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NTVEWTSY ETA—LATOIEBELBEEZRIET DODTIEHDFERA.

ZD/\wT—VIE Ubuntu* 22.04 TOHFTALSNTULETH, —fREIAR Linux* Y AT AICTV R
F—ILTEFT,

ZDOYUU—2D oneAPI for NVIDIA* GPU 7S5 1 /1%, Windows* LM oneAPI TIXfERTEEE
ADY Windows* BIFD/\woT—J([ES5EIU—-ITBFETY,

TSTAVIE VAT LICA VA R=ILENTLD CUDA* O/\N\—I 3V ICkFELET ., CUDA* HY
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FEHA
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oneAPl 77U —23xEIJILRLTETIBICIE, C++ BAFRY—ILD cmake,gce, g++ . make H
LW pkg-config ZBA VA L—ILTBRENHDET,

ROV =LA Y RIE, —IE Linux* TeARJUEa2—Y 3V ERBOY—ILe1Y =)L
LET,

Ubuntu*

$ sudo apt update
$ sudo apt -y install cmake pkg-config build-essential

Red Hat* & Fedora*

$ sudo yum update
$ sudo yum -y install cmake pkgconfig
$ sudo yum groupinstall "Development Tools"



SUSE*

$ sudo zypper update
$ sudo zypper --non-interactive install cmake pkg-config
$ sudo zypper --non-interactive install pattern devel C C++

RDAXYVETWY=ILDA VA =)ILEeNTV D& &R LET,
$ which cmake pkg-config make gcc g++
RDEDFHANEENDIFT T,

/usr/bin/cmake
/usr/bin/pkg-config
/usr/bin/make
/usr/bin/gcc
/usr/bin/g++

DPC++/C++ AV /IS5 —%EELA Y FIL® oneAPl W—)LF v 2024.2.0 BV A —ILLET,
o AYVTIL® oneAPI R—ZY—)LFv &, Z<OFAREICERTEET,
o oneAPI for NVIDIA* GPU %4 YR ~—JLT BICIE, 1 FIL® oneAPl W—ILFw ~D/\—
332 2024.2.0 "B ETYT, CNEDBHLN—IIVICIFA VR —ILTEE A,
FLinux* [(F0 NVIDIA* CUDA* > X k—)L+H K (Z58) OFIEICARE>T,NVIDIA* GPU RS+

IN\—& CUDA* VT~ 7 AV IEAV AR—ILLET,

1VAR=b

oneAPI for NVIDIA* GPU 1V A +—5— (KE5E) #5 U O0—FRLET,

2. 90vO0—-FLEBCEREAVAN—5—%XTLET,

$ sh oneapi-for-nvidia-gpus-2024.2.0-cuda-12.0-1inux.sh

o AVAL—F—I&. T I7AILDIBAICHD1>FTIL® oneAPI W —JLF v 2024.2.0 D1~/
Ab=)LERELET .1 7TIL° oneAPl W—)LFv FHRBOIBFFICA Y A —)LanT
L\BI5E . -—install-dir /path/to/intel/oneapi C/\AZIBELFET,

o AVFIL® oneAPI V—)LFv EH home T4 LU RJ—NCTHBIEA. sudo ZEHRALTIV
VREEITITDIRENHDET,

ETHDLEYI 3T oneAPl BIBAREIDICIF AV FTILHRH TS setvars.sh AOUS+%&
source LEXYT,

JATLEBERADTI VA —=ILDIBE
$ . /opt/intel/oneapi/setvars.sh --include-intel-1lvm
TIANR— AV ZA—=ILDIBE (77 #)L ~OIGFR):

$ . ~/intel/oneapi/setvars.sh --include-intel-11lvm
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o clang++ RED LLVM W —)LIC/NRA%ZEINT BICIE, --include-intel-11lvm AT7Z/3Y
ZFERLET,
o H—ZFIERKEVICCORAOU T+ EERITITBIRENDDFIT . v ary eIl EEH
EMbIBDHEICDODVTIE TCLI MERITORBEREZRET D, (REE) GE . BETD
12 F)L° oneAPI V—ILFy O RF XY FESRLTIRSEL,
2. CUDA* SA TS U—Y—ILHRIBAICH D E=MHERLEFT,

1. nvidia-smi ZER{TLET, RITRORRICHSHEI S —NEBHENRINIL RIRBIFIEL
<EESNTLERT,

2. FENHNIE RIEEHEFENTHRELET,
$ export PATH=/PATH TO CUDA ROOT/bin:$PATH
$ export LD LIBRARY PATH=/PATH TO_ CUDA ROOT/lib:$LD LIBRARY PATH

1A=L OERR

DPC++ CUDA* S04V DAV A — IV & R T BICIE DPC++ D sycl-1s W—IL&EFERLT . SYCL* T
FFATRTBELR NVIDIA* GPU h'$Hp3 &=L ET . NVIDIA* GPU FIBTEBRIEE., sycl-1s OHAIC
ROLSFIBEHRNRRSINET,

$ [cuda:gpu] [cuda:0] NVIDIA CUDA BACKEND, NVIDIA Al100-PCIE-40GB 8.0 [CUDA 12.5]

o FEDLSICHIATRER NVIDIA* GPU MR RSN TULINIE, DPC++ CUDA* T35 1 hNEt)IC
AYVA—ILEN BESNTVDIENERTEET,

o AVAL—ILPHREICHENSHDES.TFSZTINYa—T1 T 1D sycl-ls DEATT/INA D
BOWBSRRWEE 2L TTZSL,

o MARBEF/N—RIITEAVZAR—=ILENTLD DPC++ TS T A VICIELT, OpenCL* /N1 R,
15 IL° GPU, £zld AMD* GPU B&, [FN\DT /NI ABHURENBENHDET,

BN FITIT—3V=ET
1. XD C++/SYCL* O— RTINS simple-sycl-app.cpp 27 TILEERLET,

#include <sycl/sycl.hpp>

int main () {

// N—FRIVI—RRTERTSD 4 DO int N\vIT7—%{ERL
sycl::buffer<int, 1> Buffer{4d};

// SYCL* Fa—%{ER

sycl::queue Queue{};

/] A—=RIWDAVTYIREETAX

sycl::range<l> NumOfWorkItems{Buffer.size() };

// FA-ANDIVRII—T (D—D) =EE
Queue.submit ([&] (sycl::handler &cgh) {

/] FIARLEDINY T7—"DESAHERT U —E{ER

auto Accessor = Buffer.get access<sycl::access::mode::write>(cgh);


https://www.intel.com/content/www/us/en/develop/documentation/get-started-with-intel-oneapi-base-linux/top/before-you-begin.html

/] N—RIVEET
cgh.parallel for<class FillBuffer>(

NumOfWorkItems, [=](sycl::id<1> WIid) {
/] AVTYVIRATINY 7 7—%1B0FT
Accessor [WIid] = static_cast<int>(WIid.get (0));

)
)

/] RARLEONY T 77— \OFHFEDER 7Ot —%{Ef.
// FA—DID—IUONRT ITD0O%FETDIEBERD/I\UF

auto HostAccessor = Buffer.get host access();

// EREFIVD
bool MismatchFound{false};

for (size t I{0}; I < Buffer.size(); ++I) {
if (HostAccessor[I] != I) {
std::cout << "The result is incorrect for element: " << I
<< ", expected: " << I << " , got: " << HostAccessor[I]

<< std::endl;
MismatchFound = true;

}

if (!MismatchFound) {
std::cout << "The results are correct!" << std::endl;

}

return MismatchFound;

7TV =23y INMILLET,

$ icpx —-fsycl -fsycl-targets=nvptx64-nvidia-cuda simple-sycl-app.cpp -0
simple-sycl-app

AV ZAR=ILENTLD CUDA* O/N—T IVICEoTIF RDEDIBEENRRSNDENHDE
IO CNIFEBRLTOHIEVEEA.

$ icpx: warning: CUDA version is newer than the latest supported version
12.1 [-Wunknown-cuda-version]

7IVT -3V EETLET,
$ ONEAPI DEVICE SELECTOR="cuda:*" SYCL PI TRACE=1 ./simple-sycl-app
RDESFHAIMEENET,

SYCL PI TRACE [basic]: Plugin found and successfully loaded: libpi cuda.so
[ PluginVersion: 14.37.1 ]
SYCL _PI TRACE[basic]: Plugin found and successfully loaded:

libpi unified runtime.so [ PluginVersion: 14.37.1 ]
SYCL PI TRACE[all]: Requested device type: info::device type::automatic
SYCL PI TRACE[all]: Selected device: -> final score = 1500
SYCL PI TRACE[all]: platform: NVIDIA CUDA BACKEND
[ ]:

SYCL PI TRACE[all device: NVIDIA Al100-PCIE-40GB



The results are correct!
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ZEHALET,
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NVIDIA* GPU @ SYCL* 7 FUT —2 3> &V )\1ILFBICIF  DPC++ ICTEFEND icpx AV/INAF—
EERLEY,

l):

$ icpx -fsycl -fsycl-targets=nvptx64-nvidia-cuda sycl-app.cpp -0 sycl-app
ROTSTHBETT,

o -fsycl: C++ Y—XT 7% SYCL* E—RTOV/XAILIBLIICTAV/AS—ITHERLET . C
DI ST (IREERMIC C++ 17 ZBMICL.SYCL* SVYHAI-SATSU—=2BETUVILET,

e -fsycl-targets=nvptx64-nvidia-cuda: NVIDIA* GPU #5—%5'vw &L T SYCL* A—XIL%
EILRTBRIEEIVINAS—ICERLET,

FRIROTST=FERLTHFED NVIDIA* 7—FFIFv—M@IFD SYCL* H—RILEEILRTRIENT
CEER

e -Xsycl-target-backend=nvptx64-nvidia-cuda --cuda-gpu-arch=sm 80

T 72 ETIEA—RILIE sm_50 AICEIL RSN ZHRET7—F T OF v—CEMELEI D, FiLL' CUDA*
HEEDF A FFIRSNBCEISEFRELTIZSL,

FATERSYCL* OAVINTILTSTDOFMIE IDPC++ AVINAS5—1—H—X-<wZa27)Lj (BE) =888
LTLIEE WV IANTDH DPC++ AV INAT— ATV a3V DML T1>57)L°® oneAPI DPC++/C++ O /\A
S—FROYVIN—HAREEXOU T 7L YR DN AV INAS— AT 3> (EE) #E2BLTIESLY,

icpx AVNIS5—%ERTD

icpx AVINAS—IE,. TTAILLT -02 & -ffast-math AFVIAVEFRICTREH BED clang++
B4 N—LDHBBHGCRBEIZITVET . ZLDEE, CNICKD/NTA—IVRIFELLEID, —ED
7TV =23V TIEFEENECDITREMENRHDET . ZDIHBE ., -fno-fast-math ZFEHALT -frast-
math ZERPICLT, -02 LAD -0 ATV aVEEBEITDIETHREBUILANILVLEZEETEERT,
Sreleasedir/compiler/latest/linux/bin-1lvm/clang++ [C#D clang++ RS /\—=BEIEILE)
FBRCETBED clang++ ORBILL NIV EBHETEEY,
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B8y —syraEFOI>VINTIL

NVIDIA* GPU &5 —4"y MCTBREIFTIFRL —EOIV NIV TEBO/N— D7 -5—T VY TEITT
D SYCL* P TUT —avzEMTEET . ROBIIE, NVIDIA* GPU,AMD* GPU, $&U* SPIR* ZH7R—
FIBEEDT/INA R (AVFTIL° GPURE) TEITTERI—FESCE—O/N\1FU—=EKTDHEET
LTWEYT,

$ icpx -fsycl -fsycl-targets=amdgcn-amd-amdhsa,nvptx64-nvidia-cuda,spir6d \
-Xsycl-target-backend=amdgcn-amd-amdhsa --offload-arch=gfx1030 \
-Xsycl-target-backend=nvptx64-nvidia-cuda --offload-arch=sm 80 \

-0 sycl-app sycl-app.cpp
NVIDIA* GPU T7 FUT -3V &7

NVIDIA* #—%"y k@IFIC SYCL* 7 U —2a>& IV I\AILLIED, VA LD SYCL* F/\1R&LT
NVIDIA* GPU ZZIRL TL\DN\ERR I DR ENHDET,

BE . TIAIINEDTN\A R LI —%ERTBEIFIT, MAREED NVIDIA* GPU O 1 DHEIRESNET,
LMW BEICESTIE SYCL* 7 TUT -3V ZZEELT . GPU ELIS—PARILELIIT—RRE,
KDIERETR SYCL* TINNAREL I —%ZRET D EDHNET,

IRIGZT# ONEAPT DEVICE SELECTOR ZFREL T MARARERT /NI Ay ERETDHET SYCL* TN
AR LU —%ZBTEFT HIRIE DPC++ CUDA* ST AV THR—EENDIT/INA ADHZFAI TS
ICIFORDESICRRELET,

$ export ONEAPI DEVICE SELECTOR="cuda:*"

CORBEZHBOFHICDOLTIE, 1T )L° oneAPI DPC++ OV /\A 5 —DFFa X FTHRIEEHL (REB)
SRLTIESL,

DPC++ DUV —2X

o AVF)L®DPC++ DIE (H3E)

e DPC++ BAHAR

e DPC++AVI\AS5—1—Y—X-T¥=a7)L (HE

e DPC++ OVI)\AT—T VM LDT—FFOFv—&5t
e DPC++ BIETH

SYCL* DUV —R

e SYCL* 2020 {1#k

o SYCL* 7HATF=—2BHW (HE8)

e Codingame 153057« 7 SYCL* Fa—kU7)L (55
e IWOCLSYCL* b—77 (3R3E)

o MRl DPC++ BEFEFE (RFE

o SYCL*D&#=a1—X ZBHWM, 70T U OB (RFE


https://intel.github.io/llvm-docs/EnvironmentVariables.html#sycl-device-filter
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SYCL* 7TV —3avnsN\vT

COEITIF, TESTERT/INART SYCL* 7 FUT—23avaT Ny I T BHPOER, £V L ELORT1Y
F—ICDVWTERAELEY,

SYCL* 7 7UT—23VOIRASI—RIF BMEIC C++ 7TUT—3velTTN\yITEEXRIHN  A—XR
TNV TDYR—OY—)LIE =Ty T NS RCLOTEG DA RN HDET

ER: SYCL* 7 U =Y aVITNAUN®HRBE. EBOY—T Y LT NAATIFBRL AV TILD
OpenCL* CPU FN\ARIGE BEGT /Ny IHR— kY —ILE G ET /N1 RATT/\WILEIFSHEH
BRIENHDET,

1>F @ OpenCL* CPU F/\1 ATHFT/IN\vS

15 )@ OpenCL* CPU F/\A REERB LIz DPC++ 7 U —avnF/\wIICD\WTIE T1VFILe
oneAPl OS5 =T -4 RiD'DPC++ & OpenMP* A 70— R 7O RDOT/\vT |Ofi#SRBLTLIE
<A

NVIDIA* GPU LT DPC++ Z{FERLIEd—RFDF/N\vT

DPC++ & NVIDIA* GPU Tl&, cuda-gdb Z#EHRA LT, DPC++ cuda /\WO IV REIFICOV/IAILENTE
H—RIWVEFTN\VITEEXT . 1T IL® oneAPl R—Z-W—)LFVRICEENDB oneapi-gdb WV—ILIE,
177V FOtyvH—nFT /N\vIICOHFFIELTLBTz8, NVIDIA* GPU TlXMERTEEHA . cuda-gdb
W—JLIZ NVIDIA hZ'B5 o> O0—RanNd CUDA* W—)LFv kO—EfTHDRes,. COT/I\vH—%ERT
BICIE, CUDA* A VA= ILENTV B EHERITDVENHDET,

cuda-gdb MFFLLVMEREICDULTIE, cuda-gdb MRF X7 (3REE) #8BL TS,

cuda-gdb T/\YH—ZFERITII—FE2IV/I\(MILITBEERDITZTFERALTT/\VIVVRILZ2E
NI BREDHDET,

$ icpx -G -00 ..

