177V AV IN15—=ERALE
OpenMP* ICKBFNITOTIS =S

127 I)° C++/Fortran AV I\AS5—ND/\—=T3> 19.1 Z{EALT GPU A7 O—FRICiEAFLLD
ttw3/3Y 6: oneAPI ANDE—&
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RS 7O 5= 0 FEELTEESNTE 2 OpenMP* [ k251 7O
FSZVFTMRE AYTILE OV AS—HHR— 33 OpenMP* 4.0 & 4.5 D
MeeAERLIERNO N TO0o5=z008A70—-R-JO0 S =20 0O8EEY 7
Lw2al A7 OV /NS —V19.1 THIR—k&N 3 OpenMP* 5.0 OLEE
ti%%?&%@ﬁbéf&é&:%ﬁt@?bti L —5—-F )\ ZANDATO—RICDL)
TERFET

Ty avoRNRE
dTIC OpenMP* TRILFRLw - TOTS =00 %FFEL, 4.0 BIETHR—F

SNBDFEIERT N )AbEATO—RZEAL 77U =300\ TA—<T VR
o] FZ#ET BT AHAES
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twv/3y

FLC8HIC
(13:30 - 14:30)

OpenMP* M5 A THEEE
(14:30 — 15:30)

OpenMP* 0 SIMD H48E
(13:40 — 14:30)

OpenMP* MA 7 O — RHEEE
(14:30 — 15:30)

OpenMP* 5.0 MJEB I DAL
(13:30-14:15)

14>7)L® C++/Fortran O/
INAZ—mD/\—2/3>/ 191 %
FEALTGPU A7 0O—RICH
AEXL&LD (14:15 -15:30)

|SB © 2020 iSUS *ZDEDHE BEEEE 1T, —RICSHOERT. BTk IS HETT,

tv>a UK~

BIZB/\—=23a VDAV TIL AV INAZ—PREGD IV /1A Z—[BT OpenMP* Z{£E B9 3
SFEROHIRICDVWTERRALET

OpenMP* 3.1 TBINSNEY R TREEN 4.0 h\5 4.5 TEDESICHELLIch\ EflEFERL
TEHABL . &HTD OpenMP* 5.0 T{b SN IeFeEA BN LET

OpenMP* DAL W RMEEEZERL 7O SN —D<TILF ALY ROEFZT700>=>/
LIk DIC, OpenMP* 4.0 h\BlE omp simd ZER LT O < —HBERBICRT ~JL
IbHTETBLSICEDE LR, OpenMP* simd ICEEET Di¥EER 4.0 H\5 5.0 ETOELE
E>THRNLET

OpenMP* 4.0 TEMNMSN/cA T O—R#EEEEF B I BT, CNETHEXEY—AEITIF]
RLIBICINZ DX EY —BIDUIF IR Z RIFTET DL DICIEDE L. Dty a >V TIE,
TESNBATOYVZIFR-FOT S =V IBEIETO OpenMP* 47 0 — RI%EEIC DUV TERER
LET

w32 3.4 THIN—SHEH ST OpenMP* 5.0 DZDIEN DAL SV TIBA LE
5

oneAP| @FDFT—5li%l] C++ (DPC++) N\#ITT BRIIC IRITDA 7 )L® C++/Fortran 1
VN1 Z—V19.1 15 )L® oneAPI HPC W —)LF v RCEENBIR—SF A T)L®
C++/Fortran O3>/ /\14Z5— 2021 ##ALTCHEBEICAVFTIL TS T4V IIXN\OATO—R
IOV I Dz 7 RS IR A BN LET

| 3



SEN

s [FUOIC (OpenMP* MNEL INBDE =

(OpenMP* & & FEE &%/ \—2/ 3V D
= OpenMP* O#%/\—=2/ 32 DAL

%O
% B

(4.0,4.5 HEV 5.0 DFBE N DFTHEEE)
o RS> IL® O /K15 — (nextgen) DI&EE

) &

D

W22

OpenMP* 5.0 API VYO RX-TOAvD-UT 7LV R-N—FOHEARERZLAFLELRE:

https://www.isus.jp/products/c-compilers/openmp-ref-5-0-0519-released/
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SEIFLT —IBEEERTE/\— R EI El El
DY N FELET
FRiEnS, ZNSICHT I HBOTIOTS

=ZVUEEYAPI EHDFEEA

X, ZENZENDT SV R TA—LICHE T
V=LY R—FIC—E%BHDEEA

7§\y ~NOA—LZEI@ERIDY T T AHS5— ~NIRL 175
KRE/IBENVETT
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= X OpenMP*
JO093=V0m OpenCL*
ykﬁﬁ ?.penACC*

#fpragma omp target data device (0) map (alloc:tmp[:N])
map (to:input[:N)) map (from:res)

{
fpragma omp target device (0)

