 74 DHTTU—E 904 D—ED THFTU—18) OXRFHEENTULET,
BIZIE, FHHTIU—3 N T8 OIga, A7JdU— 3 ICBIIFHOEIE, 7R © Al HdWIEBID
BTHIUEMENDDET, blL, HdNTTU-NBET—EMOGWVEREZRMLED, EFhoh7TU—
EXBT DAV I ERMTDIEEF, TZTNBRNTIVENGHDET, ol RSN BEREZEIC,
HEGBERGRHEER T EHTEERY, COVUI—3a VTR, BROFHATIU—%=FRNT T~
B 74 B{TOCHD, BEICRESNEESHEHIISL T, BHATIU—DEFEDEERNITZTAE
8 EfTLWELIE, aBIC, BMBEBAODYILARY YT BEOT7ATLAEERERE, BALKERIFTITZIET,
FRICERE 3 DOFLWEHZIERLELR,

1~ 7)L° End-to-End Al Optimization Kit

1>5)L® End-to-End Al Optimization Kit (3&ZE) (£, —MMGE/\—R D7 ET/I\A/I\TDA—<T VAN DiEE
BFETIEERTD I VRY—T VRO Al @b =T DA E R Y —/ILFv T, -0 L —Z27,
EFILERB EREE A /A TS VOEBREE&REN TS CEBNICRFESINE LR, LW<ONOIVR—
RYEMEENTULET, RecDP [FABRET —HNIEEITS > T)L7ig APl Z1MHtL, SDA (Smart model
Democratization Advisor) & SigOpt (k3E8) TETFI/IEHBILLTCFa——J I DEHFHAHFOMBERM
L. FfL——20%3LO7—F70Fv—t@ERF vk (DE-NAS) [30V/\ONEZa—2)L-RybD—0% L,
Model Adapter [FL—ZV T HIOMB B RICHLWVWET NGBS EET,

SDA [CRB/I\AIN—/)\GA—=H—+ Fa——"

BEGETIV - T—FFOFv—%BBEsD, I\AI\—/I\SGA—=5— - Fa——UTETLRBEGE/\SA—5H—%
BIRLELZ, FEIO/N\A/\—/\SX—=5— - Fa—=7 (HPO) ICIZHFRMFBNNETHD, BE, KEE
N OBIRNGHITOBICIS—NRELET, 2T T, SIHGASR Tl SDA ZRBLT/\1/{\—/{SXA—45—-
Fa——VI%{TLWELEE (B5),

5. 1> 5I)L° End-to-End Al Optimization Kit IC&B/N\A/N—=/I\FGA—=H— - Fa—=0J

Model Adapter IC&D 2 BfERL—=20

ZwvravIlld 1 DOBATATAEEBROBE (T LANNEENDH, Model Adapter Z1F B L TR
FEN—AD 2 BERL—Z20%T0\, T—YZRIBOTITET (B 6), 8 1 EBETIE, ROXRIUYOD
BREICEELFEI, CORYRDI—DIERICEESND A TLAEIELLFALELDIELET, CNICKD, 7—5
A X% 5 BICIEARL, ETIIAARBISGRETEET, F 2 BETIE, RIANUVIREND, /NagT—4
YR TR ARBE R DET I EEN TS IBA T T LA ABBAN\E A HZ B IEFRT,
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6. Model Adapter ICEDERBRFEN—AD 2 BENL—=V5

BROETINZEHEDED

YBENZEB S BB, SIHGASR P—F FOF v—AR—AICEHOREETILEEELFT (B 7).
M-V FKR T U TUVT J—REE, TvIVROVIFE SiHELEREDREEFAELT,
B ITETIVAEERLET, REMIC,SIHGASR V1,SIHGASR V2 SIHG4SR V3,SIHG4ASR V3 enhanced &
BHTE 4 DOUYTEFTILVEFERLELR, 2 LNLOBEFEDEEFERLT, 4 DOETILHSOFAlEA
MENTZET, BE—EFTILO—MILEEEEZRBICEFB TETET,

B 7. €7 olsabe

E D)

RecSys Challenge 2022 [Ftzv>/asR—XAMOLIX VS —MET, SMEICIFEZ{tenicT -5ty
RBHENELR, vy ary7—HFRTHITTTHRBEAETHD, T—TZ—=2T - EFILDIFSH
R VT VI FRLDDBNIE TN ZERLELIE, 1FILDOVII—T3VIFE 4 DOEBIGERICED,
MRR 0.20762 ZZK L, #&E 4 1B EBLELI.