FE: CORETREONDESBFHLGWEIXA Y F—I a3 IS5 —PORBEIS—HRELLES HEE
BRI BICIE, cuda-gdb ZRRENTDESFIORDRIBEE N ERET D EEHELET,

CUDBG_USE_ LEGACY DEBUGGER=1

AYVRSAIUDBDTINYYT

IRV RSAVUNST N\ H—%RENTBICIF, EITHET 7L TROIY Y REFERLET,

cuda-gdb ./myexecutable

FTINYH—ZERTBEHOIARY RERFIAXTVEEINVIDIA DD TUA k- (KEB) 2SR LTESL,

FEE: TN\ Ity avERIRT DL, cuda-gdb I& oneAPI Python* ROUFHICRAT 2 zFaUT1—0
MEEZEEIIIEENHDET . COEBSEZHIBRI BICIE, /home/ . config/gdb/cuda-gdb ICT 7L


https://jp.xlsoft.com/documents/intel/oneapi/download/programming-guide.pdf#page=151
https://docs.nvidia.com/cuda/cuda-gdb/
https://docs.nvidia.com/cuda/cuda-gdb/

cuda-gdbinit Z{ERKL, 1T IL® oneAPI R—Z-Y—)LFv tdD gdb Python* ROUTEAD/\ %R
EIF/NRAUZHTEMT BITEBALET,

add-auto-load-safe-path /path/to/libsycl.so.6.1.0-gdb.py

B ZIE, /opt/intel/oneapi/compiler/2023.1.0/1linux/1lib/libsycl.s0.6.1.0-gdb.py DLKD
[CIEDFET,

26232V ROHELTRICRLETD,

add-auto-load-safe-path
/opt/intel/oneapi/compiler/2023.1.0/1linux/1lib/libsycl.so0.6.1.0-gdb.py

cuda-gdb Z{ERA LTz VSCode IC&kDF /v
EE: VSCode & SYCL* TEMESERIREAEICDVTIF IRDAA FESBL TS,

VSCode TF/\wH—%(FRTBICIZ, RENFIC cuda-gdb AV REFRTBIELSIC VSCode T/\wH—
W7 71)L launch.json ZEZEBITBIMNENGDET . Fe . RELGT /NI VURILDVERSINDELSIC,
BRADAVINAILT ST (-6 BKD -00) H' VSCode 7OV OOV INAILER 771 )L task.json T
icpx AVINAT—\DI\GA=HF—ELTEFEFNTLV DR EEHERBITDVENHDET,

VSCode T /N\w Tty ar R T LD ICEHESINTLBIZEIEL, Shift + Ctrl + P F—%=#Lca< >
R#EXKSRL,TDebug: Select Debug Session]EANLT UARDSRELRT/N\vItyvyarvniEiEs
ZEIRL, Enter F—%#LFET,

VSCode ZEALTHICTFIVFLTT/N\vItvIa v =th

ICICETHROIOTSALAICTINVH—%T7IVFIRIEHTEEFT . T/\wIE1—0 VSCode y—=7F
VNI AEFERLT OY Y RSA>- IOy TRITROELIICADLET,

CUDBG_USE_LEGACY DEBUGGER=1 ./<TheDPC++Executable> &

Shift + Ctrl + P £—%3HL T, [Debug: Start a new session] Zi&RL, [C/C++: Intel icpx build attached
cuda-gdb debug CUDA target] Z#&iRLFE I, VSCode [FETHOTOERANO—EZ#RRLFT . EITrAE
T71IILOBRBITHBIEIND TOEREBIRLET,

VSCode &, 7/\wT YV —JLH\5 cuda-gdb AX Y ROEFEANZEYR—FLTWVWET  cuda-gdb IV

YV REANTBICIF IRICRTKIIC, —exec TLT1ORAZEMTDRENHDET . T/N\vHA—IX >V FE
£179%&,VSCode GUI £O—R/ARILNZNICIGLTEIHEINE T,

-exec list cuda kernels

> -exec list cuda kernels|

1:VSCode 7/\w#Z 3>V —/JLIC cuda-gdb YV RZEEBEZEAN
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A—=RNIA—=RDOFNvT

=RV cgh.parallel for () ICATYTAVFTREIEARETI N, A—R)ILO—RICEET BICIFEE
ATV ITTITIRENHDET,

parallel for AF—CXYVMIE>TH—RIVAFRIFOI—RICRATYTA1VTBHEE, RO cuda-gdb 1
YVREFERALT. EON—RIVERIFALYER (B—XRILIFALYR) EZOH—RILKAOEDITHNIREST
INwIEnNcLa3hEHBILEED, A—RILh\Fa—[CANSNERIENDOTOTS LARAORTL Y &R DI
EDTEFET,

info threads
thread
info cuda kernels

RARZALY BTNy T T A= AZNEANEHMESNORICRIT KIS ICH—RILDA VATV LD
ETINVIT TA—NREA—RIVICHENTERT,

2: DPC++ A—XRJ)LIFF 2 —ICASNTLINT/I\WIT TA—AZANBHNTLD

TA—NR=NDEZBICIE, cuda-gdb AV REFERLET,

cuda kernel <id number of the kernel>

RSN TVBH—RILOEICENY—IDRRSN A—RIVCT NNV T TA—AZANH D= RLET,

TA—NR=PIDEZDE, TN\ H—IFEDDOEITHOI—RIL BIOAL Y R) [CHBTL—IIR1Y L TE
LELEID, TNV H—IF SYCL* SATSU—RDBIDIGARTIELT 2 H RN HNET, COIFE, finish
IRV RZFERLTRYYITL—L% EICBREL, T/ \v H—Z2BROA—RILI—RICRLET,

FTINYH=DF2—0D wait () KAV EFTRARALY RIC—BRRDEFIN, ATV TEITLTLDH—XRIL
J—RICRBFRTHEFRT,

125 )L oneapi-gdb T/\WH—TI&, gdb M set scheduler-locking on F£feld step AY YV RAEER
LT /N\vH—&2OvIL  ETHFOMDODA—RIVICT VI LTI v TTDOEBIENTEET  f2IEL.,
cuda-gdb T/\WH—ICIZEFENOIT Y RHHDFEBA,

CDEIFIGE. TINVH—DBIOA—RILICIDE DL EFIC, cuda kernel id YV RTERODA—
RIVCRICENTEET . T/\VH—%FERLTLWT, BB H—RIL (B TTIL—) honEHD/\UTIC
BBITD L, T/IN\VH—NRELELRBRIEDNHDET NREEREITDICIE. T/N\vH—%EERTLTE
CEILET,
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TORRAZBHETIDRE

FINvTevarvnNIN\I7y LD AShOBBENRREELRIZS. 7075 LA0TOCRITERET
FRTHIAEENDD FLLWTF NIy a VAR TIFIICELETINENHDEFT, TOz DA
BTIX . F/I\VH—BEDNS ki1l AYVREFARALTITOZEHTEET,

Linux* M ps ux -u <1—Y—F> IV REFEARALT ETRO7O0eAE=—ERRTEFI ,—EHNS, 7
O3S AICEOTHBIEND TOERAERDIFEIT , AV RSA /T kill -9 <JOER 1D BFEE>EAN
LFET,

EREEONY I IV FEER

DPC++ B m/\woU TV (OpenCL* ¥ CUDA* 73E) ZHIR—h I BLIICERESNTVDI VAT L%
FRHLTWBIEBE, 79— %EFERLTT/N\vIeyyavzENE/N\v oIy RICEENITDRENHD
CEDBDFET . CNICIF  T/N\Y TV 3V ZRIATHEEIC syct, DEVICE FILTER RIBEHEFERALE
T A—ZFIL ARV RSAIUNB ROV FEETLET,

SYCL DEVICE FILTER=cuda cuda-gdb ./myapp

MPI Ji1

MPI & SYCL* [F, BIRLIZ/N\VOIT YV RBNEADEREYR—FLTVRIBE. Y—ALALRIGEETEFET,
TOT5<—I%,SYCL* & GPU St MPI Z#HEHE T, SXIFLZ/\WI TV RICHIEDT 100% BHEd
BERO— REERTEET . ER.CPU \WIIYV ROXEU—EELHDBPBIEED SYCL* T/\1REINY
TXEU—ZEYR—FTD MPI Z81E9BICIF, KD—RHVGAETH DT /\1 A IEIMPI ZFHTBIFES
NEITY,

MPI + SYCL* O—RZEFRITIHEE . LWONDON\VIITY REBEOEEREIENHDET . COH1RTIE,
DPC++ M cuda F2ld hip \WI IV RICEATBCDOLSGMEBIC DOV TEHFLERBLET . 17 )L° GPU
T GPU X MPI ZfERT S (1level zero /\WIOIVRZEFERTD) IBEOEKRNGEREREICDULTIE, @&
BAVTILDORF XY FESRLTLLIESL,

GPU It MPI & DPC++ M cuda 2l hip NI TV RTERIDIDIIEET, R1T 17 cuda (nvee)
F2lE nip (hipee) AVINAT—%FERITBAELMUTVWET  AVNAIVEERF RAT4T-0V 15—
TEASNBZDBOLIFIFRUTT FHENIVEA—FT VT USRI —ITFHELERA T4 70V )\ 15—
T GPU MI& MPI Z{EBI 2355 F L<EBLIERF XV FESRBRLTLV\IIGE. P % icpx ICBI1TT
BDIF RAT47 AV INAT—FOHL%E icpx ICESTRRD (BLOEETD (F—FF70Fv—EBEF
E) AVINAS— TS T%ZNICIGLTRHAET D) DERLLKLBVEETT ROEIY 3V TlE KDREGEFE
MAEHALET,

12



DEEH

ZCTl&E, cuda NI TV REHR—ETB17)L° oneAPI DPC++ OV /N1 S—NIEEICA VA =)L
HTHIEERIRELTVWET . CONYIITY REYR—ET S Codeplay oneAPl 7501V D1V R
~—IJLASEIC DL T, FoneAPI for NVIDIA* GPU M1 Y A ~—)L1 BB LTLIEE L, £z, CUDA* XTI
D MPI ZEDEILRBHMETI 1T IL® oneAPl V—)LFwv ~ITIE, CUDA*/ ROCm* FEXTIISDAT > FIL®
MPI ZENNTEBLTVBRIENHDET , ZDHE L, CUDA* FibEBRICLTY —AMBEIIL RSN
OpenMPI Ffzl& MPICH, FeIEBUGTINA X705 L —Yav%fEXfz CRAY* MPICH €Y 1—)L1&
ERIDEREFRITDIVENDHDET,

CDHARFTERINTLBDI—RFIE, SYCL-samples UMY ~U— (3E8) URY FU—TCTAFTEET,
Codeplay oneAPl 7541 > T MPI Z{ERH T3

send recv buff.cpp (HKiE) BEQ send recv usm.cpp (REB) 7 d3—-RIg. N\vI7—FklE
USM ZEBRLTT /N1 AN MPI % DPC++ TER I 26l "I AFIT Y TILTT, T /A IS MPI T
NW7J—%Em35[ﬁJwﬁj%kWTP@H@U&b%ﬁ5%%ﬂﬁoij£ﬂW:DUf@\
send recv buff.cpp (REB) U7 ILESRLTLIEE L. SYCL* USM % MPI TERTBICIE, BITXA
VALY RS MPI BB ZEEFOCHITBENSHDET host tack NS SYCL* USM %EIE 9 2 MPI B
HOFOH LOEEIF IRERERTI .SDIC, scatter reduce gather.cpp (RiB) Y 7ILTIE MPI
% SYCL* 2020 US> av B LD parallel for EHABALT BBEbSNEBRGERS > ITH IS
U3V ERRTDIEEERLTCVET,

MPI Sy/\—%=ERLTIY/ITILTS

YY)DV INAILTBICIEZ, AV IS —FY/\— (npicxx BRE) DY DPC++ OV /\1S5— (icpx) &L
B CEBRLIICTIRENDDET . COAETEIRTBHEICDLTIEMPI ERORF XV FESREL
TLEEVERICELSTIE, XY RSV MEFRIFRIEZH (Fl: vpicH cxx,oMPT cxx) ZFERLT, B
BEETICEENIV/I\AS—%2ZEEITDIEDHTEET,

AN, NRICTYIN—DERESNTVD =R LET.

$ export PATH=/path/to/your-mpi-install/bin:$PATH

RICH YTV INAILLET,

$ mpicxx -fsycl -fsycl-targets=TARGET send recv_usm.cpp -0 ./res

cuda /\WOI TV RT TaRGET ZIELLIEEITDHFEDZFMICDOLTIX TEA LT R IZSRBLTESL,

BTN EEFTIBICIE 2 DOSVINRETT RDIARYET MPI ZERLTFZ U —3avEETL
EC

$ mpirun -n 2 ./res

-n 2 1.2 DDV ORERLTTI TUT -3V ERTITBEEBELET . UV TILICEEZMZ DN\
BISVUTHRABRIEZERZRELEVRD, CNIF 1 DO GPU ZERLT 2 DOSVINEfTSNDIL
ISEBLT S,
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https://github.com/codeplaysoftware/SYCL-samples/tree/main/src/MPI_with_SYCL
https://github.com/codeplaysoftware/SYCL-samples/blob/main/src/MPI_with_SYCL/send_recv_buff.cpp
https://github.com/codeplaysoftware/SYCL-samples/blob/main/src/MPI_with_SYCL/send_recv_usm.cpp
https://github.com/codeplaysoftware/SYCL-samples/blob/main/src/MPI_with_SYCL/send_recv_buff.cpp
https://github.com/codeplaysoftware/SYCL-samples/blob/main/src/MPI_with_SYCL/scatter_reduce_gather.cpp

Cray* €EYa—)LEERLTIYVINTIL

—BDOSRAI—TIlE DPC++ LBV TES Cray* MPICH £V a—I)LH\FIBATRETT ., CN%ETTIIC
. BE./\—FIx7EED Cray* EYV1—/)LHO—RSNTVBREEERITDIRENGHDET, IRICH%*
~LET,

$ module load craype-accel-nvidia80

ZO&E, icpx TEEIV/I\MIILTEET @R Cray* MPICH SA73U—%A1V DI —R/UVDTIHE
NHDERT UV ITB5ATSU—IMERT DI SRY—ICLOTERDED, BURRFIAX Y N EESBTD
BENHDERIN RDEIFBDICRBDIHZENHDET,

$ icpx -fsycl -fsycl-targets=TARGET send recv_usm.cpp -0 res \
-I/opt/cray/pe/mpich/8.1.25/0fi/cray/10.0/include/ \
-L/opt/cray/pe/mpich/8.1.25/0fi/cray/10.0/1ib -1lmpi -o res

ROBRBZEHORENVERIZRDHDET,
MPICH GPU_SUPPORT ENABLED=1

ZOBRFEDISAI—ICIGLTERBEEDY ITEEFIRICENDTOT S LZEITTEDLDICED
E3CIN

BEDTNARICMPI SV O%ZEINDHT

B /J—RADT/I\A IS MPI Tld, - —13& SV IDUEEDT /NI A&FEATINEDIH\EEIHTS
BWEEDNREICIENET . CNAEERTD 1 DOBAEIF. 7O S LARNTEREDT VIEBEDT INARICIY
J9BETT,

. DPC++ @ cuda NI IV RTIF & CUDA* TNARICHBDTSY M TA—LEFEET,
sycl::platform::get platforms () MEREINDT Y TA—LDRTILIE, CUDA* /N1 RID T
ER{S IFEN, FIA AT gER &R/ ID N&AICERESNET . CNUEX. T/NARX 0 & 1 BFIHTEDIES. XD
ECTHF1—ENEILITDET .2 TVOD MPI O3 LDT V0 0 & 1 ICINBOT/INARA%ZEIDHTS
CEEBKRLET,

std::vector<sycl::device> Devs;
for (const auto &plt : sycl::platform::get platforms()) {
if (plt.get backend() == sycl::backend::cuda)

Devs.push back(plt.get devices () [0]);
}

sycl::queue g{Devs[rank]};
i cuda TINARIFE—DTSY R TA-LICEENDH, LROI—FERAEITDIHENSHDET,
NVIDIA* GPU OH D\ FIAFIRETH DGR, LNV Y TIVEHETIANEER TEET,

std: :vector<sycl::device> Devs =
sycl::device::get devices (sycl::info::device type::gpu);
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MPI S5V 0%—E® GPU [CXYEY T I BRINTGEIF MPI FOERATEIT cuba VISIBLE DEVICES IR
BT (HE) #E—DEICTDETY, —MRIIICIE, cupa vISIBLE DEVICES ZO—7AJL MPI 5% ID
ERICEICERELEI . O—NILSVD ID ZEUGI B EIF MPI ZERORF XY FESRL TS,

SLURM Y A5 L%ZFBEITDIEE.GPU 7714 ZFT 14— AS> 3> -—gpu-bind ZHFEAHL T,
CUDA VISIBLE DEVICES &EIRDUWRERIRTEFRT . LEL, --gpu-bind ATV IVIFFEIST A5 —
BB THDCH ITAI—DRFAXY FERL TSV GFAICDULTIE, SLURM ORF a2 XU+ (-
B SRLTLEZL,

HIFREIE

o DPC++ Z{EM IS CUDA* WISMD MPI TlE, IRTE/ — FREID MPI O SYCL* #5 USM ZH7R— kL
TLWEEA,
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https://docs.nvidia.com/cuda/cuda-c-programming-guide/index.html#env-vars
https://docs.nvidia.com/cuda/cuda-c-programming-guide/index.html#env-vars
https://slurm.schedmd.com/gres.html

INT AT VX TTER
=482.5]tw

COAACRIZ . SYCL* F7OT0S =T -FFILE—HRIIE GPU ICHBIFBD/INT A=< ADBNDBIREDET,
RIC.GPU TOINT A=V ABITOERE ZCTEHINDI—BHRY—ILZBNLET . mEIC,
NS —EBD GPU EFIBTEERY —ILICDWTRBNLE T, iz, BRIOZEFEIData Parallel C++j (58

—FSNDEEHELET % 15 BETIE, SYCL* & DPC++ ICBIELTE GPU LTD/INTA—T >V RICD
LWCRHBASNTULET,

NVIDIA* GPU & AMD* GPU O™ /5 ICERASN S —iRAYE SYCL* &BILICDOLTIE, T— RIS &iE L 1%
SRLTLESL,

NVIDIA* GPU =5 —4'w MCT BEBDRELICDULTIE, TNVIDIA* GPU LD/N\TA -V X 1258 LT
<fE2L,

1VFIL® GPU BED/\ 74—V A&BILICDWLWTIE . WIST BT TIL® GPU BIED/\TA—<T VR 1
1 RESRLTESL,

O30T

TS5 740w OBy ~E BilliF 7 —FFOFv—ICLD, CPU KDH 1 DD L0ZE/ N EE
HETTE AXEBU—FEBEBHELEOTVET . CNSOBEEIL, J— RFOBRFERRT GPU 7—FF0Fv—
HERAITBRCEEBIRLIEIGERICOFERTEET,

CCTIE . GPU [CBIF2KBETLFNBARIBITDTOTS=Z VT EFTILNEREGDET, SYCL* [
OpenCL* %> CUDA* LRIk TOTZZ VT EFILERBALTED, 1—RIL (GPU ICL>TETINDE
) 1 work-item IC K> TEITINDRIETRIASINFET,