#fpragma omp parallel for
for (i=0; i<N; i++)

tmp[i] = some computation(input([i], 1);

update input array on the host (input) ;

#pragma omp target update device (0) to(input[:N])

#fpragma omp target device (0)

#pragma omp parallel for reduction (+:res) ;ijfi—— /Q{7f‘)b
for (i=0; 1i<N; i++)

ZfE

res += final computation (input[i], tmp[i], 1)

}
SVMS
ISB © 2020iSUS *ZDDHE BIEHE k. —RICEHOE T, BEE LB HIETT,



g dHD (CCTIE Windows* Z{EH)

AN S5—:
s 1 7)L® C++ &2l Fortran 32/ Z5—/\—2/3>/ 19.1 Update?
=2

s 17 )L° oneAPI N— 2 —)LF vk beta08 LABE
s 1>/7)L° oneAPI HPC WV —)L v | beta08 LA

D371V IR-FS51/\—:
s T2VTI)L® oneAPIR—=R-Y —)LF VRIS T4V IR F51)\—

https://software.intel.com/content/www/us/en/develop/articles/intel-oneapi-graphics-driver-
now-available.ntml (3238)

w2l © 2020iSUS *ZDIE0HE BeEHY 1, —RICEHOER. BiEE IR EIETT,
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R FTIV AV INAS—ElF

= ICC Classic & ICC NextGen (icx) &, F32/\1Z—- 51 /\— (icc, icpc,icl)
THERILFEVAEZLEFT

s ICC NextGen &, 37 C++ OV )\ A5 —THDEEDHIC. AT IL° DPC++ OV
INAZ—=EFLUL dpepp RSA/IN—DXR—R-0V )\ 1 5—THHDET

= ICC NextGen (&, 12 FILONRIEAS, 02/ /\15—TJ,ICC NextGen | ICC
Classic DEGBAREBRTIFRELZEISFELTL RS

s ICC Classic H'\5 ICC NextGen \D#Z{TA& A BEIFEND A L—XIC T Dfesh, HhViE:
DNTRSINTULWEITH, EBRENBEEFDI?TUST—>32/7% ICC Classic M5 ICC
NextGen /\*Q'H'L/—C?::L_:/ga_éh_'i %é*ilﬁ@ﬁjjb\z‘glghbij

AT C++ VI AT—ORERI—F- IR —F—DFFa Xk
https://www.isus.[p/products/c-compilers/early-documentation-for-c-compiler-based-on-llvm/

w2l © 2020iSUS *ZDIE0HE BeEHY 1, —RICEHOER. BiEE IR EIETT,


https://www.isus.jp/products/c-compilers/early-documentation-for-c-compiler-based-on-llvm/

CHERTIE Nextgen AV IN1S5—D
OpenMP* HREEICEBELET

ICC NextGen (icx) @ OpenMP* A 7</37>:

s /Qiopenmp / -fiopenmp I&, OpenMP* parallel #i&& SIMD 7S50 </5«1L20
T %ML TaVINTILL, 1FILD OpenMP* S UL S1(TS5U—%
FRHLET

m OpenMP* 4.5/5.0 D target 7507 /T1L 0T+ T =ERTIEA.
/Qopenmp-targets=spir64 / -fopenmp-targets=spir64 Zi5E I DU EH\H
NFEI

m OpenMP*4.5/5.0 D target 1L 051 71&,. 1>FI)L° oneAPI HPC W —)L
FwCEEND ICC NextGen IV /A S —ICLKDTDHERHIINET
FEED 2 DOV INAS— ATV avzRKICIEELET:

- icc -gnextgen -fiopenmp -fopenmp-targets=spir64
- icl /Qnextgen /Qiopenmp /Qopenmp-targets=spir64

‘e © 2020iSUS *Z0t0it & MR EHE F, —BICSHOER, BIEE FBRHIETT,



15T AVINAF5—=V19.1 D
Nextgen HEEIT 7L E1—HEEETT

B Intel Compiler 19.1 Update 1 Intel(R) 64 Visual Studio 2019 - ] > B Intel Compiler 12,1 Update 1 Intel(R) 64 Visual Studio 2019 - [m] *

>l icl version.c /Qopenmp /QGnextgen _

Inte ++ Gomp1ler tor applications running on Intel (R) 64, Version 2021.1 Ne
xtGen BUI|d 20200304

Copyright (C) 1985-2020 Intel Corporation. All rights reserved.

