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Maximum Parallel Speed-up

o J— RMD50% % WFHE
1/(100% - 50%) = 1/(1.0 - 0.50) = 2.0{5
o J— RMD25% % WFHE

1/(100% - 25%) = 1/(1.0 - 0.25) = 1.345

o J— RMD90% &AW FI{E Runtime (25%)
1/(100% - 90%) = 1/(1.0 - 0.90) = 10.04=

Total Parallel
Runtime (50%)

Total Parallel Total §eria|
Runtime (90%) Runtime
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CPU vs GPU
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Grid, Block, Thread, Warp
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Block (1, 1)

GRID A 3Rt CEFHMDBLOCKZRD
BLOCK A 3/RIc CIEEIDTHREADZFFD

THREAD Wi5l{bDz/INEH{iL
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: CUDA Programming Guided< D
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Single-Instruction Multiple-Threads

NVIDIA CUDA GPUDIEFI{EEF IV TO T1 T2 T3 T4 T5 T6 T7
SIMD (Single-Instruction Multiple-Data) 1]le|3]4]->]6]7]8
ER—EREXTLL + o+ o+ o+ o+ o+ o+ o+
HWEOALY KPELHS Gteg) zmey 2 | 0|12 B]M]]T0
CEFT TS I I I I I I I I

10 (12 | 14 | 16 | 18 | 20 | 22 | 24

NVIDIA GPU(IWarpE{iI CiF % E1T
(Warp = 32 Threads)
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® CUDA C++, CUDA Fortran
NVIDIA GPURICBEFEENEEMIND OIS =D
® OpenACC
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® OpenMP accelerator model
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CUDA C++, CUDA Fortran

module mymodule

GPGPUREIF DTS EE ul

NVIDIAIC L DCUDA C++hHiEdE attributes(global) subroutine saxpy(n, a, X, Yy)
real :: x(:), y(:), a

PGI(C KD CUDA Fortranh'PGlI integer :: n, 1

o attributes(value) :: a, n
dA>I\1S5TEREEND i = threadIdx%x+(blockIdx%x-1)*blockDim%x
if (i<=n) y(i) = a*x(i)+y(i)
D%, NVIDIA[ZIPGIZEIRL end subroutine saxpy
CUDA Fortran&NVIDIARA end module mymodule
;-47@;%/\ nt = 128

call saxpy<<<(n+nt-1)/nt, nt>>>(n, a, x, y)

OpenACC
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OpenMP accelerator model

OpenMP version 4.0 TEA SN/hiR{LEx subroutine saxpy(n, a, X, y)

real :: x(:), y(:),
enMP(d::L—'U"—(c_Jiéﬂﬂmﬂ&ﬂt’i‘”b"&ﬁ integer :: n, ):( °
B T ND I, HROHIIS = LI | o target nip(cox(1in)) &
71&]; EII3INENRHS map(tofrom:y(1:n))

I$omp teams

“ o ! distribut llel d
SEDY—4Y N THBNVIDIA HPC > )¢ | onp distribute parallel do

doi=1,n

SHERELU TS 0penACCICEEATERIEE y(i) = a*x(i) + y(i)
DD TIRVERR end do

I$omp end teams
I$omp end target
end subroutine saxpy

OpenACC
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OpenACC

2011£E(Cversion 1.0HVRE, OpenMP(CiIELN subroutine saxpy(n, a, X, y)
AA—=TIAATrPIOESL—AIO093= real :: x(:), y(:), a
>ab\ﬁ_|'ﬁlg integer :: n, i
!$acc.kernels
CUDAY?OpenMP accelerator modell[CLENAT doy?ij 1’32)((1) o i)
I\— RO I 7#l&E X DREIHAEU end do
I$acc end kernels
NVIDIA HPCO>I\ASTHIRHTES end subroutine saxpy
BH—@M1— RTCPU, GPUETTZE, EHULZE
LYo
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EEEEENEEEEEEEEEN

Compute-\i\ntensive@)lz—7°7&0penACC5‘"4 EEEEEEEEEEEEEEE
LOF12JZRBAWVWTGPUICATO—RT S '\\V/‘/’

GPUADA TO— RIFBACLDCPUEGPU | int main(){
DETF — BRI BEERS cceqvential codes

CPU(iGPU@*“ﬁ“@*UsGPuwﬂﬁyu'rﬁ’&ssb\ #pr-agma acc kernels e Compiler
BRWI—-RZETIS {
<parallel code>

}
}

—

Hint
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NVIDIA HPC SDK

A Comprehensive Suite of Compilers, Libraries and Tools for HPC

eIAS5, SAT3VU. JOT745. F)I\vwHotzy b
® CUDA SDK + Open MPI + NVIDIA HPCO>\AS (IBPGIO> /N1 S5)