SYCL* {1%k (Rev 8) 1 3.7.2 £fi (33E) TIXRDELIICERINTLERT,

N—RILDBEFTOROEESINDE MV TYVIRERDNERNEIT . N—RILRT1—D
AVAIVRE AVTVIREBRBOEZERA Y FTCETSINEIT  H—RILAVRIV AIE
work-item (D—2I88) EF(EN, 70— /\) id ZRIIT D1V TvIXZEBRORA >
THEHBISNFET . ZNZEND work-item [FRILI—REEITLEIN, J—REBIEIND
T—HADEITINRIE, work-item T 0O—/VL id ZERLTEIEESKRILTDIETERD
ES

SYCL* Tl&, 2 DOEGDIH—RIVETET IV EFIHTEET,
SYCL* {£#k (Rev 8) d 3.7.2.1 0 (%EE) TIFRDLSICERIBSNTULET,
range<N> (N |& 1,2 F£/2ld 3) TEZESIND N XTIV TVIREBTH—XRILZFOH

THALGETETIINEYR—ELET, COBE. I—RILD work-item [FIRIILTETESN
FI . & work-item (£ 17 item<n> DEICEOTHBISNET  HT1T iten<n> IF 5T
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href=%22https:/link.springer.com/book/10.1007/978-1-4842-5574-2
href=%22https:/www.isus.jp/products/oneapi/oneapi-gpu-optimization-guide-released/
href=%22https:/www.isus.jp/products/oneapi/oneapi-gpu-optimization-guide-released/
https://registry.khronos.org/SYCL/specs/sycl-2020/html/sycl-2020.html#_sycl_kernel_execution_model
https://registry.khronos.org/SYCL/specs/sycl-2020/html/sycl-2020.html#_basic_kernels

7 1d<n> D work-item BRI F & N—RILEEITT D work-item OHZERT range<n> %
H7wIHMELET,

SYCL* {1%k (Rev 8) 0 3.7.2.2 £l (R5E) TIFRDKXSICEEIRSNTLET,

work-item % wark-group IC#RB TE S ND-range OETETFIVIE 1V FVvIOXE/ELD
HAVWREODBERMLET, ZNZND work-group ICIE, work-item TERTE31
VTV RERERI LR TTD work-group id BNEINDHTHNET , work-item ICIE, ZNZEN
work-group IT—E0OO—A/L id NEIDHTEND 28, B— work-item |&, 7 O0—/\)L
id, F¥fzl¥O—AJL id & work-group id DEHEDE THBITETET . FFED work-group
MO work-item &, B—DO5EI-y OWEBI=Y FCRKICETINET,SYCL* TfE
&N work-group &, ND-range &IFIENET,ND-range [ N RTD1VTVIRZE
BITHON IE 1,2 F£zlF 3 TI,SYCL* TlE ND-range |F nd range<n> 5 R%&NLT
KRIFASNFT.nd range<n> [F,FJO0—/UbLrTeO—-NILL YV ITEHEEIN, ZNZEN
range<N> A TOETRIRINET . BIC. 1T 1id<n> [ETRIRSNBZ T O0—/ULAZ
Ty RN EETDIEDHHDFEIT N, CNIE SYCL* 2020 TIFFEERTT . 517
nd_range<N> & id<n> [F, ZNZEN N BERZOEHEIITY. nd range<N> TERINDR
EEHIE ND-range T O—/VLAT Y FTHRIAEND N Rah1 Y TvIXZERBTH
D 1 XNFFOo—-/NLL YT . O—hI-LYIH1 XD work-group ICHEIEINET,
ND-range M#& work-item (&, %~ nd range<N> DEBICL>THBIESNET 1
nd_range<N> I, Z0—/\JL id, O—AJL id, 5KV work-group id ZFNT id<n>
(i1d<N> AT TOREZBA Ty L TIH, SYCL* 2020 TIFIEHLE) LLThF=ILEL,
Jo—/N\)beO0—AIL VI %EELT work-group Z8BRMICLET . work-group IC[&,
work-item OZ 00—/ id EEEDFEET id BEIDHTHNET  work-item [CE work-
group EEOMBZDRTTD work-group -1 M5 1 5| W\ eEBEOI Y R—RY MR
F9d0—-1)l id ihEIDHTHENET, DFED, work-group id & work-group AMOO—7
)L id DfEHEHE T work-item M—EICERINFET,

work-item |&,JX® OpenCL* XEU—EFTILICHST 3 DOEBRDXEI—HBEICTIEXATEXT,

e JO—/NILAXEYU—: INTD work-group DITANTD work-item B THBINET,
e O—AIXEU—: F— work-group MITD work-item B THEINFET,
o TTFANR—=F-AEYU—: & work-item TTSAR—LTT,

V=FTOFv—

SYCL* %k TIZ ML TEMETSD 1 DU LEDFTEI=-vV (CU) TEHINBT /NI R%EEETDIET,
OpenCL* 1.2 DEERICHEVETNVIDIA Tl CU &# ANU—=20-2IILFFOtzv Y — (streaming
multiprocessor) EIFON, AMD TIZB#EICETE =Y + (compute uni) EBATWET  ZNZND CU I,
1 DU EDRIBTL A (PE) £O—AILXEU—THEHINET , work-group [FE—@ CU TEITENE
IHY work-item (£ 1 DLAED PE TETSINBIENHNET, —&IC, CU I SIMD FH T work-item D
INSIEtzY b (sub-group ELTEER) #E1TLFET sub-group I& NVIDIA Tl 7—7 (warp) ,AMD Tl&
DI—770V (wavefront) EIEIENE T, sub-group B X& NVIDIA @IFICIE 32 T,AMD [EIFICIE
BE 64 (—EO7—FFU0Fv—MEIFICIE 32) T,
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https://registry.khronos.org/SYCL/specs/sycl-2020/html/sycl-2020.html#_nd_range_kernels

it

H—RIVEER I D work-group 1&, CU 2{KICZAT J 2—ILEaNF T, CORFR T, ZNZNO CU (FANET
LXAYET 1D LD sub-groupHRITLETFTEIZVHCIE BiTEEAERTI2BMGHEI -V P
RN ROy b ABU—REETIO—R/A L7y BHE (EX,. R%. EH, FHRGY) #
EITTBDHBIGITY b Al TRIDITFIRMERE  SFRSFHEBBEOUEIL XY M EENT T METL
XV DR IEER T IBDOICET IR (FOVIS1IILTRRE) & L1772V —EFIENET  L1T7
Y — I BRIEDIBEICE STERBEDFETFIZIE, 0=/ XEU— ;S0 3vpL177o—E LY
A —FOH UICEEANHREWVICAKE L CNIFBEEMNBEE TORLIENHTIFFEDFT,

2=y kE RTSNERIEOBE, ZNEDORT ICET IRBDOLETT, COFRF GROLITY
—%Z 5T H\ BRFICETT DM PHEE NI CETHEHDIIENTEET . CNET,.CPU IFHOvI AR
e LEFTHeLITYY—%R/IMEIBETRAIN—TyhER LSETEELIR.—F.GPU [EL1F7YV
V—EBEIBRIETRIL—TvhEELEITET, CNICKD, CU IE sub-group BTIOVFFR b (LY
A= MBIV I—IFE) ZDT VGBS N TEETEERT . Z0H  BIEICZL OOV IO EEYT
BIBA.CU XTIV FFRNEZEL, BID sub-group DIREEETI B TENDERBECE XY, 7—
FFOFv—ICELOT RARFICEITTED sub-group DERABIFELEDET, EBRICEITHRD sub-group &
EITHD sub-group DERABDLERIFTHER | ELTERESNT T RO THLGRBALET,

GPU IC$5172 work-item DORIKFEITIE, B NIV TERINET,

1. [E— sub-group IMOESD work-item |& SIMD IS CRIEAETEINET . DFED RICRIENEL:
BT —9%EITLET,

2. BIRLEEEKDIC.CU FLATVY—%2RBETDLD, B—FLIFEGD work-group h'BEH D
sub-group ZEERFICETLET,

3. GPU %193 CU I&, B%:D work-group ICB I %, B13D sub-group %=RIFFICETLET.

CNBEDMFIETOMREIL BESINZH—RILD GPU £EE2EY —REICT B +NBRARESD work-
item ZEFoTLV\BIERICTIVERSINET,

XEY—
RO, T4 AOU—k GPU #BH LIV AT AICHE 133 —BINGESR T FERLCVWET L [1] KRR RET

INA Rz, [2] CU 25 O0—/VLXEU—(TIES LET . BIZ X, NVIDIA* GA100 GPU MBEZRE4:DE
EREIERDLDICIHENET,[1] PCle* x16 4.0 Tl 31GB/#, LUV [2] HBM2 Tl 1555GB/#,

CPU CUs
T T
RAM GMEM
host device
X 1
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CPU & GPU BEn#Hs: [1] WAERIRMILRY DICRBD RN HDET . ZDs, MA~ET /A AED
FT—YERREEEEICREIL.GPU LT -5 DB ZRIRERRDMIF TSN EETT el A—x
WOERITEA—N-FvTFTBIET,PCle* XEU—DLS VYUY 3VTELRLAIT VY —%2RBETSC
ENTEFRYT,

GPU OFEGRRHHEL T .CU T O0—/VULXEU—FDFVEEIENHDET [3]. CNIF, ZNE=HELT
BAEY—-IV+O-5—DOHEMRICEDDHDTIHIZIE, NVIDIA* GA100 GPU [CIF, 12 D 512 Ev
@D HBM XEU—-OYO-5—MHNET, CNICED, IOV TP AL CEICKEDT —IEHETEE
F.NVIDIA* GA100 GPU TlF, OV o EIC 6144 EY A TT . el2L, COBHIHBOX EY—%&+2ITE
AI3ICIF XEY—TF I RZEEITDVENGHDET, DED, work-item [FF vV 2 ICRBEFFIETA
EU—TIOCRITBILENHDFET,

Device

Compute Unit

work-items

Local L1 Const
MEM Cache MEM

L2 Cache

Global Memory

& 2

work-item £ 0O—/VULXAEU—RICIFVKONDXEU—REBNHDET U TRIC, ZNEZT IR LA
FVY—EWIBICRLET,

o LIRI—F, T—UXEY—ELTERINDS work-item N\B(ZBEBLGT —I&#IFLET,

o AVARIVEMAEU—IF CUNERTIHHNDEAXEI—TT,

o O—AIXEU—IL CUZEIZHD, Fl— work-group R®D work-item B THBEINEIT . O—HI)L
XEU—F, J0—-/ULXEU—LDHEZETHD, B AINZIITO—-/NILXEU—-DT—5%

FryYaddRHICERTINET,
« J0—/VULXEU— (DDR &Ff2ld HBM) & CU Z#E#HiI 2 AEI—Y AT L%ZBHT S L1 HXO L2
Fryva,
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miE{LDER
B
GPU J—RD/{T4 -V AICHBT 3 ELEREEREOBVIBICRLET,

e ARENTLWEWIO—/ULXEU—TIOERFrvvIahmEITERINDE XEU-70F
AFEESIN . BLVEIHIREHIF CERT BEOHEIF T —F T IOFv—ICFoTEGDFEITN, —
f%IC, R sub-group M®M work-item hNEFRLIEXEV—UEEZ 7 ILERATDI_ETERINFET,

o O—NILAEBU—DONVIHRE. O—AIIAXEY—FERO/NVDICHEITNTED, B33 work-
item N\BEIKFICTZIEATEET, B35S work-item NECXEBU—/I\VDICT7OERTDE, I\
IHRAENRELTRS VYOV avVIETVUTIEENET,

o if XREDFHRPIL—TOREREIE work-item [CED>TERRDRD, EL sub-group ICET S
work-item NEGB3HPEETIDETRADNRELET I HEEDT—FFIFv—TIITDHER
MEMEIN, I\ TA—TVADRFIL T —EFHINTNET,

STEOEENEGNIIRBILOBRIBMLIHENDO>TEETFIZIE AEY— VPOV aVICRLENNE
BEDIBRWXEY—REDIRVEEZTHET , CDBE.GPU Z+RITTERITBICIE X EY-T7IER%E
BETBENEETT . — A XEU— RSP TV aVICHLBEMEED SV EBREIRINHDET,
COBE ALY FORBZEBTSCENBRARIGENHDET BEMEEHEY—F/FMET 5D/~
HOLLRIF REBEL L TERINET,

I = OFE/NMEEBRER) / (U—R/SA7—5DIN1R) [FLop//\1 k]

W=T3512-EFNEFNALT A—RILOEEREZ/\— R 7FHICEEMIFTBIET, I—RILDIX

EU—KFTHDINTEREFETHINERTEELT IN—T 51V EFIIE 2 RuBIZELTRRSN, X B
[CIFEERED, y HICITFENNEREEDRIL—T v (FLOPS: 1 B&HDOFEN N EE) hiRen
9,

A
Peak... [---------------mmmmemo--
0 !
o i
9 , i
T ridge po...
< ! >
memory bound i compute bound

Arithmetic | Entensu :L LOP/Byt...

exiis nat (-‘F!I'll'llZ*

&3
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EBROIV—TSAVEBHIDHFNDOEIA VY NEy = x * B ZRLEI.CIT,B IFTO—-/VUL-XE
U—-2 257 LOFBEIETT ORICKFELR (v = Pmax) [F FMABREREDRIEORKFEN NI R AIN—TY
b (Pmax) ICKBFLET LT AY ENEBIBT DR Y MEUY I RS Y FEIFIENET,

N—RIDINT A=V RIE V=TS 7ICFOyvSNERTIV + (R) TRESNET . x BT H—RILODE
BEERL,y #IFEHIENZA—RILD FLOPS ZRLET, COMA Y ENUYIRALY FDEICH D%
B ZOA—RIVIEAXEBU—KREFTHD,  AICHDIEEITHBEKETT,

afE

A—RIDINT A=V RAZFMIBICIF, ZOHBREER/LET. GBEXRF RDLIICERINDEL
v hORATROHENET,

H§EZE = 7UFT1T1E sub-group ¥ / FUT1T1E sub-group DEAK

7O T4 T1E sub-group (&, CU TERRICEITEINSD sub-group TI, 7707« 713 sub-group DEAEUE,
HEIZYROT7—FFOFv—ICLoTEGEDFTHIRIE NVIDIA* GA100 CU 7—FFUFv—TIld 64
TY,

HEXREZSHBICTIZTOT 1713 sub-group HemAILITDHENGHDET LELEFEIZVROT7—F
TOFv—ICFoTHIPIFERZDET,

o work-group &»7=D® work-item DRAH

e CU TETEINSD work-group DERAE: work-group B1 XHVNSFEBE,CU FT70F71T%
sub-group DRA#ZETITDENTEEEA.

o LIRI—HOHIR: H—RILO—RHEMICIGREL I A —DEREMNMEMLET, I—FE[BR
ICTBTETLIRY—DEREZERTEET .. CNIF, - FEBERON—RILICHEITHET
KIRTBIEDHTEFT,

o O—NIIAXAEU—EDHFIR: work-group B"\O—HNILXEU—HELIT T, BRICETTES
work-group 8HUEDLET,

work-group WMERTBL I ZF—PO—-AIXEBU—NZLE GEENFIRSNDITREERHDET,
d—H—IF, work-group DY A XL BT I ETHERERETEFRT . COT 1 X(F, sub-group 1 X
DB T, 7071 T1% sub-group DEARHBDRHETHIVDENHDET,

B Z £, NVIDIA* GA100 GPU TlZ, & work-item [F&; K 32 EDOL I AY—%FHALCREGHEEER
TEET,

r max = (CU CEDLIRI—H) / (FUT4T1E sub-group DmAH) * (sub-group PAX) = 32

work-item M\ 32 KiBDL Y A5 —%=FH I DHE, CU TRRFICETITTE S work-group DERAE wg max
ETBE O—AIAEU—ICBRILCLIEDNETIFEDET,

wg max = (FZOTF14T1E sub-group MDRAH) * (sub-group TFAX) / (EB®D work-group B1X)

& work-group WM& K 48Kb / wg max DO—IILXEU—ZEDEHTIHER, RETGBERNEFONET,
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ENEBREFBEETIN . NNTA—TVACHIIIREZEDODX I YITIEHDER A 5 LANILOALFIL
BH+21CHD, BL sub-group ICEBI DI LGP ORFETHAETHNIL BVEBERTHLIT
VY—%+RICRETEERT, CNICDLTIF, I55 (RFE) 2B,

EBIC,GPU MINRTD CU #FIHITBHH—RILTEENISTNSD work-item OFR/NIE, DiE<EHRD
wi min t@ljﬂli@y)iﬂ'ho

wi min = (POFT4TIE sub-group DEmAH) * (sub-group BAX) * (cu ) = 262144

CNBDINGA—F—[FIRNTCBFERNVI—DE T —FFTIFv—DORFaXVRCRESINTULEITH,
PLTORICVLKDODN\O—EE GPU 7—FFO0Fv—DEERLET,

— M7 GPU P—FF O F v—DU T 7LV AL EE

- FOT1 T work-item @ work-group @ R O—AIXEY—
7—FFIOFv— LIRS — .