51 o7 J)LR) C++ a4 5— (A2FILR) 64 {7 F)5r—
3 >A) /\—/EI./ 19.1.1.216 EJL F 20200306
(C) 1985-2020 Intel Corporation. EMITOI|IA. GEHFHEZELEFT .

version. c
Microsoft (R) Incremental Linker Version 14.26.28806.0
GCopyr ight (C) Microsoft Corporation. All rights reserved.

version. c
Microsoft (R) Incremental Linker Version 14.26.28806.0
Copyright (C) Microsoft Corporation. All rights reserved

—out:version. exe
—defaultlib:libiompdmd. | ib
-nodefaultlib:vcomp. |ib
-nodefaultlib:vcompd. |ib
version. obj

—out:version. exe
—defaultlib:libiompbmd. | ib
-nodefaultlib:vcomp. |ib
-nodefaultlib:vcompd. |ib
version. obj

ersion
OpenMP version 201611

ersion
OpenMP version 201511

_OPENMP <%

3..' SB © 2020iSUS *ZDOfttD#tH  BRBGE L, —RICEHLORR BIEXCITERBEIETT,




GPU A70—FKICDWLWT (IH/\—3 3 #EE)

k{)ool Sobel::execute offload() = ,r\/j—_)lj® C+ +/F0rtran
e e v V)5 —d V18.0 ETI,
nt i - inagewidtny 12T IT S Y TAND

bpraqns omp target map(Eo: in iv, vl ¥ A70—RDYR—kan<T

map (tofrom: img[0:iw*ih*COLOR CHANNEL NUM], ¥ L \ i ( 7—_
outp[0:iw*ih*COLOR CHANNEL NUM]) —

#pragma omp parallel for collapse(2)

for (int i = 1; I < ih - 1; i+4) { - /Qopenmp—offload:gfx

for (int k = COLOR CHANNEL NUM; k < (iw - 1) * COLOR _CHANNEL NUM; k++) {

float gx = 1 * img[k + (i - 1) * w -1 * 4] (WlndOWS*)\
+ 2 % imglk + (i - 1) * w 40 * 4]
B R T I R -gopenmp-offload=gfx
- 1 * img[k + (1 + 1) * w -1 * 4] ! - - @
- 2 * img[k + (1 + 1) * w +0 * 4] (L|nux*) jjya /?9—7\\/
-1 % imglk + (L + 1) * w +1 * 4] e S

float gy = 1 * img[k + (i - 1) * w -1 * 4] \j: > 7—_
dmgle s (oD L s /N1 ADMERETCTEELE
+ 2 % imglk + (1 + 0) * w -1 * 4]
-2 * img[k + (i + 0) * w +1 * 4]
+ 1 % imglk + (1 + 1) * w -1 * 4]
-1 % imglk + (1 + 1) * w +1 * 47];

outp[i * w + k] = sqgrtf(gx * gx + gy * gy) / 2.0

}
}

return true;

}
= | 11
IS.B © 2020 iSUS *ZDfEn#t R HRBERE(F, —RICEHORR, BEXIFEREIETT,



target 71 L U5 17T depend fiZ{ERALT

GPU NJERIEAA 7 O— K9 54l

// arrl ZfHEME - 5—TvbAATO—R
#fpragma omp target map (from: arrl[0:SIZE]) depend(out:arrl) nowait
fpragma omp parallel for

for (int i = 0; 1 < SIZE; i++) { arrl[i] += 1i; }

// arr2 OFEE
#fpragma omp task depend (out:arr2)
fpragma omp parallel for
for (int i = 0; i1 < SIZE; i++) { arr2[i] += -i; }

/) =TV ECHE‘BREETE
fpragma omp target ¥
map (to: arrl[0:SIZE], arr2[0:SIZE]) ¥
map (from:arr3[0:SIZE]) ¥
nowait depend(in:arrl, arr2)
fpragma omp parallel for
for (int i = 0; i < SIZE; i++) { arr3[i] = arrl[i] + arr2[i]; }

fpragma omp taskwait
#pragma omp parallel for
for (int 1 = 0; 1 < SIZE; i++) { res[i] += arr3[i]; }

|Ss © 2020 iSUS *ZDfEn#t R HRBERE(F, —RICEHORR, BEXIFEREIETT,
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Classic AV /\1S>—Tilli5l{k

#fpragma omp parallel for
for (int 1 = 0; 1 < MAX; 1i++)
for (int k = 0; k < MAX; k++)
for (int j = 0; J < MAX; J++)
Cl[i][3] += A[1][k] * Blk]I[J];

B Intel Compiler 19,1 Update 1 Intel(R) 84 Visual Studio 2019

> icl matmul _cpu. cpp /Qopenmp /nologo
atmul _cpu. cpp

> matmul_cpu |
PASSED in 0.033000 sec (serial time was 0.217000 sec)

>

(]
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GPU A7 0O—FMIFICO—FZZXE

fpragma omp target teams distribute parallel for ¥
map (to: A, B) map(tofrom: C) thread limit(128)

for (int 1 = 0; 1 < MAX; 1++t)
for (int k = 0; k < MAX; k++)
for (int j = 0; j < MAX; J++)
Cli][3] += A[1][k] * Bl[k][J];