o SIHG4SR : Y¥avNR—R LOXVS—RREOYREREFETINTOIZT7ZX GNN R—ZADEFIL
o JSTNM/—R | ITvI%EEBM/HIBRLTIEE.AR LIR/FMET VI =TIV ITFL

o I\AN\—/\SA=E— - Fa—ZUTEMBEFBEEITOA>FT)L° End to End Al Optimization Kit (278)

o BEOEFIAEFRAIZDVILFLANILOEHEDE
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I—FDIER %
TR D
oneAPI @IF1VFIL° FAROYVIN— - IFIRT

JORTF—FFTOFv—-TOTSF=VT0D
IND—%={FERLTLIESL),

T
Mandelbrot T E&2&ELG237—FFOFv—CETLT,
OORT—FTFTOFv—DIN T A=V A% B TETET,

=4 313
¥
B FILI—REET 25 O Jupyter* Notebook T
SYCL* #ERRICIRER TEET,

Ik

BHOA>FILD CPU, GPU, FPGA TIFRICHISLIZ
7TV —2 3% BELTTANCEET,

STCHIA () >

software.intel.com/articles/optimization-notice#opt-jp
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HEKORLELZR DTS

REERCHIFRAEI—5—-EVIY

Eduardo Alvarez 1)L d—RL—3> Y =7 Al YUa—3> -

ZDOFa—kUTILTIE ALY T 7L R D Visual Quality Inspection (2EE) #{FEARALTC OVEa1—45—-
E23y - VUa—2avERBRITIHEEBNLET, COUT7LVR - FyklE, BETIRICBIIDZTERD
CEENRBOMSZHRPIDIIEFIERT—Ftzvh (HE) \OUVIERMBLET, BETETHETD
SESEGARRRCHICENTEFIN, COFa—rITIITIFEBEIOREISEFELET, COT—Fzvk
TlE, MO TUXV RN TR £zl TRR ) OAFIU—ICHfESNTULEY, CZTlE, TOF7—5tvk
EERALT, FRIICAL——2J LI VGG-16 ET /L ZEBFEL, tHOBEREERY—I/ILEERLET,

VGG-16 IE, 16 BORS A DODBHAHF—_1—TI)L - RY+D—2ITT, ILSVRC 2014 TROLEEDR L
T—XFTOFv—D 1 DCllt, ITANEIRITIE (HDFEIS—K 6.66% D GoogleNet IR 2 fii& 70,
by B DFETT—3FK(L 7.32% Tlliz, £ MIBREIATTIFERL B EIT—KIL 25.32% TLI,
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LH\L, EONBEL ——V T 92EEBICREBNNNDET, VGG-16 THL——7 L1z ImageNet MEH
DOYA XN 528MB HB78, NEDDTARAOVBEERFERELNELL, IAMERNTI, 118 3800 HED
INTA—=H—(F, AEROEFREIEINICDOENDFET, 22T, AWS* EC2* m6idxlarge 1VRAY VR (5 3 H#HK
17 )L® Xeon® Platinum 8375C 7Ot vt — 2.90GHz) ETEEIIS PyTorch* @IF(>F)L° TOXFY
>3 (IPEX) ZRMALT, kBT —5vhETERICRL —Z2T Lk VGGNet D7 —F T OF v—% 5%
FHEIUET,

IPEX [Cl&, />/FIL® I\—RIx7 LT PyTorch* M/\ 7A=YV R%B LI 2&BINEENTLET (B 1),
F/z, Python* @ API HEFENTHD, 1—F—(F 2, 3{TOI—REZEITZREIFTT, INGOHRBILEFET
FTFY, IPEX DEBOFEALE, B&EIIC stock PyTorch* OUU—RICEFENDFECTT,

PyTorch* UZ7)LA A LT RIRFEIDRAE—R 7V
stock PyTorch* 1.8.0 & IPEX 1.8.0 ML
ERIE:Azure* Standard D4_V5
25

2.22 158

n 15
i
o
S|
05
0
JwFHLT =1
Wstock PyTorch® 1.2.0 mIPEX 1.8.0
PyTorch* \wFFRIRFEDAE—R7v
stock PyTorch* 1.8.0 & IPEX 1.8.0 (L
ERIE:Azure* Standard D4_V5
16
hrd
” 1.38 &
_ 12
I
5o
i
s
= 08
o
-}é 06
g_'—_i
04
0.2
0
INwFHrZ =10 J\wFHZ =50

Hiw/ v F X

W stock PyTorch® 1.2.0 mIPEX 1.8.0

B 1. PyTorch* BIFI>YFIL° TORF> 23y (IPEX) LD, stock PyTorch* CHEEBL TR AR E L,
COLERIL v1.8.0 TIT-TLETH, BHBORH/N—Y3VIEv1.12.0 TF,
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83 HRO1VFTIL® Xeon® Oy —Id, A VFIL® PRIV - NI - TORTVY3Y (AVFIL®
AVX-512) TIGREED BFloat16 XA T+« ZICHR—KL, FFRMICIFAVFIL® PRIV - <TRUOR -
TORT3Y (AVFIL° AMX) TRERBEZYR—FI3FETT, 1VFTIIL° AMX ZERINIE EBE
TRYND—UORBEEHELILER, FBETA —Z VI TEET,