4 sub-group NDRAH =AY =AY = (/XTF)
NVIDIA*S.M. 7.0 64 2048 32 65536 65536
NVIDIA*S.M. 7.5 |32 1024 16 65536 65536
NVIDIA*S.M. 8.0 64 2048 32 65536 65536
AMD* GFX9xx 40M 1024 16 29184 (?) 65536

[11 CORIF AMD 7—FFOFv—2MRICERASINET, work-group ' 1 DD sub-group (Bl ZIE 64
work-item) DHTHDIHE . CU &HIzDD work-group ODEA#F 40 T,

NVIDIA* GPU (154, NVIDIA* Nsight* Compute (358) [4 AT EMERELTHD, B LD SEEN
EQFDICFTESNDINHIMTDDICRIEET IR TI N, NVIDIA* O spreadsheet (REE) THREIERD
BEERIRM T B ERLTVWET,

INT A= R @EF

INTA—T YRR RBIIRDR AL TT EMREIL VI EFEBLTT IUT—Y3 VD) T4—
IV AERAMELRRILRYIOEREL T, ZNEZWE LGNS, COFIEEZEDIRLET . ZNENORENE
¥ MEIFREODNSEN oI R RILRY OISR BZENHNET,

HIBET. 7 TUT—YaVDHIRERE B EA T, ARERIS W/ T4 —< Y AEEET LN E
BT, NI HRERIFIIN—TSAVEFIEINBDZEDHHD . 7TV —avoBm toE—2- )\ T4 —
TYREFALED ZO/NTA—T Y RAICENRIFHES\TO B EHIE T 3DICRIIEET .,

MBEDEITIE, BTy —)LERIRERICDWVTEHFLUEHALET,
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https://www.nvidia.com/content/GTC-2010/pdfs/2238_GTC2010.pdf)
https://docs.nvidia.com/nsight-compute/NsightCompute/index.html#occupancy-calculator
https://docs.nvidia.com/cuda/cuda-occupancy-calculator/index.html

Rt DB LR

T A=V RABMITERSNDY—ILXTOT7 71 S—EBFENTT, TOT7AILEVWDAEFLBL
BIREBRTERSINET, TR /NTA—I Y RABERICERSNDY —ILOBHE VWS BIRTERLET,
BED/NTA—I VAV —)LOHRATIE, LOEBHNGERTERSNBCENHDET,

T A=V A KEKF B THL—REY Y TU Y TICHESINE T FL—RIF T TUVT—23a>vD
EITHIC 1 DUEDARY ENRETBEVICERLET UV TUVTIF EITHROT TUT -3V O
B EHNICAEL T ZOREBELRLETSEEICHELET DIV LTIE FL—ATREDT - ER
SNBEAREMENGHDET BV TIVITR BV TI YV IREREREI DL TCT—YEXHIHTEET.E
fReR<TDET—FEIFHDTIN, BV EROEEZER TSRV ENDBDET  EE5DURINER
FHDFERITH, FL—RERIFB Y TIVTOVNITNHVERITHOT —YEREMBHEDOEDIIENTEXT,

EQBRITY—ILTH, ERINE 2 DOZENHDET,

o A—N—AYER:YV—ILNBEOTOTSLOERTHBZENSVBIMSESZNERDLET /N
TA=R VA=) A==V RZR/NRICHZ D ZENKRDONET 2L, A—/IN\—AY
FOEMEZE+2ITERLTVBIERIE T —IZERI BBRICTNEMETET I AIXIE . HBY—
JVFT—FD GPU ETHEETIFXERGERZRML, CPU RITHEETIFETREANRIGDET,

o THBEMSINBT7IIORESERLET . T—IENZLE A—/N—AYRDEBMLET,
TR AREGHAT 5y HIEREIRET FICHAT -5y b ERRIBROUE-FITY
ICHENT DIEE ., BUWEY — )LOREEICOEENHDET,

AT LLRNIVOFT

VAT LLNIVOBRTIE B—/—RERIZEGD /— R EOTOABOMEER. 5LV CPU & GPU
BOMEERZRAETELET,

BHEDO—o0O—RICHI1FS CPU & GPU BOEEERZREITT DDIFHEE R ENHDDERT N VT—IE,
CDEOBRENEZIBIBEHEL—RAY—ILERMHITBIENHDET . ZNBIE XEU—-EIDHT XE
U—BRiX, N—RILOEE), FHIGE . GPU M APl IFOHLDI A LR Y T BB %#EFRLET . CN5M
W—)LICIZ, U TIEOBEDO T 1 RIILEBRREDRRILRY I R[ENICTHET BRI LTSI VRRIE
FEFNFT,

PKRICHL T, 0S DA—FRILEL—XR (Linux* ftrace 2¥) ZERL T, ZNEF7 TV — 3V NOETICHE
B FBEERI T, CNICIE, root EIENMEICEDET N TA—IV AORMEICEET ZH—RILDT
ITF1ET4—HIBRBETETHRVZRIE. BR/N\YI7—%2FHITIINTH 0S 7IO71EF7r—%=L&L. /N
TA—VX YV AOBBENRESNEEZICT IV — a3V OFIETTN\Y I 7—%5 Y T3 BEEFNTT (B
ZIE 1 LTy T EERFEPCFARELDDARRICR<ODNDIES). BR/\Y 7 7—ICLBDFEF, +
L—Z:F7—=5ARU— L2 A%LFITIRICIRAMBVEEICERITY,

DT TVT—23aVDRT—UV T BEXvE—I I\ VT AV =T 1A X (EFE) =EH) IFFEIC
ELERT, —MRICERASNBDRT—UVTICIE 2 DOEBNGHDET  MABRT -V T3 BEOY 1 X%
—EICREMPI TV OOEOMEMT BDICLIEh > TEBRFEZIELER T BUVRT—-UVTIE MPI 5V
DOYICLEBIL TREY A X2 KELET,
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https://en.wikipedia.org/wiki/Message_Passing_Interface

BAGRAT—UV T EKDAEIERETT . Z<DIBE. INTD MPlI TV0%EEI —ICRDDICHRIET—
IHBHDEBAMPI 7OT71ILY—=ILZFALT BREBIEDTVITAI—T#ETL MPI Z7O7740
BRI DCENEBRTY,

BICKRELGRT —UVTTIE, Z01FH\D MPI OBEDUIFUIFFRELFT UF T3V RIEIE 1og (V)
[CREEBILET . OIS NSRU ST T 3V BIE (ANS—MEND MPI_Allreduce IRE) [F,0S [CKD/1X
DEEZZITBDARMEDHDERT . Ry FD—IONRMTDAREMENDHD 2o, KREGHBEIS XY —TIF
AV Y —RAY MEECORBEZIDARMENDDET  BHBRRT—UVITIF AvEE—I P XIF
BE, SYIENZVIFENSLIEBIH MPI LT VY —NSBICEEICRDET,

FREX, 7TVT—2 3V OEHENARIER/ — FE/MRIER ) — RTERITSNBBEDEV EFRTILE
NHDETBEDLSIC MPI TOT 7MY — I ERTIE BEDEVZIBFETDIDICHRIEET,
A—=IN=AY FDELY —)LIE, KRRIERT —ATIIFICEE T,

A—=RILLRIVOERR

H—RILLNILOERTIE, GPU B—RILOEFTICEPSINEEREE, BAD GPU A—XRILDINTA =
RITFBELFET,

RIQEITHALLY —ILIE BE R/ X -5 — BEEH NW—RITHESNLEBGE A—RIL
RITTEOYRU—ZERLET. 7 TUT -3V OEETRREIE, CPU ORBRREIE GPU OEERBOAET
ELTRBEDHONBIEN'EL GPU TORBRREIIN—RILOETHEOSGFHELTHRESNE T CNIC
&0 . GPU N—RIVOETRHBZUET S LT, ERTENLITHRESNSINDDNDERT  ZITHA—
N=3vTLTWeD, T—9DEEREANRWESF, BICERTHDEIFRDERAN, ZERAIE LTI
BT

A—RIDINT A=V R%eF LSBT BICIIUNTHBETT,
o N—XIOYV—RI—F=zHREA
o A—XRIEAIFICAVIAIST—NERTETEYTI-SEOREE
o N—XRIVEFTHON—FDIT7 - IN\TA—=I V- XUV IDYNE

TEVITU-EBEERTDHEIF. IV/IAS5—E GPU [CLoTERDET FFMAICDVLTIIURETIHAL
FY.

CCh\BlE, GPU (Z<LDIBE CPU [CHEXY) THRAMREGXARIvOE ZNEZEBIRLTINTA—T T A%
WETDIEETEATET I —MUIGFEICDOVWTHBELET . 2155 GPU @ITOFMICDOLTIE, ZOR
FaXVOEBFETHBLED,

BER GPU XKUY

L—hXRUyS

7TV —3Uh GPU ZERT 0L, FIBERERETEYY — A &IBDP It T BE STERIL—Ty

b, BAIRFRESEDICAIES NS EE M TRSINET L FIX L EREZFE/ N EREOH/M,. 32 EvHE
HEEOH/MIRETIRED GPU TlE, CNSOE—JENARSNTULET,
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ZLOBAE. T7TVT—23avOE—D-NTA—IVRIF FFABEIVYV —X BITXA I AEY—DPRITYF
INY R AEBY—RBESHIEBXEY—HEIH) \OF7 I RICEOTHIRENE T, CCICTHE—IENHDFET,
BIZIE, XAV A —OFEHREI, BAURFREHEDO/N\ A MITRIRESNET.

MRDIL—=TSAVDEIFETIVCTIE, (FHDUY —RICELBHIR (—HITDHDIF XA XEY—DFI
18) ZZBLC EMTREBIHBENTA IV RAZEENULELDELET  7TUT—Yav i EtEMHNDX -
Uy IOTE=D-NTA—IVRICELTVWBIGR E—IJF BN T2V RZERKTDEIFTEERA.
CNICED BAREF. 7TVT -3V TERARELBE—T- I\ TA—IVRCETZEHREFDIENTE
FY,

FIAEANUYD

BEDUY—ZAPHEEIZY bNENLITEY —THINEMBDIFBEATI . COFARX NIV IIF L—
EXRUYDEFEGDERT VY —ROFARNGTH, E=T-NTA—IVRICIFEEWVBENHDET,
1 DORELT AEY—- T IR NI=U DRI —RBA—RILDRITONET ., COHBE, X EY—FLEIE
NE=ONSHNTLWTH XEU-2Zy FOFARFIIERICEGRBIIEDHDRT  FARA UV I,
W= 314V EFTILTIFASHIESRVR BILRY %IRRT DOICRIEET,

BE MARXRIYIRIXEYV-DAZYEFEIZY R THRTEXRT . e, FryavO—NILAE
- BT OO7—FTO0Fv—JOvITHIRTERZENHDET,

)

AIIRDEL DI, GPU [FFRED work-item % SIMD (B —m R ERT—5) XA TRKICEITTIERDETE
JZwhk (CU) THBEENTULERT,

MREIE, BE—0 work-item ICH L TETITIREZRABRLET . AV/NAS =, COI—FZEBHD
work-item %ZERFICAIRT DM BICEIRLEFT . & GPU ICIE, sub-group B XEMFEIEN D, ARFICETS
N3 work-item DR/NENRA T4 TITRESNTULET,

HHB (Divergence) &, B2 work-item BNEED/\RAEREDETRELFT, Z<D work-item HY4FE
DB P TRITINBBE. VA S—IFAREBRINTOD/ADEHEDEEZEL TCHPEERTINE
DNHDETNFEDM R TIETIT 1 T7x work-item [FEXNITIEDET, TNICKD SIMD L—D—ELH
FA=NGZLe) FARFETLET,

GPU [IEBEAIEIT DA LU OERML (BE, sub-group CT&ICT7 I T 1 TR work-item), R1F 17D
sub-group U1 XL LB TEET,

SEES

GPU O GBFHICDVLWTIFRIRLELRED, CNIFBEICESE FEDH—RILTERRICT U5« T3 sub-
group M &, 70T 1 T13 sub-group NDER LEORAREDILETY , GERIF, N—RILHFIF AT &
ADUFEEENKBUVERTECVSIHERREICRITEHEETY,

—E8D GPU [Tl EROHEXRARETB/\— ROz 7#ENMEn>TLWET B to5EXE, O/«
Lenfeh—xILE/N—ROz707O/\T1—h\B:stETEET,
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HE/NSAX—5—

H—xF, Jo—-/N)bLrTeO—nILL VI TRRElaNET . #EF work-group O+ XTI, work-
group OB A X[, sub-group Y1 ADBHTHIVENHDET, ZDsh, JO0—/VLEED A =D
EIFD, JO0—/VLEEY A1 XHD work-item ZUIBLIEVESA—RILICO—RZEMTDHENHD
F9,

HEXREWEITDEH IFED GPU /\—RTx7® work-group Y1 XICHIFINERESNBIZENHDET,
CU gL HFED GPU /\— Rz 7 ABh\OEEMDH DI O0— /LY 1 X% RBIRT I EHERL
BAENGBDET . JO0—/VULeO0—-AILOBES A XZBERGH A XICEDEIRENGRL /\—RTTT7IC
BRIDELIICEBIRTETET,

IARTD GPU F, A—RILOERENC EICEEDREN /NS X —5 —%ERITDIXN AL ERBLTULET,
ZNniClx. Zo—/\ILBL0O0—AILBEEYA X LI RI—H BLoO—N)L- XE'EY—HALXREDH—
R TOINF1—EENET,

NVIDIA* GPU LDINTA—TY VR

COEOY3VTIF . SYCL* TOJ5=ZVT-EFILOIAYTHFARANT NVIDIA* GPU 7—FFOFv—&
BETD/NTA— VY ADEREIEZHALEITNVIDIA* 7—FFIOFv—EBD/NTA—Y >V XICEHTD
RAMOEREFIEICDLTIE NVIDIA* DFFa X (EEE) 28R LTS,

F—FFOFv—

ER: TTTIE, CUDA* & SYCL* BB BN LEERLTLET L FFLLEHEBIC DL TIE, ComputeCpp
MDISYCL* for CUDA* Developery (%58) #8RLTLEE L, f212L, ComputeCpp M RTIE SYCL*
1.2 DHEHNIN—LTL\BIz8D, SYCL* 2020 TEA SN USMIRE, LW DOH\DEBIRHEBEIC DUV TIXERRA
INTLEEA.

NVIDIA* GPU OEAXRSFEIZY I A== 0-QILF 7Oy Y —FzlE SM EFIENFET . SM (&,
32 fEld work-item THEM NS sub-group ZE1TLET.NVIDIA Tl sub-group & D—=F (warp) &
FATWET  work-item ZETIT DIV TAT1—IFAL Y (thread) EIEIENET,

work-group (&, ALY BT OV (thread block) £IzIFHAAL Y R LA (CTA: cooperative thread
array) EFIENET, CNICITBEOHRANBEHINET,CTA [FEL SM TRKFICETEINDZEHMRIE
SN, SYCL* O—HILAEU— (CUDA* TIIEBEAXEYU—) REDO—HILUY —2%ZF A TE, work-item
BICRETEET,
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https://docs.nvidia.com/
https://developer.codeplay.com/products/computecpp/ce/2.11.0/guides/sycl-for-cuda-developers

PATRIE, NVIDIA*/CUDA* & SYCL* DRFEEDXILEER T,

NVIDIA*/CUDA* SYCL*
ARY—=5- QI F Oy — (SM) (5B Zwk (CU)

-7 sub-group

ALyk work-item
Alwvkr7JOvo work-group
BARALYRFLA (CTA) work-group
HBEXEU— O—AIAXEY—
JO0—/VLXEY— JO0—/LXEY—
O—AIAXEY— TIAR— - XEU—

work-group B X, sub-group B4 XM 32 DEHTHILENHDFT, B work-group B1 X,
GERERATILIITBREIN A—RIVICL>TERASNBIUY —RITKEFELET . 1k 1024 %
BRBElFHDFERA,

NVIDIA* GPU Tl&, T/AM AT I — sycl::info::device: :sub group sizes M\ B 32 ODE—FEXK
ERFONT IV ERLET,

work-group 4 XZEIRL D, JO0-NILPA X2 BRLEFT . JO0-NILB A X%ZETE
AZVYvhrHOBRHICTDIE BEFDPRHRICBRIDIENHDFIT . T NARXOT U —
sycl::info::device: :max compute units [& FTEIZY O ZRLET,

RIT, ZNZND work-item (A—RIL- AV RAIVR) hNEEOEBOIEE TEET BLIICH—RILO—F
ZRRLETREN/NGA=5—F BT A ZCHDDDIEL N=RI 7 OLAT7 I CEDWTCHET
CEED

BIRIEIRD SYCL* —RIF N=RIxT7 LAT7IRCEDVWTEERN/NS A= —&EREL, I—RILAD
IW—TTRIEY A X%RELET,CUDA* TlF, COFITOREIN—TIETYY R SSA R (grid-stride)
EFEINET,

int N = some big number;
int wgsize = 256;
int ncus = dev.get info<info::device::max compute units>();
int nglobal = 32 * ncus;
cgh.parallel for(nd range<l>(nglobal * wgsize, wgsize),
[=] (nd_item<1> item)
{
int global size = item.get global range() [0];
for (int i = item.get global id(0); i < N; i += global size)
ylil = a * x[i] + yI[il];
)i

SM
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NVIDIA* SM (£, SM B 7-/\—F 133> (EEE) EIFENSD 4 DB T OVIICHEIINET . ZNZEND
D—J3 ERBRAEATE—Y 7 N\—F1YaVICEELEFT . D—THEILET e \— ROz 70—
AT 15— 3 FENTETTVBRDT—FICRAIVFTETET . CNIE LWDODTHEITTET R +0EEHD
D—HhMETHDICEZEBKRLET UET /\—RFRIx 7 XN OEFERLT,. -7 AT T a1—5—D
WEER S— VR ZFHE T 25552 BN LET,