EX Intel Compiler 19.1 Update 1 Intel(R) 64 Visual Studic 2019

> icl matmul_cpu. cpp /Qopenmp /nologo

matmul_cpu. cpp ) . . .
icc: Z4 #10274: 75w b 74 —L " C:¥PROGRA™2¥INTELS 1¥COMPIL™1. 216¥! i nux¥bin¥

intel64¥x86_64-| inux. env’ O)*ﬁlﬁi}ﬁfﬁj;j\ UFEEh,

icc: T5— #10417: 4 > TI)LR) 3 A 5—ND3 A LEBEOREICEEASHY E
4. 'install path’ 3% ( goc.exe' M LEINE) ANRETT.

ol T5— #10340: A —4y ka1 /A LORTHICHBENSEE LE L,

Classic AV/\1 52— . DYV —R%ZDAVI\AMILTESEEA

' siISUS \
‘0o © 2020iSUS *ZDOfttD#tH  BRBGE L, —RICEHLORR BIEXCITERBEIETT,



Nextgen €E—FRTIOV/\TIL

BN Intel Compiler 19.1 Update 1 Intel(R) 64 Visual Studio 2019 — O >

> icl matmul _cpu. cpp /Qopenmp /nologo /Qnextgen
matmul_cpu. cpp

> matmul_cpu |
PASSED 1n 0.038000 sec (serial time was 0.253000

& "y rRRY b CPURIREICLZARY FARYE ~ @
BERE IR&EOJ YXU— RbATvT BHUHULREUEULE byTSUL.yU— O

CNIF, ECTETINTLDIDN?

o: + = |l@[zuwE v
& Ry Ry B CPU RIREIC £ B7Ry Ry I 2| OMP Master Thread #0 (TID._ - ¢/ [ Running
; b [ CPU E?EEE_
ITERTE j ) — . Fu T M
ﬁ .-Fi- =i ”EED{? 1__}? Fh I-K.n'il‘u’l .-’l.,-_#f :_F'-._}:IH:IILF" OL'.'1P "_-"."-:.’-qerTI'|read :_4 lTl ﬂ 7 CPU {Eﬁﬁg
CPU 575
b7 . il =
:sﬁ:J@H%FEEJ + 0.710s OMP Worker Thread #5 (TI i
CPU K 0.806s
ﬁ@?};E%Fé} : 0.518s OMP Worker Thread #2 (TI I
Al R 0.102s
A==~ FEfE " 0.186s R OMP Worker Thread #1 (TI
S5t ALw M 8
— AR Os OMP Worker Thread #6 (TI
OMP Worker Thread #7 (TI |i
) z% OMP Worker Thread #3 (TI
'... n © 2020 iSUS *Zz0fEmita B EmaRElE —RICEHTORR BiEsE _



Nextgen €— T /Qiopenmp AV /\TI)L

BX Intel Compiler 19,1 Update 1 Intel(R) &4 Visual Studic 2019

> icl matmul cpu.cpp /Qiopenmp /nologo /Qnextgen
atmul cpu. cpp

> matmul cpu

ﬁASSED in 0.035000 sec (serial time was 0.252000 sec)

E ~y rRRy b CPURIRECELBHY FRY R » @

cNE, ECTEITSNTLNDIDON?

&~y rRARY b CPURIBECEBAY FRMY B

BiRRE WENY 9vTU— REAFYT  EREL
$BESRE : 0.647s
CPU B5fd - 0.734s
BRGEsRE - 0.520s
AV BER 0.067s
A—I\—rw FESRE ~: 0.148s K
= & 8
— A RS 0s

giraE g0y H3U-—
O:+

OMP Master Thread #0 (TID ...

=
~

OMP Worker Thread #2 (TI
OMP Worker Thread #4 (Tl
OMP Worker Thread #7 (Tl
OMP Worker Thread #6 (Tl
OMP Worker Thread #1 (TI
OMP Worker Thread #5 (Tl

OMP Worker Thread #3 (TI

‘e © 2020iSUS *Z0t0it & MR EHE F, —BICSHOER, BIEE FBRHIETT,
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/Qopenmp-targets:spir64 iE

Intel Compiler 19.1 Update 1 Intel(R) 64 Visual Studic 2019

Microsoft (R) Program Maintenance Utility Version 14.26.28806.0
_ _ Copyright (C) Microsoft Corporation. All rights reserved.
> icl matmul _cpu. cpp /Qiopenmp /i
matmul| _cpu. cpp icl /Zi /02 /Qnextgen /Qiopenmp /Qopenmp-targets=spir64 matmul_cpu. cpp ”
2[“3?223:130 C:¥Program FiIes”(x86)¥lnteISWTools¥compiIers_and_libraries_2020.1.216¥windows¥l
tmu | ) |b¥omptarget. | Ib™ —o matmul-fat
Matmuf_cpu. cpp _ Intel (R) C++ Compiler for applications running on Intel (R) 64, Version 2021.1 Ne
LINK @ fatal error LNK1104: 77 7 xtGen Build 20200304
\ Copyright (C) 1985-2020 Intel Corporation. All rights reserved.
CDINRIFZEDE )L FIRIET
atmul _cpu. cpp
PC » Win10(C) Program Files (x86) IntelSWTools :::::rr|::i|E|'5. 906824 bC
- atmul_cpu. cpp
. Microsoft (R) Incremental Linker Version 14.26.28806.0
clang Copyright (C) Microsoft Corporation. All rights reserved.