IPEX [&, Conv2D + RelU, Linear + ReLU 73&, SEICFRAINIEE T/ \Y—OREEZBHNICH R—
L. TorchScript TE&BIC/N\TIA—TX VA% GRELTETET, Fie, BEFZmEBELL, LW<KODNDHAITA RS
NITBEEFEERELFT, —80D ATen JBEEFIE, ATen OEFEXANZAALICED IPEX TERBIbSNIEEEF
[CESZM|IONET, oI —MBAENROY—[IFICVLKDDDARI VA ASNITEEFNERSINTLVET,
B ZI£.ROIAlign & NMS [ Mask R-CNN TEEINTVEY, IPEX [FARITIASNEEFHEELL,
NBORROY—0/I\TA— >V R%&R[ ELFET,

RERNT 5D

HREERICHEVWCREBEIFIREICEECT, R (HB2) TR (KB 3) @ﬁ*J@éié‘itﬂﬁJﬁ%E?%ib&i
AREDBIELTIE, B, WX /BN, Ein /X3 ZAHNORES, REIOEEEL, BRENEIToNnET,

2. R/ FrEsBEfF sl

B 3. 7R / RBasEFlnfl
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EHHGRERBDIEBIOED DI TlE, TEHIOALICABELYHD, EFOARICEEDLSIBRDHONHD
ZEDOHDET (B 4), CNIE, —BOEFOABIEICIXA—I #5Z 28 E TIROREERL LD REYE
NHpNET,

4. FHNCGHBEEEORAETFIINGTROEROHER

AR5 VGG-16 ETILESE

ImageNet TERIFBE 3N VGG-16 FFEHtEzRE, NATLARFEANYREFRALT, ARIL-TILFISR
DEETIEEERLET, GBFBEEREICT DD, RVDEHFAHTOVID/\TA—=5—[FTU—-X (EIE)
SNFET, COBEFIEL, VSARAT (RL—=VT - E—RDIBE), VSRR, ZUCERbSNFH~yr
(FHMEE—RDIEE) ZIRLET,

PyTorch* €ET/ILDORL —Z27 - AF—TEHHTEICLIESIF, W<ONDER I—RELZRTILENHD
CEICRRIKTLED, PyTorch* @ETILIFEE, NTOIVR—XY EBEELERT,

o FT—HDRIMIR: T —IDFHIAFHE NAT <A XD, PyTorch* @ Dataset 7R %#HisRLFET, T,
THILT—D\SER, ZNZNOINIL, ZOMMBBRXTT —5=HHITEDIENTT,

o T=HDFHAH:PyTorch* [ DataLoader 7 HIMLTED EF LD —Z 2T EFFlRFIC Dataset
D3R ORFEZELET, COBMIF, LV TEHRPICETIICT —I%REITZIREZBSI X
I./_g_—ég_o

o EFILDES : PyTorch* EF)ILAEZR I BICIE, "Module V52 #HsRdT 2SR ERLFET, IV
O9— (__init_) IFEFTILOBEREL, forward() BHIZEESNLEETILOBEBELTANT —4
R oS BER A ERT DEENHDET,

o FfL—ZVIRE : FL—C—2T VRV EOBEREHERECTIILTVALEEET DBENHOET,
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MUTOI—-RElE, COBOEFTILEEERLTCVWET (B 5), JVASO5—TIE, kTS VGG-16
EFILE, BBEO7—F70Fv—ICEINNT2HAYLEEZEELTLEYT, _freeze params XVvwk[E
requires_grad % False ICERETD_ET, VGG-16 EFILDOXRVBAETU—X (BBFEBDCOHBDEH
HELZBCTEZNELDID) LET, forward) XVvRIE, EHZERAL, EF/ILEZBLTT—Y5BEILET,

CustomVGG(nn_-Module):

__init__(self, n_classes=2):
super(Q.__init_ QO
self._feature_extractor = models.vggl6(pretrained=True).features[:-1]
self.classification head = nn.Sequential(
nn.MaxPool2d(kernel_size=2, stride=2),
nn.AvgPool2d(
kernel_size=(INPUT_IMG_SIZE[O0] // 2 ** 5, INPUT_IMG_SIZE[1] // 2 ** 5)

),

nn.Flatten(),

nn.Linear(
in_features=self._feature_extractor[-2].out_channels,
out_features=n_classes,

).
# self._freeze_params()

_freeze_params(self):
param self_feature_extractor[:23].parameters():
param.requires_grad = False

forward(self, x_in):

feature_maps = self.feature_extractor(x_in)
scores = self.classification head (feature maps)

self_training:
scores

probs = nn.functional .softmax(scores, dim=-1)

weights = self.classification head[3].weight
weights = (

weights.unsqueeze(-1)