XEY—
XEU—=[CIZWLKDODDREENHDET,

e SYCL* /O—/NJILAEYU— (NVIDIA* O—/VLXEU—=) (ET NI ALEICHDETH, —EFD
JO0—-/NIL7RLRIE HRRARERIFBIOT/INA R LEICHD CUDA* YR—I RXEU— (SYCL*
USM Z2{ER) #8RIBIEEDHDET. INTOITO—/VUL XEU—TIERIE TRTOD CU T
HBEIND L2 FvvYVazRHALFIT  N—RILOEHFBEFROHFFZHFANSNDI T —5 1L,
sycl::ext::oneapi::experimental::cuda::1ldg B ZEFEARALT CU C&m L1 Fvyvia
ICECBT DN TEEYT,

o SYCL* 75A4NR—Fk-XEU— (NVIDIA* O—AJLXEU-) X FED work-item h\BDHT7 IR
TEFEIMN, JO0-/VLXEBU—-ICIYTEINTUVBH. 70—/ ULXEY—EHBLT/INTA—T
VA EOBMAMEIZHDER A work-item CEICRLC7 RLRICYYTEaNET, ZNlEk, work-item
299D LI ZRI—RE I BLOZDMD work-item OO—HILF—FICERASINET,

e SYCL* O—HJIAXEU— (NVIDIA* H£EXEU—) IF work-group TIERTEFXRT . JO0—/ULXE
U—ELDHBIFRHAL L7V Y —DEHESNET, SYCL* O—NILXEU—ICIF 32 /N ON
HDFEIT  EHITD 32 BV hD—RIF BGD/N\VOICEIDHTENET,

o SYCL* HEXEU— (NVIDA* YR—I RXEU—) [ RALXEIFTZIOERASNBEEDT/I\AR
(LERDTO—/ULXEU—DFHAZSRE ) ICRETEEXRIT . MALET /NI RA[E, FlFT /N1 RE
FTINAABTOXEY—DBITIE. TVIAAICF>TERINE T £f2L, 2—H—I[F SYCL* 2020
API @D prefetch Y mem advise ZTLCEMEZEFHIHT D/ TA—T 2V ADE Y M EIEETEFT,

NVOHRE

SYCL* O—AILXEU—A® 32 /\1 I float BBAINICTIERATDALSAE 1 DI —THZEZZTHTLRES
L\ TAID sub-group Tl&, work-item 0 [FECFIEER 0 [CT7 I AL, work-item 1 [FEEFIER 1 IC7 0t
ALFET . DFED, sub-group £IRE LTERIIEE 0:31 ICT7IERTIRH, I\ IRBIFRIDELA,
—BINWN—TDARSA RN 32 THDIFE, work-item IFEE 32,64, 96,... ICTF7ItAL, sub-group (&
32 EXENG 32 OMNEBICFILEAT RO MRELT 32 Jz1O/N\VIRENRELET . NI,
SYCL* O—HILXEU—OFEEZ 1/32 ITHPSBET,

Volta DT LEYF—3Y (HEEE) TIE, RASTMR 54 h\5 72 THEXEU—/I\VIDFREICTDOLTHHDA®
I<ERILTULET,

NV IFEBEMETD/N— R I AUV IRHDET,
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https://docs.nvidia.com/nsight-compute/ProfilingGuide/
https://on-demand.gputechconf.com/gtc/2018/presentation/s81006-volta-architecture-and-performance-optimization.pdf

O—A-XEY—H1X

FIAIWERTIE AD—RIVFEFALY RTOvOHEED 48KB 0 SYCL* O—AILXEU—ICHIRENET,
EDREBEDETCEYR—-—+TSBTSYv T Ar— L (Compute Capability 7.0 BLEE) Tl&k,
SYCL_PI_CUDA_MAX_LOCAL_MEM sIZE IRIEEHZZIDHTHEKR/\AFRITREL T BHRHNICBRICTS
WENHDFET sycl::info::device: :local mem size [FIRED SYCL* O—HNILXEU—DHRAE
=RLET,

Compute Capability 7.0 PABETIE, SYCL* O—AIILXEU—& L1 Frvvyald MEBHICRACXEY—51
FICRBENET . DFD ZENOOEETEIEEBTHIEZRKLET . ZDRH, REOHEXEU—%E|
DHTRE FIBTEERDR L1 Frvyanfi@/hL TN TA—T U RICRHET DA EEMENHDFET,

E&: Compute Capability 7.0 BEQA—RTIE GIRDELDIC L1 FyvaeO—RAIILXEU—IF/N\—F
DI7ICEOTHEEINTVEIT HEXEY—F TSIV TA—LABEEIC L TERED T A XICHETEEHT
M L1 ICIZZDESHRIMEITGL BEEE (h—T 77 heEENET) LHVFIATEE A ZDMRD, O—
AIAREU—DLBLEINETRE, RSC/\—(Z L1 ZFIRTIRDN—T 7D MEICIDE X D] 8N
HDFET,

MBOESC XEYU— 9 TEHOADERFETRICEFSAN-—ICE>TITONET,
sycl::local accessor HERALT . EDHETHONEEBOXAEY—SICEDVWTRELET,
ZDTesh, sycL_PI_CUDA MAX LOCAL MEM SIZE ZBEICKEEELTH ERLELE L1 Fyvad
BICHEITILIIHNFERA.

$FED Compute Capability ICXITBDNOSOBIEfEIE, CUDA* C 7OTS =T 1A R (%E8) THERT
FEINVIDIA* TIE TLT FvvIa,1&TFORFv—Fvvya, EVLWSHENBLEKTERINDZE
[SEENMETT,

XEV—-ES

£7323 work-item [3BE, JO0—/ULXAEU—ARADEGZDINMEICTZIALFT . ALO— B ADFFED
sub-group TPZIERAINBT7RLAM, FvvyaS1VORLEY L THBIBE X EU—VRFAIZR/D
HOTO—)LAEY—ADOT7IERERITLET . CNUIXEBU—BEEEFIEINET . COERIE BiETD
XEU—NEICTI1EZRXTD work-item [CLO>TRBICHETENTEERT . T—HHEER 32 \THER
ICEEEBITDET N TA—TYV/R%ESBICEETERT  BET7 IR/ REGERA RS RICEL>T HGMICC
NeEHRETHDI_ENHDET,

=IED NVIDIA* GPU Tl GRS NeF vy 2EXEBY—Y AT LZEHEA TS, JO0—/VUb-XE
U—-T O ANERSNB AL E<RDET BEDREICEFR/N—RITT7 - AUV INHDET,

Fvyva

INTOGPU ATV HF L2 FvyvYazHBLET L2 FvyvYVal3MBT7 RLATT 7EASNET . N
ICIF, T—FRERaETO—/LT7 v (ZEVNERINERE) OREDEENET.

& SM [ICIZ FBHOHEEEICERIND L1 FvviahdmDERT L1 DRIL—Tv R INTA—T A% HIR
ITRERICIEDCEDHNET,
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https://docs.nvidia.com/cuda/cuda-c-programming-guide/index.html#features-and-technical-specifications-technical-specifications-per-compute-capability

afE

NVIDIA* Tl&, REFICT7 71 77% CU #7z FIARgERHERA CU HTESBbOZABRELTERLT
WET SIS, BRI ENBE GPU FIAEERN LD NTA—I VAN @ LT BEENRFINET.
BRLEOABRIZ/N—FIIFOFIRA—RILTERESNBIL IR —H BIOAN—RILTERTIND
HEXEU—DEICLOTRESINET,

B EDOEBREE, work-group 1 XERFEDH—RIVERENT DI\ SGA—F—%RETDIHIRSIVE
EDEINVIDIA* Z7OT7AU T Y= )UIE REMESNDI—RILCEDEBEO SEXREEBR LOLHEEXRE
RLUFET, ETRFIC work-group U1 XZZEL T ERERNYFIY—ULTEHRER work-group 1 X%
BIRTEFIT LN, O—REETIDELHLEBRNEHEROHAEFAI D EHTEFRT,

NVIDIA |&, A S5 4D spreadsheet (&58) ZRMLTULET, AR ICIZIEHLEZETI N, NVIDIA* Nsight*
Compute ODEHEXREIVYVIVERUBEZRBEL BREOGERNEDLSICRESINDH\E
BRI DIOICRIBET, 1D NVIDIA* Nsight* Compute (%3E) ZFHA I DD HREINTLET,
NTA—=IVRA-Y=IL

—M%IC,NVIDIA* ht CUDA* [IF TR T D INRTD/NTA—T Y XY —)LIE, DPC++ CUDA* TS50 1 %
FERLTSYCL* 7 TUT—aryaY—LLRICAIBLET,

ZOEITIFE, ZNBDINT A=V XY= )ILO—EEBNLET,
NVIDIA Nsight* Systems (nsys)

NVIDIA Nsight* Systems (#z8) I, AV RS1>Y—)L nsys & GUI nsys-ui #EATUVET . EHBIC,
NVTX (&FE) FL—RSA TS U—%7TUT -3V TERLT, nsys BiTOXNREIFHZHIRL, 777U
T—23VEBDOANRY N nsys BITICENT 2 ENTEET,

BEARNGEWNS
$ nsys profile <command> <arguments>

COOXYRIFIEETDIVY FEERB5IMTEITL. T 74N RETTOT7MILEITVERT . A,
NVIDIA* B BDRH CTLIN—E T 71 ILICESAENET,

nsys IV AT LALBREERITIEITTEFEL TSV, TV RIHMAITH>THEBLERAN, nsys [FHIC
IV REREUCERERAL, OV R TIB3ETERERITLET.

$ nsys stats <report file>

COIAXVEIF LR—=FT71ILD\S sqlite T—HIR—RZEH L, T—IR—ATLKODDLIR— %
ERLET, LIR—FICIE, APl OFERIRR, GPU ICEEETRIXEY—TE— LV GPU H—RILDFA=
VORBRENBENETTBERIFTIAIL ATV Y —ILICHATNET  LIR—b%& csv RO T 71 ILICESE
REATYavdbHnET,
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https://web.archive.org/web/20220616071017/https:/docs.nvidia.com/cuda/cuda-occupancy-calculator/CUDA_Occupancy_Calculator.xls
https://docs.nvidia.com/nsight-compute/NsightCompute/index.html#occupancy-calculator
https://developer.nvidia.com/nsight-systems
https://nvidia.github.io/NVTX/doxygen/index.html

nsys-ui AV REFEALT LIR—kT770)L% GUI THRAITDIEHTEERIT . CNICIE. O—-NILEEIF
VNC OELSIRUE—k X Ea—T7—&NLTERSNLETA AT LADRETT LIR— T 71ILIE . Sv S
by FiREQO—RNILTVVICBEIL T, 2T GUI #ETTEXFT LIR—bT771ILIFIERBICKE LGS
AIREMED DD ABDAEY—RBETIBANDHDET,

77U =23V T NVIX 7/ 57— 3V =HREMICERL, DNV RS V5| 8%EMISI LT, Lik—k
YA XN BITO—070—%2MBICTBIENTETET,

LR—FIF JSON XTI O RIR— I BIEHTEXRT, CNUCIE, sqlite T—IR—REFLT—IDEF
NTVERIHN, SQL ZRIML TLWVRLVHEREBICHBTNE S TI,

NVTX 7/5F—23>

NVTX (&, NVIDIA* DYt D1V ARILAV R API T INTA—T VA —)LTHRSNET, 2D API 1E,
nvToolsExt.h ZA VI —RIBIETHARATEEXT . S1TSU—DUVIREIZIREHDEE A,

NVTX (&, KIREZT7 TUS -3V TAFDHD NVIDIA* W—)ILDOFT—FIREET7 TUT— 3>V DOEED
ERICHIFR T BDICHIIBET,

NVTX [F, 7/\ 1 20— R TIFEL RZA D= FOBRIEICOHFIATEDZLITERLTLIZSL,
NVTX DEW S EHEEDZEMIC DU TIE, NVIDIA* DRF 21X~ (3REE) #BRL TS,
NVIDIA* Nsight* Compute (ncu)
AIDEITIE, NVIDIA Nsight* Systems (nsys) ICDUWVTEREALE L7z, NVIDIA* Nsight* Compute (ncu) [,
GPU N\—RIxz7DNTA—=TVAITGEETIZIEY—ILTT . ncu ZfERTDE,NVIDIA* GPU THIEH
BERN\—ROIT7 AT VI—ICTORATEBIRITTIE FEDH—RILD GPU ZEDREFALTLD
WEBRTDDICERIDBRIEERSINLCEBINSA T (B0 a3V e ENET) ZHBDENTEFT,
ncu ICIF GUI lRDY&GHDFETHY, ZTTIE nsys DERADELSICOAT Y RSAVEVWKDHDRER D) T %5
FHLZEI . ncu CLI [ICDLVTIE, https://docs.nvidia.com/nsight-compute/NsightComputeCli/index.html
(KFE) TRHEASNTULET,
ncu A—/\—AvEk
ncu l&, 77U —2 a3y OERTEBEZARICIEINSE T EMENDDFET, LWONDREANEZISNFT,
o EBESNEARIYIEINETDEH IBEICIOTIFN—RIVEEBHEERITTIHENDHDET,
o —EBOXRUYITIF A—/IN\—AVEREVWA—RILDONAFU—AVZAIAYF—=3 7N
WEITIENFET,
o BE N—RIDOEFTIFVVU7IbEND6), AFETEMETLET.

FHAICOVWTIE, THh—xRIL-TOT7A)L-A1 & (EFE) 2ERLTLIZEL,
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https://github.com/NVIDIA/NVTX/blob/release-v3/README.md
https://docs.nvidia.com/nsight-compute/NsightComputeCli/index.html
https://docs.nvidia.com/nsight-compute/ProfilingGuide/

REMETTDE BE  NETOERZFHIRITZLENDDERT,NVIDIA* TlE, CNITTTLTBL<DOHND
BFEERELTUVET,

e nsys MEITHALIEELIIC NVTX 2FERLTT7 TUT—2avEAVAMLXY ML, neu [COTY
RSAAT3Y —-nvtx BEXD --nvtx-include Ffeld --nvtx-exclude ZIBELT HFE
D NVTIX LI =EDHINENTINEERLET, RAXIVADL VI EIBETDHEXIE, nsys &
[FFETHBCEITTEFELTLES L rangefdomain TlF%E< domain@range EXENET , ncu DIEX
FIEBICEETINEMTI . INVTX T71)LY—IE ) (REB) dtzrYavyaSRL TS,

e -k kernelname ZIEELT B—N—RILOT—IDHEWNELFT, 1—RILZICIFIEREKXIRZF
HTEERT,

FE: C++ 1—H—I%, --kernel-name-base=mangled ZIBELTI VI ILSNcRAI%#ERT
BEHTEET,

e --launch-count & --launch-skip ZERAL T REHRDA—RILOEEEIRELFET,
FRIFEFEDETERTEET,
wovary
ncu ICIE, B0V a3V EFENZEFERSINLEZHOA UV IOEY M HESNTVWET . SEIV 3V

FFHFEDNTA—IVRICEHTDRMEMRRTDDEXELET (Bl: 7TUT—2aVIXEY—KEFTH
B\ 1RE),

32


https://docs.nvidia.com/nsight-compute/ProfilingGuide/

023Vl ncu —-list-sections T—EERRCETFI.ncu /\—/3>/ 2022.1.1.0 D HAZEPLITIC

~LET,

HiBF
ComputeWorkloadAnalysis
InstructionStats
LaunchStats
MemoryWorkloadAnalysis
MemoryWorkloadAnalysis_Chart
MemoryWorkloadAnalysis_Deprecated
MemoryWorkloadAnalysis_Tables
Nvlink
Nvlink_Tables
Nvlink_Topology
Occupancy
SchedulerStats
SourceCounters

SpeedOfLight

SpeedOfLight_HierarchicalDoubleRooflineChart

SpeedOfLight_HierarchicalHalfRooflineChart

SpeedOfLight_HierarchicalSingleRooflineChart

SpeedOfLight_HierarchicalTensorRooflineChart

SpeedOfLight_RooflineChart

WarpStateStats

ARUvo

FRiCH
Compute Workload Analysis
Instruction Statistics
Launch Statistics
Memory Workload Analysis
Memory Workload Analysis Chart
(Deprecated) Memory Workload Analysis
Memory Workload Analysis Tables
NVLink
NVLink Tables
NVLink Topology
Occupancy
Scheduler Statistics
Source Counters
GPU Speed Of Light Throughput

GPU Speed Of Light Hierarchical Roofline Chart (Double
Precision)

GPU Speed Of Light Hierarchical Roofline Chart (Half
Precision)

GPU Speed Of Light Hierarchical Roofline Chart (Single
Precision)

GPU Speed Of Light Hierarchical Roofline Chart (Tensor
Core)

GPU Speed Of Light Roofline Chart

Warp State Statistics

T2 avORODIC, --metrics ZFERALTRHEDA MUY IZEINETDELD ncu ICIBRTETEIFIBET
BEEX UYL, --query-metrics CRETEFET,
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i

COEOHITIZ BTN BZBRENEERT DD, ——csv ATV IV EFRALTVET,,--log-file A
VaviF,.ZoEHEBOENEEDIC stdout DRHODDICT 7L ILNEDET,

70774 LiR—EI&E, ncu GUI ICES>TERSINET , ChUE, —-export ATV IV TRETETXRIT . ZD
B 771 EROTYVICBEILT ncu-gui 2#FERAL, O—HILTRRTEET,

PHISNERFIIE, --print-kernel-base=mangled CIBIRTET XY,
A= 7V TU—-nt

RIRICEOTIE BFEDH—RILDIN T A=V A%EBE T Desh,. 7V T —%FANBIENBRIEIEED
HDEITNVIDIA* DIBEIE, AV /INAS—DH—RILEIFICER LI PTX ZFHEBLE,

NVIDIA* GPU BICEIJL RSN SYCL* 77U —Tarvhb PIX #HEBI3ICIE. BRIBEZEH
SYCL_DUMP_TMAGES IC 1 ZFRELTCT IUVT—ravERITLET . CNICED REDEET (LI RU—
IC sycl nvptx641.bin DEIBRBADT7AIVDNERSNET . N T 71L& CUDA* fat N1 F
U—T3HD NVIDIA* =5y MTKELRVMRE 7Y TU—SETHD PTX & B—FIFEHDY—
TvbkmOTYI—RTHD SASS NEENFET,