@ | libomptarget-opencl.bc

B libon t-opencl.spv —out matmul-fat. exe

B omptarget.lib _debUg
—pdb :matmul-fat. pdb
—defaultlib:librompbmd. | 1b
-nodefaultlib:vcomp. | 1b
—nodefaultlib:vcompd. | 1b
C:/Users/kiyo/AppData/Local /Temp/19068146. ob j
C:/Users/kiyo/AppData/Local /Temp/1906853. obj
“C:/Program Files (x86)/IntelSWTools/compilers and |ibraries 2020.1.216/windows/
| ib/omptarget. lib”

Intel Compiler 19.1 Update 1 Intel(R) &4 Visual Studic 2019

' siISUS \
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EILRICIZ 2 DDAT Y avyhwE

s /Qiopenmp (Windows*), -giopenmp (Linux*)
m /Qopenmp-targets:spir64 (Windows*), -qopenmp-targets=spir64 (Linux*)
s omptarget.lib AD/\ARENNHE

BN Intel Compiler 12.1 Update 1 Intel(R) &4 Visual Studic 2019

> dir *_exe )
F242 CORY) a—L ZA)ULE Winl0 TS
R a—L ) T7IESIE BC63-5932 TT

C:¥Users¥kiyo¥Desktop¥oneAPl¥code¥matmul OF 4 Lo k1)

2020/07/12 05:15 1,150, 464 matmul-fat. exe
2020/07/12 05:11] 122, 368 matmul cpu. exe
2 BD774)L 1,272,832 /N1 k
0 EDF4 L2 kY 144,176,197, 632 /34 FDZE =451

EMENS/\1FU—IF, CPU /AT FU—& GPU /N1 FU—DEESN FAT N1 FU—ELGDFERT

‘e © 2020 iSUS *ZDfm#t S WREHREF, —RICRHOER, BIEX FBREIETT,



iy -
GPU CE{TI DICIE
OMP_TARGET OFFLOAD={"MANDATORY" | "DISABLED" | "DEFAULT" }

MANDATORY: GPU £2I37 05 L —45—CTH—4 v rElgnd—REET

DISABLED: CPU T —4 v MEIBOI— R&EZET

DEFAULT: 7 /\1 AN\ FI A AT BERIH R IC GPU TETIN FMETELBWIESRIZ cPU IC¥—T v Raalgod— R
HIA—)LIN\WOLTELT

B Intel Compiler 19,1 Update 1 Intel(R) &4 Visual Studio 2019

> set OMP_TARGET_OFFLOAD=DISABLED

> matmul-

PASSED in 6.033000 sec| (serial time was 0.257000 sec)

BN Intel Compiler 19,1 Update 1 Intel(R) 64 Visual Studio 2018

> set OMP_TARGET_OFFLOAD=MANDATORY

> matmul-

L&1?1? DASSED inl 2. 773000 sec] (serial time was 0.260000 sec)

' siISUS \
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DT INA ATETIBICIE (AT aY)

m LIBOMPTARGET DEVICETYPE IC cpu, gpu, accelerator Zi5EETCEEIH' D
TINARAZEFERITBICIETT/INAREYINR— I35 TSU—DREICGEDERT

m OMP TARGET OFFLOAD CHE&ELET

B Intel(r) cneAPl Tocls — O .

> set LIBOMPTARGET DEVICETYPE=accelerator

> matmul-fat
arget LEVELO RTL —> Warning: Invalid LIBOMPTARGET DEVICETYPE=accelerator
arget OPENCL RTL —> Warning: Invalid or unsupported LIBOMPTARGET DEVICETYPE=ac

elerator
tart to Calc , |
OpenMP Offload PASSED in 3.302000 sec (serial time was 0.257000 sec)

' siISUS \
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A70-F70O771)L

m A7O0—FNeENT AT BICIE, LIBOMPTARGET PROFILE IRIEZE =% E
set LIBOMPTARGET_PROFILE=T

m ZOEIHS, GPU DT —IDXERR (Data-Write) & GPU H'\BDT—IDZ{EMEM (Data-
Read) Mo H\DEI A7 0O—F TARGET %815, (EXEC) — main() @ 56 {ITBH\®ND . CDOH—X
L CEVPSNEREN RSN TULET