-unsqueeze(-1)

-unsqueeze(0)

-repeat(

(
x_in.size(0),

1,
1,
INPUT_IMG_SIZE[O] // 2 ** 4,
INPUT_IMG_SIZE[O] // 2 ** 4,

D)

feature_maps = feature_maps.unsqueeze(l).repeat((l, probs.size(1), 1, 1, 1))
location = torch.mul(weights, feature_maps).sum(axis=2)

location = F.interpolate(location, size=INPUT_IMG_SIZE, mode="bilinear")
maxs, _ = location.max(dim=-1, keepdim=True)

maxs, _ = maxs.max(dim=-2, keepdim=True)

mins, _ = location.min(dim=-1, keepdim=True)

mins, = mins.min(dim=-2, keepdim=True)

norm_location = (location - mins) / (maxs - mins)

probs, norm_location

B’ 5. hAF L VGG-16 EFILISR
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PyTorch* @IF1>FIL® TORT VI VICKLDEBES

BB LIE&SIC, IPEX EELT, A5 — 5ty FeEailckL—=24 Uik VGGNet HBEFILEEE
SBEUET, HUTFOI—RAD 11 T8, XSS EHRBILAEBATS IPEX optimize XV/vED
FOMLERLTVET (B 6). IPEX OEFILADBRAICOLCIE AR RFa X - () #2BLTZA,

# EFILOSL—ZV T %R

# ETILORL—Z2T ‘

# DL 7—FFUFv—, ATF47 1T~ BREROWHL

model = CustomVGG()

class_weight = torch.tensor(class_weight).type(torch.FloatTensor).to(DEVICE)
criterion = nn.CrosskEntropyLoss(weight=class_weight)

optimizer = optim.Adam(model.parameters(), Ir=LR)

# IPEX &i#ift
model, optimizer = ipex.optimize (model=model, optimizer=optimizer, dtype=torch.float32)

# BEYVa-IoL—ZT

start_time = time.time()
trained_model = train(train_loader, model=model, optimizer=optimizer, criterion=criterion, epochs=EPOCHS,

device=DEVICE, target_accuracy=TARGET_TRAINING_ACCURACY)
train_time = time.time()-start_time

# hdf5 PyTorch* EFILDORE
model_path = f"{subset name}.h5"

torch.save(trained_model, model_path)

B 6. EFINDON—-ZVT

N—Z T BHETINDT—FTFTOFv—HR ML, FL—Z B\ TA—F—Dia B xR LET (B’ 7).
IPEX CETI/ILEHETDE, BUYEEIC _IPEX EWLWDSTUTOINBINSNET, ZHlE, IPEX NWEE
SNTUVBREEERITBDREVGETT,

from torchsummary import summary
summary(trained_model, (3, 224, 224))
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Layer (type) Output Shape Param #
_IPEXConwv2d-1 [-1, B4, 224, 224] 1,792
RelLU-2 [-1, B4, 224, 224] 5]
_IPEXConv2d-3 [-1, B4, 224, 224] 36,928
RelLl-4 [-1, B4, 224, 224] 5]
MaxPool2d-5 [-1, &4, 112, 112] 5]
_IPEXConv2d-6 [-1, 128, 112, 112] 73,856
RelLU-7 [-1, 128, 112, 112] 5]
_IPEXConv2d-8 [-1, 128, 112, 112] 147,584
RelLU-9 [-1, 128, 112, 112] 5]
MaxPool2d-1@ [-1, 128, 5B, 56] 5]
_IPEXConv2d-11 [-1, 256, 5B, 56] 295,163
Rell-12 [-1, 256, 5B, 56] 5]
_IPEXConv2d-13 [-1, 256, 5B, 56] 590,858
Rell-14 [-1, 256, 5B, 56] 5]
_IPEXConv2d-15 [-1, 256, 5B, 56] 590,858
RelLlU-16 [-1, 256, 5B, 56] 5]
MaxPool2d-17 [-1, 256, 28, 28] 5]
_IPEXConv2d-18 [-1, 512, 28, 28] 1,188,168
RelLl-1% [-1, 512, 28, 28] 5]
_IPEXConv2d-2@ [-1, 512, 28, 28] 2,359,883
Rell-21 [-1, 512, 28, 28] 5]
_IPEXConv2d-22 [-1, 512, 28, 28] 2,359,883
Rell-23 [-1, 512, 28, 28] 5]
MaxPool2d-24 [-1, 512, 14, 14] 5]
_IPEXConv2d-25 [-1, 512, 14, 14] 2,359,883
RelLlU-26 [-1, 512, 14, 14] 5]
_IPEXConv2d-27 [-1, 512, 14, 14] 2,359,883
RelLl-28 [-1, 512, 14, 14] 5]
_IPEXConv2d-29 [-1, 512, 14, 14] 2,355,808
ReLU-3@ [-1, 512, 14, 14] 8
MaxPool2d-31 [-1, 512, 7, 7] 8
AvgPool2d-32 [-1, 512, 1, 1] 8
Flatten-33 [-1, 512] B
Linear-34 [-1, 2] 1,826