RDESIC CUDA* W —)L cuobidump (H3FE) ZEMA LT, FAT /N1 FU—N\5 PTX & SASS Ol S ZHH T
CEED

# Extract PTX
cuobjdump --dump-ptx sycl nvptx64l.bin

# Extract SASS
cuobjdump -sass sycl nvptx641l.bin

NVIDIA* Nsight* Compute W—)L® GUI \— 3>V THE7EY TU—ERRTEFHT,
TY1—-IDOREEFHHAH I

VIS NTN\ARO=RIF BANAF U= (RITTET7AIILERIFRESATSU—-) DTEY a—
WIEFIENZESRBEEOEIY aVITEBHRENT T KT 1—I)UF 1 DERIIEROA—RILTHERK
SN PTX Dd+ FIclE PTX & SASS Ol A ZBTIHENHNERT, T7OT S LN N—RIVERTITILED
HdHEE. V21— ERARXEY—-ICO—-FL WIET BT /N\ARO—FZEF/\1RICO—-RFFBKIICH
FAN—ICERLETHFEDT NA R F—FFOFv—ITBLIC SASS MMERTE 3R I1E, BEEO—RS
NEI . ZNUADIBRIE PTX D5 SASS NIV RAAVHA LAV A IV EUA—NET TV 2—
WICEHBOA—RINEENTLBERIF N—RILD 1 DEMNHTERLEESICEY 2—ILEHHO—
FENET,

BHON—RIV%E 1 DOTI 2—IIICIY—ITBE, TOTSLDOETHICZON—RILOKREBAHERS
NB3GE. —mRICINTA—T VAN LT BAEEENGHDET , CNICKD NI FU—=T71ILDBT /N1 R
O—RZEZRHFED JIT 2V I/INAILEXEBY—EEREOA—/\—AY RO HSIND AN HDET . —H. €
Ja—=ILICEZBLDA—RILDEENTED, ZOSEO—ELHIMERSNEWIEEIE ABRD—INETS
NBZEICENFET  REROA—RILHBHO—RLTAV/I\CMILTDIRENGHD AXEU—HEigEHBLET,
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https://docs.nvidia.com/cuda/cuda-binary-utilities/index.html#cuobjdump

&Y Ua—vavICIFBEmHmHHOEITH, CUDA* (NVCC) 1T ITAIRTH—RILEICEBIOEY 21—
IWEERTBDICT L, DPC++ [FEHOH—RILE 1 DORKSHREY 21— I)LICKETBERNHBIZEITE
BlLTLlizauy,

NIF BTFRIEIBEOZHOTVTIL— AV ATV A TRIREDHD TV TL— =XV EE
CHESATI)—%BEIIRICERBEGDIREENDDET  ZNZEIN 5 DO T Y R— L ERE
LT 125 OBHEDOEICHES 3 DDT VT L—k typename IN\TX—5—%FDOEAKT VT —~&EBI&GL
TLREEV . INEITRTODA—RILOT /A ZO—RD 1 DOEI 2a—ILITNV RILEnNTLRBE, — KK
BA—RAT—ZT 1 DOBHEDELNDERVEETHO>TH, CNSINTEO—FITDIBENHDET,
nsys CCDEDIBRTOTSLDONT ATV A =@ITIT D&, CUDA* APl 0 ard
cuModuleLoadDataEx FOH LT DVEDDOREEINENDLSNTUVBRZEMNRINBIENHDET , CNHT
TUT—23vOINTA—T U A%EFHIRTDIEEE. H—RIVEBIOETY 2a—ILICHEITBMENHDINEL
nEthi.

DPC++ TOEYV 21— ILDEIE, -fsycl-device-code-split 77U % FEBLTCEETETET,

T I7AILNME (auto) Tl AV NAT—FHEH#RAHFDE2I—V ATV IICEDRBELGHDEIZBDIFTET,
BRIZ.V—R I—FOBECEREMUNDREIFEICLO>TEBD BERLEI-X ¥—X (LE®D
HESATSU—DFIRE) CES>TRICKRBFIBIRTHDIEIFRDEFBA. COLDTRRTIE,

-fsycl-device-code-split=per kernel ZRELTIAVN\AT—ICAH—XIZEICEBIDE
Ja—- I EEHSEIENENTY,

— R RE(L

CCTlE DPC++ ZER T BBO—MHIE/NT A=V ADOBEDEE LN, ZLTZORLAFEIC DV TR
L&Y,

TVTVIORDANEZ
SYCL* {14k 4.9.1 BiCIF IRDTENRESNTLET,

BHOSZRTT id WLYIYZERKT DIEE, EATEBOBRIALICEVWTRIROERD &
BHEENIT DL OICERZRRLET,

ZDrRH. A7)V DPC++ OV /N1 5 —Tl&, AlRODRTH CUDA* £f2lE HIP @ x RlcxyFan,
G052 DEDRTH CUDA* ® HIP D y RITICRY TaNET A RICHERLET,

cgh.parallel for(sycl::nd range{sycl::range (WG X * WI X),
sycl::range (WI X)}, ...)

cgh.parallel for(sycl::nd range<2>{sycl::range<2>(WG Y * WI Y, WG X * WI X),
sycl::range<2>(WI Y, WI X)}, ...)

cgh.parallel for(sycl::nd range<3>{sycl::range<3>(WG zZz * WI Z, WG Y * WI Y, WG X
* WI _X), sycl::range<3>(WI Z, WI Y, WI X)}, ...)

WG x & Wl x & x R7td work-group ¥& work-group C&® work-item # (CUDA* Tl&, BHITE D
TJUy RS XTOvIBREDDALY RE) THD, v& zIdy R 2 RaDbDITEDET,
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https://www.isus.jp/wp-content/uploads/pdf/sycl-2020_JA.pdf#page=217

ROIBE 2 RITERIE 3 RTDA—RILD parallel for RITTIHFICEETHDLITERL TS,

O—RAILFREEFTO—/NILXEU—RO (1-d) BEHICIE, FENTRI LN 7 O ZADHDET,
Basncunwigunwao—/\L XEU—T7OEAFXRIZFO—-AILXAEBU—-ADO/IN\NVIREICELD
INTA—=TVAOBEZEET DS, CNEEZREBIBDVENHDET ARIALOFMICDULTIE,
SYCL* 8D 3.11 HIDZRFTATI U LEZALESRB LTS,

ROIT— (FRIFBFENDIS—)HNRELFET,

Number of work-groups exceed limit for dimension 1 : 379957 > 65535

CNUE, CUDA* IRE—ERD TSV TA—ATIE x RTh y BED 2 Rtk DH %KD work-group
EYIR—ET 36T,

Max dimension size of a grid size (x,v,2): (2147483647, 65535, 65535)

COREYOOFMICDOVTIE, T55 (EFE) 22 RLTIZaL.

BWED GPU 7—FFTOFv—DEE

NVIDIA* GPU [IFICEILFTBIZE.GPU D7 —FFOFv—I3BBTEEXT . COHZE . T IAIN DT —
FFOFv—IF sm 50 ICEDFRTFHLWLWERD GPU ZERA I D158 BYGTF —FFOFv—%=iEEIT DT
ETAV (S —NKDE MR LLVEREZ A TS BN BDRTAHFED GPU 7P —F T IF v —%
BRI DA TEATT R I1ZSRLTESL,

1751V RMA

DPC++ [, SEIFELT/NARATINTA—TVREDV/I\AILEEREDONS VA E=EZE LT BERNICEAXNZ
VIAVERRTINEDNVEBIRLET . LHW, 70057 —IF FEDBEHIC always inline BHEEN
IRRELT A VSIVRRAERFITBREDHTEET,

__attribute ((always _inline)) void function(...) {

}

g.submit ([&] (sycl::handler &cgh) {
cgh.parallel for(..., [=]1(...) |

function(...);

)z

}

EREFETIVIIVRATIHEIF TEBLTKESV . BHEFETIVSIVRATHE, —8D
NVIDIA* /XA XTIF/NT A=V N[ LT DA BEMDHOE TN, D NVIDIA* /A X TIF/NTA—
YAMMET T HREMENHDEITERL TSV SEOYU—XTIF, 2V /1S —n&@ftEa—UX
TV IERELTLVKFETT,
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https://www.isus.jp/wp-content/uploads/pdf/sycl-2020_JA.pdf#page=38
https://codeplay.com/portal/blogs/2019/11/18/computecpp-v1-1-6-changes-to-work-item-mapping-optimization.html

SEHFELTY

SYCL* B EIL 1 VIE, %0 OpenCL* 1.2 BEEIL M Y OBEBHE—HTBLSICEEINTLE
I, =BT TV — 3V TIIREBE EICEENSLGED, I\ TA—TV AMME T T DN HDEFT,

CNITKTNT B1z8, SYCL* IR Tl BMEEHDOY T2y bORA T4 T /\— 3> (4.17.5 BiDOTHFEIH
ICREB/UZRNHDET) RSN TVET . CNICIF BEEL/NTA—IVADL—RATHRHDET,
NBIF  RITA TR ERBTERBINTVET HRIL, sycliicos() DRAT1TIN—=T a3V,
sycl::native::cos () T9Y,

— RIS BENBREICTSRWGEE RITTNUFP Y ERATREKRIRBICHE TS DHREENHOERT
N IRTONY I IV RBTRTOEIN S VICH LB SNIEBEZERTIDIITIFRVNIEITERL
[Q V=12

NVIDIA* 7—FFOFv—%F—T Y CTDIHEE.RD sycl: :native:: BEHIF WETD PTX @iF
D .approx IN\UFP VLD TERSINFET,

sycl::native::divide

sycl::native::sqgrt

sycl::native::sin

sycl::native::cos

sycl::native::1log2
sycl::ext::oneapi::experimental::native: :exp2
sycl::ext::oneapi::experimental::native::tanh

L& sycl::inative:: MZFEHE PIX @Sl 7.7 TIVEYISINEFIT HAZXIE. 1 DO
sycl::native::exp2 MOHUICHL, IV/INA1T5—IF 1 DD ex2.approx REEMLET BIDT—R
Tl XRM1T4T7HZEHIT.EHD .approx PIX i PICK>TEESINEFT . H XL,
sycl::native::tan() |&,sin.approx,cos.approx, HELW divide .approx TERINFIT . R1T+4
THZEARI BELSIETHRIC sycl:: ORI BDEMELDDERICIEDIEEENHNET, .approx
PTX S P DRBEDFMIC DOV TIE PTXISA RFa XY (HEE) #8RL TS,

FE: -frfast-math AV/INAIVATY I VIE ABEED sycl: : MFERZE WIHT D sycl:native: : B
CANBRET FBETETCHNIE) IBESNEREZBERORITAT/N=IJaryRNEELEVIES,
~-ffast-math 75T IIHELEFEA.

icpx AV INAS—TI& -ffast-math MFT T AIFTT,icpx T -ffast-math ZEIPICTBICIE,
-fno-fast-math Z{EALEY,

IL—=77rao-)

AVINAS—3—BDIL—TF7>O—-)LZBEMICITVWEI DN XDELSIC unrolling FSII%EFEHRLT,
FINAAO—RAOHEENEIL—TO7 > O0—- I 2FETIAV/I\MS—ICIBRIBDENEBRGFIEEDH
NZEI,

#pragma unroll <unroll factor>
for( ... ) {

}

37


https://www.isus.jp/wp-content/uploads/pdf/sycl-2020_JA.pdf#page=375
https://www.isus.jp/wp-content/uploads/pdf/sycl-2020_JA.pdf#page=375
https://docs.nvidia.com/cuda/parallel-thread-execution/

EHEFINTIVSIVERITDERIE. TR LTKESVBEREFINTIVSAIVERTDIE, —8D
NVIDIA* /X1 XTI/ TA—=T VAN LT BT 8EMENHDFETHY, D NVIDIA* /N1 A TIF/NTA—<
YADMETITRAEEMN DD EICEFRL TSV SEBOUY—TIE, AV /15 —D&E{tEa—UXR
TAvIERELTCLVKFETT,

TIFYVIRDTIVFv A+

SYCL* ©l&,nd_range, range, BEOZDMDT VTV IR BIAL S ET1TELT size t ZFRALFET,
CHUF, threadIdx. {x|ylz} B int T3HD CUDA* ® HIP IRED/\WI IV R APl LIFHRITY . H—=R
IWAHRDL IR —IANR—R=HHTBICIE, AV TV I RETEEEHNSIREIND size t VB /\WII VR
API N1V YO RERICERT DA T (BEIE int) CAVTYIRILTH#T T Fv AT DERNER
T9,

auto bigldx = item.get id(0); // size t
int intIdx = static cast<int>(item.get id(0));

CNUF LY RI—T Ly v—HELAN—XRILTIFKFICERTI,

get linear id ¥ get global linear id BEDMXV/\—FEIF SYCL* ERTIF BGFD size t
VTV ADNRDE DG HFETREEINET,

size t item<2>::get linear id() {
return get id(0) * get range(l) + get id(1);
}

SYCL* 1£,32 EV 1 T7OERRICRETEIA—/N\—TJO0—%EBT I, COXDGEEIC size t
EERATILSICEESINTVETJEEIE get range BEXW get id ICKDTREND size t F1TT
TONBEH, COXVN—FBHOER%E int FRIFMBOTATICFY AL TH BEBDERKNT size t
DERDHRENBIDITTIEHDFEA. LIEH>T, 7OI5T—NTIN6MEHEIC 32 Evh517 (Ff
[FZNUAT) OHEFERTIESE BV TV IR BEMRILTIFOHL AR T DL ENHDET,
RDEDM unsafe get linear id MERIF AVTYVIREFENS 64 Ev b TA XD TEITNTHI
PRLET,

inline int unsafe get linear id(item<2> it) {
return static cast<int>(it.get id(0)) * static cast<int>(it.get range (1))
+ static cast<int>(it.get id(1l));
}

CNICED AVFTYOREERO SYCL* O—ROTF/N\AXO—ERDTY TFUY RHRA T4 CUDA* £z
(& HIP O—REEUICFEDET,

FREOBlF, TOTST—HDEBHEA-—N—TO—HDRERLELBVLIICTIEETEEDLH, RETIFRVEE
ABNFEY,
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TAU7 R

TAUTRENTIE, 2 DOXEUY—SBNEVICTIAUFATREVWCEDEATERT, CNICKDRBEN
BAMCTRBIEDNHBDET . T 7AILETIE, AV INAS—FTAUT7 RERICEO>TIERASNZLRD XE
U—BREI AT RATHDIERETDIVEDNHDET L. T/NAMAI—FRADOAEY—SBNITIUT
ATV eIV /A S—ICHARNICBRIT DB TEERT . CNIF Ny IT7—/7oEY—& USM £
TILDENZENDF—T—RZERTIETEIRTEET,

A& E, oneapi HLIRD no_alias TONTA—Z7IEY—ICEMTIENTEET,

g.submit ([&] (sycl::handler &cgh) {
sycl::accessor acc{...,
sycl::ext::oneapi::accessor property list{sycl::ext::oneapi::no_alias}};

|

BEDZE, restrict BEFERAVY—ICEMNTEET,

_ restrict [FC++ TIZIFZHETHD, SYCL* EREART—EMNRVTREEN DD EITEELTLE
S\ dpc++ Tl&, restrict S NIET /N1 AEH (SYCL* A—RILD\BIFOHESNBEE) /NS AX—=5—D
HFMEEENFET,

1)

void function(int * restrict  ptr) {

}

int *ptr = sycl::malloc device<int>(..., q);

g.submit ([&] (sycl::handler &cgh) {
cgh.parallel for (..., [=]1(...) |
function (ptr);
)
)i

KD@HIMET7 FO—FI, [[intel: :kernel args restrict]] BEEND—RIVICENTRZETT,,
NiE. & USM IR—1 V59—, £2IZFZOETFTILDAA—RIVATERSINBIESIFZ/N\Y T7—F7 o5 —RED
ITNTODIAUT7 A EFEREZREIDLDICTV/INAS—ITHERLET,

Bl (NN T7—[7oEY—EFIL):

g.submit ([&] (handler& cgh) {
accessor in_accessor(in _buf, cgh, read only);
accessor out_accessor (out buf, cgh, write only);

cgh.single task<NoAliases>([=] () [[intel::kernel args restrict]] {
for (int i = 0; i < N; i++)
out accessor[i] = in accessor[i];

)
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CUDA* 72w k74— ATIE, sycl_ext_oneapi_cuda_tex_cache_read #i3& (338) M 1dg 7 7L —~E
BaEFERITDIED AEU—TIORADNTA—IVRAB LIC®RIEET,

FORAFv—FvvIanfER

CUDA* 735y hTa—LTIF 2ELEDHBA—RIVOFHRBERIE—ETHDT —F&ETIRAFv—Fvy
2alCF vy a1TEERT,

CNIZE, sycl::ext::oneapi::experimental::cuda::1dg BN ZEFERALTEIRTEFEIT, CORBRKIL,
FINAZAXEBUY—ADRA VI —%Z(FEID, L1/tex FvvIanbO—RLT, 7 RLAICIEMRSNIZEEIR
LEI UTICHZRLET,

float some value = ldg(&some data in device memory[some index]);

EE: CoMcO—RSNET—INA—RILAICEZTAFNDIZEZIV /15— HLIEIBETD,
TO0SAIFAVINAMIIVTEEFIN . TORAFv—FrvvaldfERINGLZEITEELTLIESU,

FORFv—FvvYa%FRITRET/NTA—IVABEICHETZIERIIMSLHNET . ZDR,
BRAOBRICEERTDIOIIRHEBGIZEENDDFET . ER . ZLOI—RAT —IATIEFXAUY FRFEAE
BV 2LBDFERBACREL INTA—T Y ABNMET I DI EEMIFELS BT LEIZETOREBIZ/NEL,
1dg IFR/NEOI—REETHERATER D A—RILDINTA—T IV AERBLE LITBEBSLLAEE
FAINbBbILNEFEA