BN Intel(r) onedAP| Tools — O x

> set LIBOMPTARGET_PROF ILE=T

> matmul-fat

Start to Calc .
OpenMP Offload PASSED in 1.557000 sec (serial time was 0.259000 sec)
| IBOMPTARGET_PROFILE for OMP DEVICE(0) Intel (R) Gen9, Thread 8308
—— Name: Host Time (msec)

— DataAl loc: 0.162

— DataRead: 0. 241

—— DataWrite: 2.893

—— Kernel#__omp_offloading_bc635932_aablb__ Zd4main_156: 1272.504
— ModuleBuild: 223. 446

— Total: 1499. 245

-

' siISUS \
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A70—-FROTI\vS

 ABOTOT7AILNERFENEMES, OpenMP* 5251 L GPU RS /(-
b TEBN ORI LERKLET

s SBOICEFLLT/N\Y T ITBICIE, IRIEZH LIBOMPTARGET DEBUG=5 Z&&EL TP T UT—2/3

T I\ A&

VEBEERITLERT

BN Intel(r) cneAPl Tools

> set LIBOMPTARGET DEBUG=5
> matmul-fat 2> debug. txt

ftart to Calc
OpenMP Offload PASSED in 1.

Libomptarget --> TargetOffloadPolicy = DEFAULT

Libomptarget --> Initialized OMPT
Libomptarget --> Loading RTLs...

Libomptarget --> Loading library 'omptarget.rtl.levelO.dll...

Target LEVELO RTL --> Target device type is set to GPU

Target LEVELO RTL --> omp_get _thread_limit() returned 2147483647
Target LEVELO RTL --> omp_get_max_teams() returned O
Libomptarget --> Successfully loaded library 'omptarget.rtl.levelO.dll'

Libomptarget --> Optional interface;
Libomptarget --> Optional interface;
Libomptarget --> Optional interface:
Libomptarget --> Optional interface;
Libomptarget --> Optional interface;
Libomptarget --> Optional interface;
Libomptarget --> Optional interface;
Libomptarget --> Optional interface;
Libomptarget --> Optional interface;
Libomptarget --> Optional interface:
Libomptarget --> Optional interface:
Libomptarget --> Optional interface:
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__tgt rtl_data_submit_nowait

__tgt rtl data_retrieve_nowait
__tgt_rtl_manifest_data_for _region

__tgt rtl data_alloc_base
__tgt_rtl_create buffer

__tgt rtl_release buffer

__tgt rtl_run_target team nd region
__tgt rtl_run_target region_nowait

__tgt rtl_run_target team region_nowait
__tgt rtl_run_target team nd_region_nowait
__tgt rtl create offload queue

__tgt rtl release offload _queue
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B (1)

fpragma omp data map(to: A, B) map(tofrom: C)

fpragma omp target teams distribute parallel for thread limit (128)
for (int 1 = 0; 1 < MAX; 1++)
for (int k = 0; k < MAX; k++)
for (int 3 = 0; 3 < MAX; Jj++)
C[1]1[3] += Al1i][k] * B[k]I[J];

set OMP_TARGET OFFLOAD=DISABLED
matmu | —-dmap. exe

tart to Calc | |
OpenMP Offload PASSED in 0.038000 sec (serial time was 0.260000 sec)

set OMP_TARGET OFFLOAD=MANDATORY
matmu | —-dmap. exe

tart to Calc | |
OpenMP Offload PASSED in 1.253000 sec (serial time was 0.258000 sec)
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A RIE (2)

fpragma omp data map (to: map (tofrom: C)

#pragma omp target teams distribute thread 1limit (128)
for (int 1 = 0; 1 < MAX,; 1i++)
for (int k = 0; k < MAX; k++)
#fpragma omp parallel for
for (int j = 0; j < MAX; Jj++)
Cli][J] += A[1][k] * B[k]I[J]7

} set OMP_TARGET_OFFLOAD=DISABLED
matmul-optl. exe
Start to Calc | |
OpenMP Offload PASSED 1n 0.884000 sec (serial time was 0.261000 sec)

set OMP_TARGET_OFFLOAD=MANDATORY

matmul-optl. exe
Start to Calc | |
OpenMP Offload PASSED 1n 0.389000 sec (serial time was 0. 255000 sec)
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#include <CL/sycl.hpp>
#include <iostream>
constexpr int num=16;
using namespace cl::sycl;

int main() {
auto R = range<1>{ num };
buffer<int> A{ R };

queue{}.submit([&] (handler& h) {
auto out =

A.get_access<access::mode: :write>(h);

h.parallel for(R, [=](id<1> idx) {
out[idx] = idx[@];
1)
1)
auto result =
A.get access<access::mode: :read>();

for (int i=0; i<num; ++1i)
std::cout << result[i] << "¥n";

return 0;




penMP* Db

#fpragma omp target teams distribute parallel for ¥

map (to: A, B) map(tofrom: C) thread limit (128)
91;“ C++ A for (int 1 = 0; i < MAX; i++)
for (int k = 0; k < MAX; k++)