Total params: 14,715,714

Trainable params: 14,715,714
Mon-trainable params: ©

Input size (MB): ©.57

Forward/backward pass size (MB): 218.4@
Params size (MB): 56.14

Estimated Total Size (MB): 275.11

7. PyTorch* @EIFAVFILC THRAFV Y3y (IPEX) EFIDT7—FFIFv—
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R=ILEFZ Ok - TAb - T=5ICHT2FATIE, EFIVIFBEED 2/3 1 THR) RAITHDEHMTLTLERT
(R 8), BARYIREE—FTVTIFE, B THRESNERDEEERME@FAL TLET, TRESD, TFF)
ZINDOERE, XF, ZBENRE5NET,

8. AT —ytEYvhm 3 DOFAMERICHITZFRE. FLEFRRYIXTEENTELEISZ, REEZRLTVET,
E—revTid, EEGRMEOBREZRLTVET,

O—REDLENNTBRITTAVTILG I\—RDIT 7 ETCHRIALAVGG-16 I\ 1HU—pfEssx Bl cEELR,
ZOMERBWVWEKRZFEICED, FRHIICRL—=>2 LTz Torch VGG-16 EF )L A&, BT —5 v GAx
FHLTEREFE (Fa——Y) L, EEROREEEAZTOVRRL\DEYILICEZBIENTEE LR,

12T )L° DPC++ B Y —)L

CUDA* 77U —/ 3y #EEN—AD SYCL* —RICE 1T

%
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14>7)L° Arc™ GPU T
TensorFlow™* Stable
Diffusion #1793

PC CERLGRT1—T5—=—0%ER

Chris Lishka, Vivek Kumar, Geetanjali Krishna, &&U AG Ramesh 1> 7)L J—KRL—3>

AVFIVIE, I\AINTA—T VA GPU @ T14FIL® Arc™ A7705 88, FiLWLWAVT)L® Arc™ A /1 —X -
T5T4vIR - )\—ROx7HERELELR, A770 1&. —A, IV FTVEE, ARU—=2T(C
BNTLWEIN, PC ECTr—F>—=>2 (DL) D—00O—R%E=FE{TIBDEDARETT,

TensorFlow* (TF) (&, #EIaNfz DL JL—LAD—2T9Y, 417U, TF B\ GPU ®ZnftoA 70—k
TINA REECIEI TR TIEIL—5—%H—T VI TEBDLDIC, Google* &I ST - AVF—T1A(R
(Z23E) #RETLFELR, TensorFlow* BIFAVFIL® TUOXF /3 (HEE) &, RA T+ 7 Linux* &
Windows* Subsystem for Linux* 2 (WSL2) MM TEMET 1 F)L° Arc™ A 21U—X GPU DERRK
HYIR—EET, 17)L° GPU LT TF DL D—00—REZE{TTEDLIICTITZTAV T, RAMT7147
Windows* FTMEITICIE, TensorFlow* DirectML 754041~ (#3E) A#FHTEET,
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WSL2 E® Ubuntu* 20.04 [C TensorFlow* @74 F)L® TORT Y/ avEAVAN—ILTBDDIFEETT,
Windows* & WSL2 [CRTSA/\— SUH1L/\WwT— TF, HiREREZ V7Y I3 FIEZEHRBLET,
A F)L® Arc™ A770 GPU TTFRRD\GEG 4 9S8, Jupyter* Notebook T TF Z{FRLTAKDH D
KerasCV* Stable Diffusion #gEA R EICEITI 5% BN LETS

WSL2 T® Ubuntu* 20.04 Oty k7w

AREETIE, 5 12 BR~>F)L° Core™i9-12900 FOtzvi— (FFEI—RE Alder Lake) #&H o PC &
A FIL® Arc™ A770 TARDOU—k- TS5 T74v IR H—R16GB #FEBLTWVEY, BIREZHELT,
Windows* 11 IC WSL2 & Ubuntu* 20.04 OV 7M=L NTULBRENHNET, WSL2 Z{FEHA
LT Ubuntu* 20.04 Oty 7V d2FEIF, TEH5E2SRBLTIESL, WSL2 [E, Windows*
RART GPU IC70E R B2sh, DirectX* ZET R Linux* A—RILEJLRZEFERLET, ZNICED,
SNEO GPU EHE#EEA Windows* & Linux* THETEEY, GPU [& Windows* IRARTEIBSNBZ,
GPU RZ1/\—I% Windows* I[C1 >V A—)LT2RHENHNDET, GPU AOELNILRSA/I\—%E1 V=)L
gBICIE, ATIL® Arc™ 5 T74vPO X Windows* DCH RSA/N\—DEXEA VA —T—%FERHITINE
NHNET, TITIF, BSAVARILEOETI77MILEFERLT, &FHORS/{— (v31.0101.3490) MY
AVAR=LEanE Lz,