1dg [& HIP AMD ZETIEHNDIRTO TSV L TA—LATHBNEAETHDZEITEEL TS L, LWL,
CUDA* [FIRTE 1dg ICEDIFHKGF vV VTN BERE—DTSY R TA— LTI HIP AMD /\wOIT VR
|E,1dg ZFERITBINESIHCHD\DSET  BICINTOL I AI—FT—5% L1 FvvIak L2 Fvvialc
O—RLZFT,

FTORFv—-F vV aOFMICDWTIF, 550707 (RFE) #8RL TSV, 1dg BHOFMIE, I
5T BILRIEBED FF 1 X I~ (RFE) 2 BLESLY,

40
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https://codeplay.com/portal/blogs/2023/09/11/nvidia-texture-cache-in-sycl
https://github.com/intel/llvm/blob/sycl/sycl/doc/extensions/experimental/sycl_ext_oneapi_cuda_tex_cache_read.asciidoc

Yik—k
Hite

by -

HHRE

Pik—k

AVTFFALAOERT/INI X L\WR

B 75 )L—7 (sub-group)
IN—TEEY7ILTYXL
B

HZEH (RN5-)
HABH (NI
HEBIH (marray)
HEEI

TAX R —BE
UL—23+)LE¥
atomic ref
ARL—=FT1V TV RT A
Ny T 7—DOEEER
stream

FTINAZRARY

T —T DI EEIE—
723 vkT7A—L0 get info
H—=RILD get info
sycl:nan & sycliisnan
FINA2AEZLO5—
FEERITL 5L
RARSRD

AVA—S —Fa—
U553
Fa—-n¥Va—ravhk
vec

marray

errc

EZN—XILSLY
HeezsMiigd~o0

[EL)
[ELy
[EL)
[EL)
[ELy
LW R
[ELy
[EL)
[EL)
[EL)
Linux*
=4
=4
[EL)
[EL)
=4
=4
=4
[EL)
[EL)
[EL)
=4
=4
=4
[EL)
[EL)
=4
=4
=4
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HRHE Pik—k

sycl:span [EL)
sycl:dynamic_extent LKz
sycl::bit_cast [EL)
aspect_selector LWWX
HA==RILINV BV ARV
R ES [FU)
T e

Hae
image
fp16 =551~
fp64 T—559147
prefetch
USM

USM 7 R 2w IR REIDET
USM 7 L= wOHBEIDHT
USM ¥ 25 LICEINET
SYCL_EXTERNAL
7RO XEU-DIEFASIF

PEEVD- TV A XEY—DIERTIF

PEEVOXEY—RO-T

PEEVO TV A RXREY—DRAO—-T

64EYV~TRZVD
NAFU—FZ
TINAZADIN—=FT12a1k
MRZART N\ IHEET /N1
A4V INAIL
AVSAIVH—
Fa—n7O7r71IL
mem_advise

NwO T R

IV =23 \vOITV ROHEEER

A=)\ O TV FOEEEHR
RARSRT (I\ RILEAEEER)

reqd_work_group_size

PiR—k

LW\ X (ext_oneapi_bindless_images MiZ&. IE\LY)

[EL)

[EL)

[EL)

MRALTINAZ HEB

LYWW R

[EL)

[EL)

[EL)

relaxed, acquire, release, acq_rel, seq_cst
LWV R

sub_group, work_group, device, system
LWV R

[ELy

NVPTX & SASS

LW R

LW R

LW R

[EL)

[EL)

read_mostly, B5cimFT, 7 O AT
WIpL!

BR Ay

LW R

[EL)

=iEaN:
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HRHE PiRk—k

FrvYabE)LRER LLZ
gikos ARV
EIL Y A—RILEEE AN
iR e

Hae BiR—k
uniform LWV R
USM 77 RL X2/ (/N1 A TRA ) B3R!
EERARXEU—DER =4A
BITON—T TR (+ TIL—THRE) [FU)
FBHNO—NIILXEVU—(FEHERS LWWX
SRGB M X—</ IRV
FIANMTSYETA—L-OVFF R - 7)
XEYU—FvRIL LWL
BRAT—U0I—TRE —& o
=Xl 52 [Mjointmatrix, experiemtal]
IARTHIFR (restrict all) LVLWR
ZO0/\F1—-UX | (property list) LLVR
A—2I)L-F0O/\F«— (kernel properties) ARV
SIMD FOL LW X
BLARILT/INA REHR LWLX
N—IFvyvIai8E LWLX
FPGA lsu LW R
FPGA reg Lz
F—5-70— )17 LILVZ
Fa—-ICBASNNUF LWWLX
TN —tELO5— =qA
TI—=TV—k [FU)
JU—-EHORE [FU)
BARAY7E SIMD LWLVE
discard_queue_events =4
device_if LWL X
device_global LWL X
C& C++ EESATTU—DYR—F [FUL) (clang++ {EFEF)
N—=XRILTD assert =4
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Hae HR—k
buffer_location LWL Z

accessor_property_list (+ no_offset, no_alias) |[&L\

I —7F-0-HI-XEYU— [FL
printf [FU)
ext_oneapi_bfloat16 [EL)
YisRT )\ 1 X1E3R LWLVE
sycl_ext_oneapi_cuda_tex_cache_read [FL
sycl_ext_oneapi_native_math [ELy

sycl_ext_oneapi_bfloat16_math_functions |[&UL)

sycl_ext_oneapi_cuda_async_barrier =4
sycl_ext_oneapi_bindless_images [FL
sycl_ext_oneapi_graph ERB
sycl_ext_oneapi_non_uniform_groups [EU) (tangle_group %Z[&<)
sycl_ext_oneapi_peer_access =4

[1] numeric_limits<size_t>:max() D{EMH

[2](1.2) https://github.com/KhronosGroup/SYCL-Docs/pull/197 (%38) #&8R

[3] https://github.com/intel/llvm/issues/6103 (&38) =5 1R
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=2 i)
2024.2.0
RS
o EHHIC—EMDHBDXEY—|EFZYR—FLELR (sm_70+) [c1€2957],
NITT1y IR

o JIVAERZEMEIELTSYCL*2020 EX YT U RIC—HESBEL [95€183e6],
o O—FD—0- YA XADHRZEIES KO E LEL [unified-runtime 43f0963],

2024.1.0
RS

e sycl ext oneapi graph ZHYR—kLZELZ [367b662a],

e sycl ext oneapi device architecture ZHUR—kLELEZ [1ad69e59],
e ext oneapi queue priority ZHIR—kLZELTZ [0c33fea5].

o FHRtENEFYyRILIITOUR—EEZEMLELR [fd5014ad],

o IS—I—RORDEDEENZNELELIZ [67a24f7b b7a43242],

NTT1vOR

o WEINLERO—NILXEU—HBAIXEEIELELR [d2719b5],
e —fgpu-rdc ATV IVEMBIELELIE [f7595ac],

e rintf,nearbyint MRFEEIEIELFELI [3c327c73,0ef26d3e],
o ANRYMTOTFAMILOFREIREBEEBIELELL [e8ffd021],

FEHESR

o IVFFRALOHEBEERAMDIEHREEGD RDODICTSAYU—- VTR %ERTILEND
NEI [e213fe2f],

2024.0.2

o REHDFEA.

2024.0.1

e sycl ext oneapi bindless images (%&8) HisRMBEZ T R—LLELI.
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https://github.com/intel/llvm/blob/sycl/sycl/doc/extensions/experimental/sycl_ext_oneapi_bindless_images.asciidoc

2024.0
RS
SYCL* aV/\15—

e sycl::range ZFHT B parallel for 1/ —TTAAD work group A ADBERNAES
nELE,

SYCL* 51735 U—

o sycl_ext_oneapi_graph LM R—kanExELlz.

e sycl ext_oneapi_non_uniform_groups #EEN B R—kSnELI,

e sycl ext_oneapi_peer_access JhisRN\ P R—kaNELz.

e max_registers_per_work_group T/\Af XA TU—MBASNELTI,

e SYCL PROGRAM COMPILE OPTIONS Z{ERTBXNZXALHEMEN, maxrregcount ptxas 1/
INAS—ATFVavERODEIIC CUDA* NI TV RIGETZENTEDILSICHEDELR,

SYCL PROGRAM COMPILE OPTIONS="--maxrregcount=<value>"
CHUEIT VAN T OIS LICTH L TDHERET B EISERL TR,
NTT1vOR

o EREZE/INRETIL—T TILTUXLDMEESN, icpx TV /NAS—CIAVITILLTENYY
7w IUIRLEDELL,
broadcast,joint exclusive scan,joint inclusive scan,

exclusive scan over group,inclusive scan_over group
e S| E&LTsycl::memory scope::device ZRELIEEEIC, F3Dfc memory scope Z{ERALTL)
Iz atomic_fence M/I\TZEIELELI,

2023.2.0
BRR
SYCL* OV I\15—
e NVPTX /\WOIVEDAVIAVEMAODLEWMERKZIEDT LT clang++/cuda D/INTA—T
VAW EELFELE [22d98280].
e SYCL*® cupa arcH  OHODIC  sycr cupa arcH  ZEEZERLFELE [8f5000c¢3],

o SYCL*3AT3SU—

SYCL* 51735 U—
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https://github.com/intel/llvm/blob/sycl/sycl/doc/extensions/experimental/sycl_ext_oneapi_graph.asciidoc
https://github.com/intel/llvm/blob/sycl/sycl/doc/extensions/experimental/sycl_ext_oneapi_non_uniform_groups.asciidoc
https://github.com/intel/llvm/blob/sycl/sycl/doc/extensions/supported/sycl_ext_oneapi_peer_access.asciidoc
https://github.com/intel/llvm/blob/sycl/sycl/doc/extensions/experimental/sycl_ext_codeplay_max_registers_per_work_group_query.md

e 1dg* clang EJI b1V % CUDA* EH DIk EELT SYCL* TART D
sycl ext oneapi cuda tex cache read ZBALELE - iHENDERTIRFv—Fvy
>/ 1 (£58) [5360825¢],

e cl khr subgroups HREEEZ U N—bITBUTIIN—TELTLIR—FTBELIICEDELE
[8e6c092b],

e atomic fence FINAAOTYU—IEZ NVIDIA IC&oCROYTESNBETEENHDIITS —
[82ac98f8] TERMETIC, R EZ/INROWREZIRT LDICIFDELZ [1e88df54],

o EMmEOE—IUXEU-FEHROIIU—ETR—LLELE - 17T ILOT /A X IEHRILRERE
(3%3E) [8ce0abd5]

e FNARID & UUID OYIR—FZEMLELRE - 1V TILOT/I\A XIERILRHERE (RFE)
[8213074d]

o MRALT/I\A A memcpy2D Z#HR—KLFELE [dOb25d4a],

e CUDA* N\WOTIYVRT sycl ext oneapi memcpy2d ZHR—kLLZFELT - oneAPI memcpy2d
(225E) [9008a5d2]

NITT1vORX

o A work-group YA XICEAT DI S5—% PI_ERROR_INVALID WORK GROUP SIZE [CEEIHEX
BDELDITIFEDFLTZ [2357af0a].

e sycl::ctz EAENBORESIAERICHISLELE [5a9f601€],

o ANYVRHERLIZESDICHHLUGVRECGSHREICTLLELR [1b225447],

2023.1.0
HRA
SYCL* OV I\15—
e FTZ.prec-sqrt B no-ftz, no-prec-sqrt ZA—/\—=SA04 RTEBLSICIENELE [8096a6fb],
e -fsycl-targets M5|HELT NVIDIA* 7—FFIF¥— (nvidia gpu sm 80 &&) ZIEETE
BEDICIFENDFELIE [e5de913f],
SYCL* 51735 U—
o FLWlunifiedi 15 —T A RICKB1THLRZEEERLEL [166bbc36],
CUDA* \woO TV ROEO-L VY- A—)ILESR—KLELE [a3958865],
ARLTLWBAYUO% interop-backend-traits.cpp ICEBILELRE [a578c8141],

CUDA* N\wO TV RTEEBAIT =% ITBILIICIEDELE [25d05f3d].
t£32 TINARADA—ROF v I IX TV REEFHLELRE [21176576],

NTT1vOR

e ext oneapi cuda make device MV sycl::device ZRBUGENDELIZ [75302c533],
o H—FHNIELLHERINGLVEBEEEIELELE [ce7c594f],

REaXVk
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https://github.com/intel/llvm/blob/sycl/sycl/doc/extensions/experimental/sycl_ext_oneapi_cuda_tex_cache_read.asciidoc
https://github.com/intel/llvm/blob/sycl/sycl/doc/extensions/experimental/sycl_ext_oneapi_cuda_tex_cache_read.asciidoc
https://github.com/intel/llvm/blob/sycl/sycl/doc/extensions/supported/sycl_ext_intel_device_info.md
https://github.com/intel/llvm/blob/sycl/sycl/doc/extensions/supported/sycl_ext_intel_device_info.md
https://github.com/intel/llvm/blob/sycl/sycl/doc/extensions/supported/sycl_ext_oneapi_memcpy2d.asciidoc

o ptxas ATVIVEEITHENRFaAXY MeSNELZ [f48f96eb3f],
e cuda-arch BEIEDHEEEZBRICTSD CUDA* GPU 7—FFOFv—OiRBEANEMESNELR
[4e5d276f],

2023.0.0
oneAPI for NVIDIA* GPU ORADJIU—RTY,
ZMJU—Z[Z, intel/llvm repository at commit 0f579ba (3238) M\SIERSNELTZ,
FHREE
e CUDA* N\wOIYVROYR—k
SYCL*AYN15—

e sycl::half 17OYR—k~

o ARLL—IHATTEMNET D pr16 EILMTVDOYIR—

o UL—Y3F)L IAXRU— HB BIOBFEATIU—H60D SYCL* EIL VDU R—E
e sub_group #LsROYR—

o TI—FITUZXLOYR—~

e group ballot HIAHBEB DT IR—

o ROA—TEAXEU—BFICELD 7 F=VIDOYR—K

e ERETZEUEIZIZEF1—TOEHRANI—LDOYTR—F

e sycl::queue::mem advise DY R—k

e CUDA* libclc TD --ffast-math OYR—k

o TINARATD assert ZHR—F

o CUDA* libclc T float/double i, LEERIIBO 7 = v IiR{EE Y R—~
o COXXEBEESATSU—BEHRITTTIS

o T IAII ctor M sycl::event DRATATA R I COMPLETE JARE

SYCL* S1T75U—

e fma,fmin, fmax HBE fmax [Cbfle EJLRTVEIBN

e sycl::aspect::fpl6 EHR—~

e tanh (float/half) & exp2 (half) DR1 T+ T EEZ%ZEN

e sycl::get native(sycl::buffer) H=HR—k

e mem advise JEYFERBEXEU—FIVvIEREER

e bfloatl16 MYR—FEEL, joint matrix TOBERZEDEREETR—
o MEAEHBXEU— (USM) ZHR—k
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https://github.com/intel/llvm/commit/0f579bae55c48d810e1ed76db29229c854e61d5e

SN a—-F10

COEITIE FTTINYa—F1 DY Fe—BRRVERBERBORRRGEICDVWTERBLEY , CCTHRAETS
AR ERLEVERIL, Codeplay DOZ a2 =F1—-HR— kD 7H 1k (EE) hBHYR—KUS
TAREBEDLREETV, REFYR— MMIFRETETELAN, TETRIRDIIBSI BTV REFT HR—KU
DIRAREEETBRIC, VIR T7HREHOLZELR/N—I 3V THRAEEHERBL TS,

B, N\ TA—T VX BEEEIL, oneAPI DPC++ OV /N\AS—DA =T/ —Z-UiRT tU— (%3E) h'5
DHWETEFRT,

sycl-ls DHAICTF /N AR TS NG

sycl-1s WY AT LA LOEBFEINDIT/I\1 A=HRELEVIZE:

1.

VAT LICEBEEDOHD/IN— 30 CUDA* £zld ROCm* W—)LF v~ (ENZN CUDA* & HIP
T3040 813) BROEREOGHDIRSAN—N1 YV AR—=ILENTNDEZERL TR,
nvidia-smi FEl& rocm-smi BT /IN\ARAZELLRHBTET DI EEHERBLED,
TS0A4VNELLO— RSN TVBREERRLET . CNIF IRIBEH svycL_pT_TRACE IT 1 &&%
ELT sycl-1s #BEETIDETHNDET,

:
$ SYCL PI TRACE=1 sycl-ls
RDEDIBRHEANESNDIFTTI,

SYCL PI TRACE[basic]: Plugin found and successfully loaded: libpi opencl.so
[ PluginVersion: 11.15.1 ]

SYCL PI TRACE[basic]: Plugin found and successfully loaded:

libpi level zero.so [ PluginVersion: 11.15.1 ]

SYCL PI TRACE[basic]: Plugin found and successfully loaded: libpi cuda.so

[ PluginVersion: 11.15.1 ]

[cuda:gpu] [cuda:0] NVIDIA CUDA BACKEND, NVIDIA A100-PCIE-40GB 8.0 [CUDA
12.5]

AVAR=ILIETSTAL VN sycl-1s DEBDICRRSNIEVIBE . SYCL _PT TRACE IC -1 ZFRRE
LTHERTIDLT MBI S—EHREIETEET,

$ SYCL PI TRACE=-1 sycl-ls
REOHINEBNEITH, RDEIFITS—MRRSNTLIHEERL TS,

SYCL PI TRACE[-1]:

dlopen (/opt/intel/oneapi/compiler/2024.2.0/1inux/1ib/libpi hip.so) failed
with <libamdhip64.s0.4: cannot open shared object file: No such file or
directory>

SYCL PI TRACE[all]: Check if plugin is present. Failed to load plugin:
libpi hip.so

o CUDA* FZ2J4ICI&, CUDA* SDK TIRMEINS 1ibcuda.so & libcupti.so NBHET
ER
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https://support.codeplay.com/
https://github.com/intel/llvm/issues

o HIP 755414 ICI& ROCM* M libamdhip64.so MRBETY,

CUDA* &£fzld ROCm* M1 Y A b—)L& IRIBDNBEIICERESN TV D e 2RRBL TIES L\ F e,
LD_LIBRARY PATH M EFREDSATSU—ZRHTETBIGMEIRLTLSHNERRL TIESL,

4. ONEAPI DEVICE SELECTOR &F/Zld sSYCL DEVICE ALLOWLIST BREDT/NART«IL5—IRIE
THNERESINTULEWNWCEEHRLET (ONEAPT DEVICE SELECTOR MEREINTLDE,
sycl-1s li%%&ﬁﬁ?bi?)o

5. HEREHERLET.POSIX* TIF, 7oEIL—5—FTI\AANOT7 O F BE, BIEITIL—TD
XVN=THDEBERHELTVWET HIXIE, Ubuntu* Linux* DIBE,GPU \OT7 I ZICIF
video TIL—TFE render TI—TDXVIN—THBIVENHNDEITMN, CNIFEREICEO>TERD
F¥9.