. f ' ] = 0; 7 < ;oJ++
cl::sycl::gpu selector device; or (int J 07 3 MAX7 J++)
cl::sycl::queue deviceQueue (device) ; C[1i]I[3] += A[i][k] * B[kl[3J]~
cl::sycl::range<2> matrix range (MAX, MAX);
cl::sycl::buffer<TYPE, 2> bufferA((TYPE*) A, matrix range);
cl::sycl::buffer<TYPE, 2> bufferB((TYPE*) B, matrix range);
cl::sycl::buffer<TYPE, 2> bufferC((TYPE*) C, matrix range);
deviceQueue.submit([&] (cl::sycl::handler& cgh) {

auto accessorA = bufferA.template get access<sycl::access::mode::read>(cgh);
auto accessorB = bufferB.template get access<sycl::access::mode::read>(cgh);
auto accessorC = bufferC.template get access<sycl::access::mode::read write>(cgh);
cgh.parallel for(matrix range,

[=] (cl::sycl::1d<2> 1ind) {

int k;

for (k=0; k<MAX; k++){

accessorC[ind[0]][ind[1l]] += accessorA[ind[0]][k] * accessorB[k] [ind[1l]];

1) ;
})

|$B © 2020iSUS *Z0fttD#tH  BRABGE L, —RICEHORR BIEXCIETERBEIETT,
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C/C++:| I~d)

ﬂﬂghﬂ-lﬁﬂﬁ&

:sycl::accessor<TYPE, 2, :sycl::access::mode: :read write, :sycl:
aTlle( l..sycl..range<2>(MATRIX_TILE_SIZE, MATRIX TILE SIZE), cgh),
cl::sycl::accessor<TYPE, 2, cl::sycl::access::mode::read write, cl::sycl:
bTile(cl::sycl::range<2>(MATRIX TILE SIZE, MATRIX TILE SIZE), cgh);

cgh.parallel for(cl: :nd

[=] (cl:

int k;
const
const
const
const int
const int globalCol
TYPE acc = 0.0;

for (int t=0; t<num

:sycl:
:sycl:

numTiles
row = it
col it
globalRow

int
int
int =

const int tiledRow =

const int tiled
aTile[row] [col]
bTile[row] [col]
it.barrier(cl:

for (k = 0; k <

acc += aTile[row] [k]

}

it.barrier(cl:

}

accessorCl[globalRow

)

© 2020 iSUS *Z2Dfttmt & B REAEE (E,

_range<Z2>(matrix range,
:nd item<2> it) {

:sycl:

:sycl:

tile range),

= MAX/MATRIX TILE SIZE;

.get local 1d(0);
.get local id(1);

= MATRIX TILE SIZE * it.get group (0)
= MATRIX TILE SIZE * it.get group (1)

+ row;

+ col;

Tiles; t++){

MATRIX TILE SIZE * t + row;

Col = MATRIX TILE SIZE * t + col;
= accessorA[globalRow][tlledCol],
= accessorB[tiledRow] [globalCol];

:access: :fence space:

MATRIX TILE SIZE; k++) {

* bTilelk] [col];

:local space);

:access::fence space::local space);

] [globalCol] = acc;

—MRICEADRR, AIRECIFBERBIECI,

.access:

‘:I:

raccess::target::local>

:target::local>

16 x 16 DITILEESE

J0OvIteER

LT
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INT A=V XIT -

127 )L® Core™i7-9600K (1> FIL° UHD 571w R 630) TEIT

Intel(r) oneAPl Tools

> nmake run

Microsoft (R) Program Maintenance Utility Version 14.26. 28806. 0
Copyright (C) Microsoft Corporation. All rights reserved.

set OMP_TARGET_OFFLOAD=DISABLED

matmul-fat. exe
Ctart tn Cale

OpenMP Offload PASSED in 0.034000 sec (serial time was 0.251000 sec)

Set UMP_TARGET_UFFLUAD=MANDATURY

matmul-fat. exe
Ctart to Cale

OpenMP Offload PASSED in 1.231000 sec (serial time was 0.252000 sec)

matmul—dpc. exe

Q+nr+ to cale

LA =

Iata Parallel C++ PASSED in 0.861000 sec (serial time was 0.356000 sec)

matmul-dpcopt. exe
tart to calc

Data Parallel C++ PASSED in 0.638000 sec (serial time was 0.354000 sec)

NT A=V RIERPD DPC++ HIUVS1TSU—=ERLTHELEDHDTH

‘e SB © 2020 iSUS *Z20ftmtt & B RABGE [F, —RICEHORR, BIZECIEE

FIREECY,

1> FI)L® Core™i7-1065G (17 )L® Iris® Plus S5 74w RX) TELT

Intel(r) oneAPI Tools

> nmake run

Microsoft (R) Program Maintenance Utility Version 14.26.28806.0
Copyright (C) Microsoft Corporation. All rights reserved.