. ~ — N — = by —
Ubuntu* Linux* TOAVFTIL® IS T4vIOREAEST V1 LE
(e] -~ W
oneAPl /\Wo—JnDtvtrwvT
Windows* ICRZ1/\—=%+1> A +—)LL, WSL2 £® Ubuntu* 20.04 OV FFA#EELIEH, XDATYVITlE
apt-get IV RZEFEHLTL\KON® Ubuntu*/Debian* /W —3 %AV A—)LLET, £, apt VATA
AV TIV TSTav DX I\ T =Y DERURY EU—ZBINT2BENHOET,
$ sudo apt-get install -y gpg-agent wget
$ wget -gO - https://repositories.intel.com/graphics/intel-graphics.key | \
sudo gpg --dearmor --output /usr/share/keyrings/intel-graphics.gpg
$ echo "deb [arch=amd64 signed-by=/usr/share/keyrings/intel-graphics.gpg]
https://repositories.intel.com/graphics/ubuntu focal main' | \

sudo tee /etc/apt/sources.list.d/intel.gpu.focal.list
$ sudo apt-get update

UMY RU—MEFeNdE, LTOOITVREFERLT, A VTFILRHIT ST IAL I\ —D %AV A =)L
TEFET,
$ sudo apt-get install \
intel-opencl-icd=22.28.23726.1+1419~u20.04 \

intel-level-zero-gpu=1.3.23726.1+1419~u20.04 \
level-zero=1.8.1+i419~u20.04

NICED, EEO)WI—I EBEROKFRED Ubuntu* 20.04 (WSL2 TE1T) IT1VAR—ILENET,
TensorFlow* @IF1 Y FIL® TORXFT3VIg14>FTIL® oneAPl W —I)LFvhkAEFRLTEILREN

TWET, 20, W<DOND oneAPl S UHAL ZATIU—H AV AL—=ILTEIRENHDET,
FI. 1VFTILD oneAPI UIRT +U—% apt Y AT AICEIIFRLET,
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$ wget -0- \
https://apt.repos.intel.com/intel-gpg-keys/GPG-PUB-KEY-INTEL-SW-PRODUCTS.PUB | \
sudo gpg --dearmor --output /usr/share/keyrings/oneapi-archive-keyring.gpg
$ echo "deb [signed-by=/usr/share/keyrings/oneapi-archive-keyring.gpgl \
https://apt.repos.intel.com/oneapi all main" | \
sudo tee /etc/apt/sources.list.d/oneAPIl_list
$ sudo apt-get update

RIC, DPCH+ & oneMKL SV L)I\WT—I %AV AR—)LLET,

$ sudo apt-get install intel-oneapi-runtime-dpcpp-cpp intel-oneapi-runtime-mkl

(CORBETTVAR—=ILLIE/IN\=23 (&, intel oneapi runtime dpcpp cpp=2022.2.1 16953 & intel
oneapi runtime mkl=2022.2.1 16993 Td,) Cill&, TensorFlow* @IF1 >V FIL® TORXFT VI3V EELT
IBRHDTATIU—DIHEAVAR—ILL, oneAPl OFREEEFE/\vo—J (KDARBEZDHD) [FEEN
FtBA. oneAPI DR/ \WT—I K%MV A=)V BIEE(E, oneAPI DAV AR—)L - REFa XUk (ZEE)
wERL IS,

Python* R ZBIRIZEDIER

TF 7= GPU TR I 215 & I1E, Miniconda* Z# R L FJ, Linux* D conda RIBZIEHR T2 RER
REaXUkE, T5H6 (HEE) #8BLKESL, BFIOITYvFELT, Ubuntu* 20.04 [C Miniconda*
=S OO—RLTTIVAR—=I)LLET,

$ curl https://repo.anaconda.com/miniconda/Miniconda3-latest-Linux-x86 64.sh \

-0 Miniconda3-latest-Linux-x86_64.sh
$ bash Miniconda3-latest-Linux-x86_64.sh

JRIC, TF & TensorFlow* BIFA>FIL°® TORT VY3V zEFHLWREBICA VAR—=ILL, pip Z&#H/\—23
ICEFLET,

$ conda create --name keras-cv python=3.9
$ conda deactivate

$ conda activate keras-cv

(keras-cv)$ pip install --upgrade pip

ZNT, TF (v2.10.0) & TensorFlow* @IF1>VFIL® TOXF>>/3> (v1.0.0) A VAR—)LTEDLDIC
HDELEZ,