RENAFU—T5—DRL
RBENETSY R TA—L1

FLHBBEWV L, SYCL* 0TS AICEBREDSHD/IN\AFU—DEBNWTSY cTr—L%FRALTSYCL* 7
OS5 LEETIBIETTBIRIE, SYCL OIS Al SPIR-V* N\yO IV RAICOV/INTIILENE,
HIP TN\A XA L TEITSNDAREMENSHDET, COIHFE, PT_ERROR INVALID BINARY T5—I—RMXR
O—aNFEI . COBE RORZHERL TSV,

1. O3S0 BYRTSYRIA—LRIFICOVINAILENDBELDS, -fsycl-targets [CI—T W
TSV TA—LDMEESNTVD L EERLET,

2. OSSN EITAETZILDNIVNAILENET Y R TA—LEE#MEDHSD SYCL* T3y
FIA—LFRIFTNA AL O —%FERL VB EZERLETIRIEEH syCcL_PT_TRACE=1
EHRELTETL ETRICERSNET I\ A RERRLET,

BETSY T A—LERBNET/INAR

CUDA* &fzld HIP #5—5'w kTS SYCL* 7 U —2ar#ETIdE HFEDINR T FUT—23
VHVKBIL, BRGNS FU—THDIEERT TS MNBESNBENHDET L FIZIE, CUDA* DIFEIF
CUDA ERROR_NO BINARY FOR GPU W LR—hkENBIZEHNHDET,

CNUF BRSNS SYCL* TNARICBEU TRV T —F T O0Fv—D/N\1 FU—NEFSNIEZ2EKRLE
T, COEE RDREERL TS,

1. 77U —=2avN BTN —RIz 707 —FFU0Fv—E—HIdDLIICEILREanNTLSBC
R LTS,
o CUDA*@IFMT3Y:
-Xsycl-target-backend=nvptx64-nvidia-cuda --cuda-gpu-arch=<arch>
o HIPEIFTDTZT:
-Xsycl-target-backend=amdgcn-amd-amdhsa --offload-arch=<arch>
2. ETRITETE SYCL* TINA R (ELRSNe 7TV -3y 07 —FFO0Fv—IC—HTDH0)
MBIREINTVBCEZRERBLET RIBEZH sycr pT TRACE=1 ZRET DL, BIRSNET/\A
AICEET DL —REHRZERRTESETRI LATFICHZRLET,
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SYCL PI TRACE[basic]: Plugin found and successfully loaded: libpi opencl.so
[ PluginVersion: 11.16.1 ]

SYCL PI TRACE[basic]: Plugin found and successfully loaded:

libpi level zero.so [ PluginVersion: 11.16.1 ]

SYCL _PI TRACE[basic]: Plugin found and successfully loaded: libpi cuda.so
[ PluginVersion: 11.16.1 ]

SYCL PI TRACE[all]: Requested device type: info::device type::automatic
SYCL PI TRACE[all]: Requested device type: info::device type::automatic
SYCL PI TRACE[all]: Selected device: -> final score = 1500

SYCL PI TRACE[all]: platform: NVIDIA CUDA BACKEND

SYCL _PI TRACE[all]: device: NVIDIA GeForce GTX 1050 Ti

3. BT /A ANBIRESNTL\BIGE IRIEZH ONEAPT DEVICE SELECTOR Z{ERLT SYCL* T
NARELOT—HBIRT DT NI REZETETET, 17 )L° oneAPI DPC++/C++ OV/\15—
DRFAXVFCHBITREEHIOHIZSRL TS,

NEBS BRI - | ERRTEFEA/NBY VR IR ERTYT
CNICIZFVKDODDERERNEZSNET,

1. IRTE DPC++ Tl& std: :complex [FHR—FSNTVEBAKDDIC sycl::complex ZFRAL
TLIEELY,

2. icpx AVINAS—I&, T IAILET -ffast-math E—REFERT D, IRE 1dexp P logf IHE
DR EOHZEMOBRICEENELCDCENHNDET, UL, -fno-fast-math 75T &FERAL
T -ffast-math ZENCTBDETRIBTEET,

F£#1%, ToneAPI for NVIDIA* GPU M1 VA ~— )L &SRB LTLIEEL,
V1S5 —MIS5—: "cannot find libdevice (libdevice NRDOMDFEEA)"

CUDA* SDK MFT TAILEDAIEICA VY A R—ILENTLVRVE  clang++ BN SDK ZRHTE I, OV/\1IL
FIDROESIBIS—HRETDIENHDET,

clang-17: error: cannot find libdevice for sm 50; provide path to different CUDA
installation via '--cuda-path', or pass '-nocudalib' to build without linking
with libdevice

CORBEERRT BICIE, --cuda-path AFZ/3T CUDA* SDK D1 VA=) I\ AZEIBELET,
OV I\1S5—MOIS5—: "needs target feature (¥—2'v FOHEEEDN VL ETT)"

DPC++ SUHAMLATERASINDZ—H®D nvptx EILRAVIF, OV /N\AIVICR/ROSTEHBEZEKRLET,
TO0SLMMERTIEIN R VICH U DRETE#EEZSY—T Y RICLTULWRWES (3V/NTILEIE -
Xsycl-target-backend --cuda-gpu-arch=sm xx %1@%)\ ROIS—HNEHESINFET,

error: ' builtin name' needs target feature (sm 70|sm 72|..),...

CDEIBIS—%ERTIICIE, T EREEZFOT/I\ 1 A2y —TvklcLTaV/\1ILLTLWBZE
EREBLTKEZV . UR—raN TV ERELZRF OT/N\A RV /NI Z—ICEELTHIDLIET
SO HETBIHEE., -Xsycl-target-backend IC 32 EW kU )L nvptx-NVIDIA-cuda ZELTLD
EEZBNET . nvptx-NVIDIA-cuda FUTIVIZ F—T Y MEREDEIIL MV Z TV INAILTE T DPC++
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TlEAKICHR—bFaNTULERA.64 EVFUTIL nvptx64-NVIDIA-cuda I&, &RIEMD NVIDIA* 5/
A REINTH MR- B, CESEFHTIEEHRELET,

VN1 S—DES: "CUDA version is newer than the latest supported version (CUDA* ®D/\—33
Y R—bkENBdIN=-IavEDBFHLLTT)"

COYU—XTIF ERTSD CUDA* ON—V3aVICEoTUF, VA S—DRDELSBEEEHNTDIL
NHOET,

clang++: warning: CUDA version is newer than the latest supported version 11.5 [-
Wunknown-cuda-version]

BE COBLIFERLTONEVEEADPCH+ (I, &#D CUDA* THIR—hEN 2R LZLD
BHBNFLRAD, KBRS DY FUATIIEER<ENET B3I TI,

A—XRIEERFDOVY —AFE

MTROIS—I—ROVWTNHNRTINBIHE BRI Y —INREL T\ BIiRE TS iah oz laE
HNHOET,

e CUDA ERROR LAUNCH OUT OF RESOURCES

e CUDA ERROR INVALID VALUE

e PI ERROR INVALID WORK GROUP SIZE

e PI ERROR INVALID VALUE
EX5N3EH

e FT/)\1RMD work-item (CUDA* ZL Y R) DEAAEBITLET,
o FT/\AAMEK work-group B X (CUDA* TIZRAL Y RT7OVY) #BITULET,
o N—RILDUYV—=R(LIAI—POHEXEU—)NT/N\A1ADENEBITULET,

TINTADBEENZEZF TV ILTINSDEEMEIREL, FIRERZZ B L TH—RIVEEZEBHITDET
BREZRTCEEI,CUDA* OVE1—FRENICKDFIRIZ, CUDA* RFa XV kK (KZE) ICEEHBN
TULET,

L —XRIVEEEID&EK work-group B X&, 7/\1 DB ERFEEN EIE T LHRICTIEERUL 28,
N—=RILDMERTBIL IR —H=EBRTIVENDDET, ARFIELG work-group TLIYRS—DERD
BLBRE/N—RITFTHRTEDL IR — BB T, BAGTH—RIVEEENDRE T DRI BEMENHDE
9, 5 MIC DUV TIE, technical-specifications-per-compute-capability (3258) #S8HB LTS,

work-group OHlREE

work-group M 1 DORFTEEIFITRTORTOEET A X (TNTORTORE) T /N1 ATHR—kan
TLRRAEAEBZZDT—U%EEETSDE, PT_ERROR _INVALID WORK GROUP SIZE TT—MELELET,
E#kIC, FE¥I— work-group (nd range<1>{48,32} &&) B, HIR—ELTLWEWLWT /NI X (TXTD
CUDA* /XA R) ICEETDEL RALIS—O—FINRELFT, CNSITRTDIEE ROAYE—IHNH
INEY,
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Non-uniform work-groups are not supported by the target device -54
(PI_ERROR_INVALID WORK_ GROUP SIZE)

IR, work-group BMI—T&HoTH, LEDHDFIROVINHEBZBIEEIE. COTS—HRELET,
COXAVE—IIFX TSTIVORRON—I a3V TRESNDFETT,

1 DORFTERIEIFINTORTOEND work-group MO _ERZ#BZ H&, CUDA_ERROR_INVALID VALUE I
J— PI_ERROR INVALID VALUE ICRYTENHTHIZIE, ITD CUDA* T\ RXTlE,y RTE 2 X7t
T 65535 fED work-group HFFRISNE T, y RITIC 65536 fED work-group ZEETDE, LATD
BINMRELET,

Number of work-groups exceed limit for dimension 1 : 65536 > 65535 -30
(PI_ERROR_INVALID VALUE)

HEXAEU—-DORAEEAR
REHBAERY—Y A ADFIREEBZDT—IEETIE RDIS—NRELET,

UR CUDA ERROR:

Value: 1

Name: CUDA ERROR INVALID VALUE
Description: invalid argument
Function: urEngqueueKernelLaunch

Source Location: /tmp/tmp.7vgJ2wICWQ/intel-11lvm-
mirror/sycl/plugins/unified runtime/ur/adapters/cuda/enqueue.cpp:418

Native API failed. Native API returns: -30 (PI _ERROR INVALID VALUE) -30
(PI_ERROR INVALID VALUE)

TSTAVORRDN—-TI 3V TIRIT BN BE SN, TS5 —OABZHREICTITROAYE—I DR
HINBKIITEDFT,

Excessive allocation of local memory on the device
FIATRELIY Y-8

CUDA_ERROR_LAUNCH OUT OF RESOURCES I5—I& CUDA* JOVICEICERTILIAY—NELTE
BENFERTEETDAEMENSHDEFT, ZHUE DPC++ D PT_ERROR_INVALID WORK GROUP STZE L
S—0—RICXY TSN FIROABEFERSNTVNDL IR —Ha R TFHHRHINA Xy E—INRRSN
x5

Exceeded the number of registers available on the hardware.

The number registers per work-group cannot exceed 65536 for this kernel on
this device.

The kernel uses 100 registers per work-item for a total of 1024 work-items
per work—-group.
-54 (PI_ERROR INVALID WORK GROUP_ SIZE)

ITo5—Xvt—IPARAIC, AVINTILERFIC -Xcuda-ptxas --verbose AV IV %EIBEIT DL T, ptxas
[CE2TH—RIVICEINDHTENBL I A —REBFRICF Vv ITEET, CNICEDTTEE—ROBRICE
D.NAFU—HNDA—RIVICKB LI RY—DERRRESCI— RERREINHEDINET,

ptxas MDFHAL DB
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ptxas info : Compiling entry function 'my kernel' for 'sm 75'

ptxas info : Function properties for my kernel
8192 bytes stack frame, 0 bytes spill stores, 0 bytes spill loads
ptxas info : Used 100 registers, 256 bytes cmem[0], 1512 bytes cmem[2]

&L, DPC++ S LHIDT —A%=RHEL T H—RILDN/\—R O 7 THRATRERL I AT EBX
el BRI FMEHINERO—TEDLIICKED  A—RILDERICERTIL I RY—HE LRI
BRLD work-group ICEET B IEHRERMLET,

D1 TDIS—IE, DPC++ D ERROR_INVALID WORK GROUP SIzE LZ7—I—RICIYYFEINET,

Exceeded the number of registers available on the hardware.

The number registers per work-group cannot exceed 65536 for this kernel on
this device.

The kernel uses 100 registers per work-item for a total of 1024 work-items
per work-group.
-54 (PI_ERROR_INVALID WORK GROUP SIZE)

A—RILNTILF IOy —CERTELRL I A5 —H%EBX 2155 . work-group B/ X&HENT DL,
CUDA* JOvOTERITESNDIAL Y RO WRMICHIRESN, LY RS —namEEFcEFRT . IV /1)L
SNEA—RILOBRIEREK work-group B X&, SYCL* TROKLIICBETEET,

auto b = sycl::get kernel bundle<MyKernel,

sycl::bundle state::executable>(g.get context());

auto k = b.template get kernel<MyKernel> () ;

auto maxWGSize{k.template

get info<sycl::info::kernel device specific::work group size>(g.get device())};
std::cout << "MyKernel max WG size on this device: " << maxWGSize << std::endl;

L. CNNERLVLEBRRTIFRWGS LY R —TLyIvy—ZRIFTREDLELMETREILHT
ONBELIICTV /I AT—ICHRITDEDHTEXRT . CNICED ALY RTOVIDT A X&/NSK<T DL
F<EENZEHINSEDIENTEXRI DPC++ TIFRDELIICEIRLET,

1. 9=5YrFI\AAD CUDA* 7—FFUFv—&fcld SM /Compute Capability ZEELE T,

5 X |£, NVIDIA* GeForce* RTX 3060/TI DIB& JRDOLIICIEELET,
-Xsycl-target-backend --cuda-gpu-arch=sm 86

2. OVI\AI)LOTVRT -Xcuda-ptxas --maxrregcount=<N> A /Y3 VEFEELT. H—FRILA
DLIZAI—%FIRTDELD PTX NI TV RICIERLET,

FE: -Xcuda-ptxas --maxrregcount AV/\AT— AT 3 VICKo2TH—RILDOL I RS —ER%EFIR
IBEHDDLY RS —H DRAM ICHEHS NN T A=YV RICHE T DAREENHDFET,

TS5V R TA=L|T7—FFOFv—RBTcRBEENIZI—F0 sub-group Y1 XDRIRE
H—)VEM reqd_sub _group size ZERUTHED sub-group U1 X%/ EL, Z0DE  BGEITSY
b7 A—LICHEET DD, D7 —F T IFv—LIFRFB 7 —F T IOFvy—TERITSINBI—RIIDODVTER

THET, COKSFEE . BEKSIND sub-group YA XM TSV TA—L/7—FFOFv—THR—FS
NgLE ETRIORDESBEIS—NAO—aNET,

Sub-group size x is not supported on the device
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CUDA* 7FZ5w k7 A—ATl&F B—0 sub-group 1 ADHNTR—~SNBeod ROESHNHLEINFET,
CUDA requires sub group size 32

ZLT. T VAMLIFEKRSINTE sub-group B XICK1H>T sub-group 1 X 32 ZBRALET,
reqd sub group size N—RILEMIF, EHD sub-group T1 X R—bITDTSVETA—L[T—
FFOFv—EIFICKEISNTVET, — 2 SYCL* O—RIE, 273D sub-group 1 X TIIBHETEE
WCEITERLTLREELVL BIZIE, sub-group EE® reduce over group MIERIE, sub-group B X
[CREFELET . 255D sub-group Y1 A= FERITD TSV TIA—L/7—FFTOFv—RITHRIETCESI—R
EER T DIEE ROVWITNHVEE BT DVNENHDET,

o FERN sub-group Y1 XITEKFLRWLK D BHERBEAR A TO— RERIMLET,
e —F® sub-group B XITKET DT DL TIE, sub-group 1 ADEVWEZEELT, T3V
cIA—LT—FFTOFv—CEICRBRDIN-VavERELEFY,

© Codeplay Software Ltd.
SYCL and SPIR are trademarks of the Khronos® Group. NVIDIA and CUDA are registered trademark of NVIDIA

Corporation. AMD is a registered trademark of Advanced Micro Devices, Inc. Intel is a trademark of Intel Corporation
in the U.S. and/or other countries. Linux is the registered trademark of Linus Torvalds in the U.S. and other countries.
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