set OMP_TARGET_OFFLOAD=DISABLED

matmul-fat. exe
Start to Calc

OpenMP Offload PASSED in 0.075000 sec (serial time was 0.263000 sec)

Set UMP_TARGET_OrFLOAD=MANDATORY

matmul-fat. exe
Qtart to Calc

DpenMP Offload PASSED in 0.846000 sec (serial time was 0.262000 sec)

matmul—=dpc. exe

S o

Iata Parallel C++ PASSED in 0.907000 sec (serial time was 0.553000 sec)

matmul-dpcopt. exe
Start tao calc

Data Parallel C++ PASSED in 0.637000 sec (serial time was 0.529000 sec)
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N—HNRAVTIL® C++ AV INAT—BELXONRN—F kA>T IL® Fortran 3>/ /\1
S —[@IFD GPU A\D OpenMP* A7 0O—RE A

https://www.isus.jp/products/c-compilers/get-started-with-cpp-fortran-
compiler-openmp/
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https://www.isus.jp/products/c-compilers/get-started-with-cpp-fortran-compiler-openmp/

cE8

oneAPI| @IFMOT—# 5l C++ (DPC++) \ITT DHIIC,

14> F)L® C++/Fortran 3>/ /\1Z>—V19.1 ®1>7F)L°® oneAPI HPC WV—/JL¥* v |
ICEENBIN—SRRA T IL® C++/Fortran O /\1>— 2021 Z{EHL CHEIC
AT TSTAVIANDAT7O—RFZITOIV I DI 7 ZHRESSIOMREIECEET

S -% Intel,1>7 )L, Intel O3, VTune (&, 7 XURHEREH LD | £IEFZOMOEICHIFS Intel Corporation E2EFZDFEHOEIETT,
o © 2020 iSUS *ZDIEDH BB BELE F, —RICEHOE T, BIEE FERHIETT,



127 )L° oneAPlI HPC W —J)L¥ v |~ Beta09 MIELL (1)

1> 7)L° oneAPI HPC YV—JLFv MICE#RENS 1> 7 )L® 32 /)\1 55— OpenMP* 5.0
MIEICHR—baNnELE

BEA Intel(r) oneAP| Tools

> icl omp_oct2019. ¢ /Qopenmp /nologo /WO
omp_oct2019. ¢

> omp_oct2019 _ | S5 wHE—R

> icx omp_oct2019.c¢ /Qopenmp /nologo /WO

D omp_ oct2019

j Nextgen €—
OpenMP Version: 5.0 f2018111

AT IL® OV INAS5—0 Nextgen E—FTIEX . IFVVIE—RTHIR—LaNTL\E, LW<DH\DA T3>
WARYR—kEEoTUVET, 55 Ml /Qnextgen-diag A 723> THEREL TLIESL)

' siISUS \
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1>7)L° oneAPlI HPC W —J)L¥wv |~ Beta09 MIELL (2)

1> 7)L® oneAPI HPC Y —JLF v HCIﬂﬂﬂéﬂé’l"/j")b@ 1> )\1>—7T OpenMP* 5.0 z'JVIEfﬁ
IC*D“/‘I'\"—I?;E:*TLECUCJ:D\ BIEIDLEY Y3V THBNLIELK DD OpenMP* 5.0 MEERENE RS
NTLE

fpragma omp parallel loop private(x) reduction (+:sum)
for (1=0; i<num steps; 1++)
{
X = (1 + .5)*step;
sum += 4.0/ (1.+ x*x);

EH Intel(r) oneAPl Tools — =] b B3 Intel(r) oneAPl Tools — O %

> icx pi.c /Qopenmp /DLOOP

Intel (R) oneAPI DPC++/C++ Compiler Pro for applications running on Intel (R) 64,
Version 2021. 1 Beta Build 20200827

Copyright (C) 1985-2020 Intel Corporation. All rights reserved.

> icl pi.c /Qopenmp /DLOOP )

A4 2TILQR) 64 winA TILR) CH+ a4 5— (42T ILR) 64 LT FT)H5H—
avA) =232 20211 R—=4 EJLF 20200827

(C) 1985-2020 Intel Corporation. ZEERITOIIH. GEHZELET,

(200 T5—: omp BIZEBXIZ—HWHYET, al

#pragma omp parallel loop private(x) reduction(+:sum)

The value of Pl is 3.1415927
The time to calculate PI was 0.152000 seconds

Classic Nextgen
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OpenMP* 5.1 D#liRE 5.0 XJEDHIRE

= OpenMP* 5.1 TR9 DR T MR AN TLET:
https://www.openmp.org/wp-content/uploads/openmp-TR9.pdf

= OpenMP* Application Programming Interface Examples
version 5.0.1 N ARSNTLET:

https://www.openmp.org/openmp-updates/openmp-examples-updated-
with-5-0-features/
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