(keras-cv)$ pip install tensorflow==2.10.0
(keras-cv)$ pip install --upgrade intel-extension-for-tensorflow[gpu]

I\ —IZOHEICHD [gpu] &, IEEEEED GPU /\WO TV REIEIRIDEDICIEEIDHDCTI,

TensorFlow*/Keras @ Stable Diffusion M1 >VA~—JLEETT

ST, CIHBWARRETY, —RIMNTEITLDI L Stable Diffusion @ TF Keras EF/)LI&, KerasCV (%ZE)
I\ —) CHIFAAEETY, COEEAFALT, Jupyter* Notebook N TTFFARNSEENDEMNZEZELT
LEY, £I. EFD Jupyters Notebook /W —I %AV A—)LLET,
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(keras-cv)$ pip install notebook

IRIC, KerasCV EZNAMERT B/ Wo—I %12 ~—)L L, Notebook H—/\—%EILET,

(keras-cv)$ pip install keras-cv tensorflow-datasets matplotlib ipywidgets
(keras-cv)$ jupyter notebook

9 B&, Notebook H—/\—I[C#E#H I DD URL ERRSNET, Windows* DIgE,. 750 —%RE,
7RLZMEIC URL Z#0E— & R—X LT EE L, TNT Jupyter* Notebook MR—IMERRSNBIET T,

ZNTIE, TFARSEBANDEBZT L THELLD, LU/ =TV IZ/ERL, LWTOINY FEETT
LTize\e OXYRFOBDDIFEALIFERICTDRHEBSNTVEI N, COEITTEMSNEERIE
PleLTHRLTVWET,

model . text_to_image(...) ORMDETTIE, REIRFOA—/\—AYRNHEELFITH, ZNLEDZETT
EERIFDET, ETINETSINDE TOTLRN—DR RSN WKDODATY IR T LIEHDD I RSNET,
D—0O0—RNRTIdE, COTOTLR/N\=F, FREICTHD\SIEEE BUSOE R ICH D\ ofz 2R 73R
HRRLET, TILTROEODYAELZZZDGE, B52TOVTNTCERITDE, SN2 EBDHENDDET,
Z® Stable Diffusion EFILIFTVILMEERALTWLSD, BLTOY TRTHREIMBOEITTRLESD
BRNERSNET,
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1V FIL® Arc™ GPU hMERS NN EDID\DHIE

Stable Diffusion ®FJ)LM TF HAICIE, 7> FI)L® Arc™ GPU DMER SN TLBIDEDINERRSNET,
TensorFlow* @IFA>VFIL® TORXT37IE ™XPUy T/I\AREFERLTED, 1FIL° Arc™ GPU %=F B
TERIEEIFEFMIC XPU MNBIRSNZET, TF OEAICIE, UTOLSBHRENERSNET,

2022-11-10 19:06:45.243358: |

tensorflow/core/grappler/optimizers/custom graph optimizer registry.cc:114]
Plugin optimizer for device_type XPU is enabled.

A 7IL® Arc™ GPU OFERRREVTILIALTERITDHD 1 DOSEIE. Windows* HRT - wR—v—
EEATEETY, YRT - IRX—Iv—%EEL, [N\TA—T V] 5T BRLTERBIRT /1D
UZARZERRL, 1TV Arc™ A770 TS5 74D RAICHIST D GPU T7/\1 2A%i&IRT D217 TI, GPU R—
[CIE, EBBIC 4 DO/IKRILDGHD, ZENENICRRZZ BT DedOROVITIY - XZa—HHERSINT
LWEd, TNHO/RILD 1 DT, ROVIF T - XZa—h\5 [Compute] ZEIRLET, WSL2 @ Ubuntu*

20.04 O>FF T Stable Diffusion 7—20—RF%%17L, model.text_to_image(...) NETNdE,
Windows* MHRT - ¥x—v—D [Compute] /SRILICATIL® Arc™ GPU METENERRSNET, Fic,
[Copy] *® [Dedicated GPU Memory Usage] &ED/ CRIVICT O T4 ET4—MRRSNBIFT TI, N,
J—2o0—RH (WSL2* @) Linux* TETSNTL\BEIC, 518N GPU TIHHONTLBZEARLTULET,

FESH

TensorFlow* @IF1>VF)L® TORTFYaviEk, —MHW7&E DL D—200—R%Z1>F)L° GPU L TEITTE
BEIICLET, 1FIL° Arc™ GPU MY IR—HFIREEBRNGZHDTI N, Stable Diffusion mEDATD
HBDETIVIFT TICORCENMELTLET, COELETHEBNLIEAITIZWSL2 T Ubuntu* 20.04 OV FF %Y
7w LT, A7)V GPU £C DL D—00—RERELENTTETDLDICTdHEAERLELE, RMT147
Linux* (Ubuntu* 20.04) TENMET 21> FIL® Arc™ GPU TEL Z&EA1TSICIE, GitHub* URY RU—m
TensorFlow* @IFA>VFIL® TORT/3avDA VA=) - BFaXV =S RLTLZE),

EIPELE
e TensorFlow* @IFAVTIL® THRT 3V GitHub* URY RU— (3EE)
e TensorFlow* @IFAVFTIL® TUOXFT/3V/D pypi.org R— (
o TensorFlow* @341 >F)L° 197\?7/3/@%:\:1%/% (=55
o TensorFlow* (Z&zB)
o KerasCV @ Stable Diffusion ZFRLIE/\1/\TA—V/AFEURERL, (25E)

© Intel Corporation. Intel 1 ~F )L, Intel 0T ZDRED > FILOEIAPO T, Intel Corporation £ IFZDFRHLDHEETT,
IVIAS—ORBILICEATMIE, RBLICETDHEEREESRLTKEZ L,


https://software.intel.com/articles/optimization-notice#opt-jp
https://github.com/intel/intel-extension-for-tensorflow
https://pypi.org/project/intel-extension-for-tensorflow/
https://intel.github.io/intel-extension-for-tensorflow/latest/get_started.html
https://www.tensorflow.org/
https://keras.io/guides/keras_cv/generate_images_with_stable_diffusion/

intel

THE PARALLEL
UNIVERSE

AVFIOTO/O0I—%ERBIBICIE, FBLEN-—RDI7 VIRDIT FRIFT-—EROBIMENBBERDIBEADHOET, FHMICDOVTIE,
OEM FEIFRFBEICHELAEDE LD, http://www.intel.co.jp/ #EBRBLT RS,

EROBRERERIFERGDIBEDHOET,

AVTFIE, =R =F1—DF—HICDVWTEEPEEATOCLERA, FNOBERHSEICLT, ERNESHEFMLTIZSL,
RBENICETIEEEIE  (VF)L° IV/AS—TlE, AVFIL° 310070ty I—ICRESNZVEBLICEALT, ERTIO0TO0zyY—
AICASE0ORBILETIEVCENHDET, NICIE, 1VFI)L° ARU—=2 SIMD #iska® 2, 1F)L° ANU—=2% SIMD #iska® 3,
AVFTIL® ARU—=7 SIMD #i3Ra+ 3 MM PREDSBEINZELES, VT, ERTro/0T7OyT—ICEALT, LWHVRSRELD
FIF e ERIFMRBRIAVELEBA. ABROTIIOTOYvY—KEFEORE L A VTV 710070ty —COERERIIRELTVET,
VT RAOOT—FFOFv—ICRESNZVRBIOBNCH, 1VFIL° v10oO070yI—HOLONHOET, COEBEET=RLIERH
PEYROFMICDOVTIE, HEITIRFDI—T—  UTrL VR HARESRBLTIESL), SEEEIADKE #20110804,
https://software.intel.com/en-us/articles/optimization-notice#ja-jp

HREICEATETANIEASNZY ThD7eD—00—RIE, MEN VTS o070y —RICRBELSNTLSIENHDET,

SYSmark* ¥ MobileMark* 7ZEDMEEETF AN F HFEDIVE21—F— Y AFT A IVR—RY MYV TR 7R E BEICE DLW TIT b DT ER
[FCNBOBERICFIOTEBRDET  HAOBALKRT SNBIBRE MORBEEHFEDERIBEOARBOMERE (ENDBEHROMERETANDSE
[CLT N TA—T VY REMAENICFFM TR a5 DL ETBROFMT BRERNESRLTIES VL EEORY FIY—IRERICDVT . SHICFHFL
WIBRAEBFDITHRDIZL S E I, http://www.intel.com/benchmarks/(#3E) # 2B LTS,
HEDAERERIFVATLABROBNRROTANIESVWTWET, Fe, BAABTOINTOEFIUT(— - FYvITF—tNBERSINTVDEIER
DEBA, sllld, YRATLBRESRBLKES L, ENNEEFa1T—2RHTEIRRFELIFIVR—RMEHDET A

RERE (RSN TVIHNENCHDDS T FLEREICEDELSTITNNDST) LWHVEBHKHUEED SV ABHFHEIT LD TIFHOER A,
AV TIE, RSN TVBNENCHNDEYT, LWHVEBRIEBUVELEEA, CTICULSRIEICE, BRERE, BEENAOEGNE., BrOFEE
HEOBRORILE, BFONCETOBIR, BEI0BE, FEFEEITOEANSELZHLRZRILEEEHFTH, CNOICRESNEDIFTIEHOERA,
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