DEVELOPMENT AMALYSIS

Standard Ca-+ & Foriran nacC e libcus+ cuBLAS cuTEME0R Open WP Msight ||  cuda- gdb
OpenACE & OpenMP W Thst uSPARSE  cuSOLVER WYSHMES Syems it
: ~ ~ Compule b
CUDA rfiariran cup cuFFT cuRAND HCCL
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[BPGIO> NS IN—=3 2204 THFRT

ST PGl 20.4% U R— L URFREZE k.
NVIDIA HPCOI\AS K—3 >4 5HiEE

e IHPGIO > )\1 S(ENVIDIA V100 GPUETEHR— b
® NVIDIA A100 GPUBEDFRIFE(LIEINVIDIA HPCO I\ STEEETNS

pgc pgc++ pgfortran

NVIDIA nvc nvc+ + nvfortran
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ISO/ANSI C99/C11

ISO/ANSI
C++03/C++11/C++14/C++17/C++20

ISO/ANSI Fortran 2003 (2008D% < DHEHE)

OpenMP Version 3.1, 4.5, 5.0 subsets
OpenACC Version 2.7 (—&B%&#<)
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® PGl Community Edition (CE) ZEef L TLV/E
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OpenACC

This material is released by Prometech Software Inc. under the CC BY-NC-ND 4.0


https://developer.nvidia.com/hpc-sdk
https://hpcworld.jp/support/

A>)\A1 SDOFEMERICDNT
o RStV IV bRt - EEETNTEIAPGI] >\ SDOEHiFEHRICDOWNT
MR ), — T hYHEET B3HPC WORLDIC T 7 —HAJ =it

® NVIDIA HPCOAI\ASDAT S a3 >BEARMICIHPGIOA NS ERU

¢ [HPGIO > /N1 SHiiTIREIRD TP —H1 T
https://hpcworld.jp/pgi-compiler-archive/
® NVIDIA HPC SDKD FFI1 X >k

https://docs.nvidia.com/hpc-sdk/index.html
® SDKDOYU—X_J—b®DER

https://hpcworld.jp/nvsdk releasenotes/
OpenACC

This material is released by Prometech Software Inc. under the CC BY-NC-ND 4.0


https://hpcworld.jp/pgi-compiler-archive/
https://docs.nvidia.com/hpc-sdk/index.html
https://hpcworld.jp/nvsdk_releasenotes/

2. OpenACCZED =T 09 S LDMFHE

OpenACC



i. OpenACCODIIE

This material is released by Prometech Software Inc. under the CC BY-NC-ND 4.0



OpenACC is a directives-

based programming
approach to paraIIeI

computing designed for
performance and

portability on CPUs and
GPUs for HPC.

OpenACC

Add Simple Compiler Directive

main()

{

<serial code>
#pragma acc kernels

{

<parallel code>

}

}

OpenACG
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3 Ways to Accelerate Applications

Applications

S Compiler Programming
Libraries .
Directives Languages
Easy to use Easy to use Most Performance
Most Performance Portable code Most Flexibility
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m Single Source Low Learning Curve
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\E5, 5 IN—ROIT7ICa&DHE D T
* EZ;%”%Z%EE% CAIEFEZIRE ° ) \—EU‘I‘TGD;%M%I]
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OpenACCODFR (incremental)

o HIFOZX R ]— R
ARy

o WIFItEFTA L U5«
J Ttk

o IELLEIVES. T«

L o5« J Ds¥liZ e
hRURE{ET S
OpenACC

Enhance Sequential Code

#pragma acc parallel loop
for(i=0;i < N;i++)
{

< loop code >

}

#pragma acc parallel loop
for(i=0;i < N;i++)

{

< loop code >

}

ZRNIE T — RafF
%93

OpenACCTHiFI{b

d—RHBIEULLEBWES,
WE(CKUOpenACCI— R
ZIEIE - ETD
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OpenACCODFIR (single source)

>\ SIEMEN/=0penACC
dA—RZEBRIDICEHETETIIEH.
B U J— RZELEFINE (CHZ R (C

Single Source

Supported Platforms HEHITICENTES

o O—REEERTEN

x86 CPU DN\—KoTFTUE | [

L |\ int main(){
NVIDIA GPU o ,:'\“/’Ifgab“(ﬁﬁgﬂ
—RDUIT7IC ; ;

Arm CPU CHFUEHEERE T e PP

o ERINE]— ROHES < loop code >
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OpenACCDFIR (low learning curve)

Parallel Hardware

EENENENEEENEEEEN

Low Learning Curve

EENENENEEEEEEEEN

EENENENNEEEEEEEN
EENENENNEEEEEEEN

EENENENNEEEEEEEN
EENENENEEEEEEEEN
EEEEENENNENEEEEN
EENENENNEEEEEEEN

‘ ® OpenACCIIEGEH(CF
A—Y—3a>)\(5 B -F38T&E3

it maind! CUFUELEVEBHD | 1—F—@@ENMENSE
<sequential code> - E>bhE5RD C, C++, ¥Jc(EFortran
ZEDIFFATES

Compiler

- S o J\— RO T POEN
) L ZRES Y T meraTesRmT

#pragma acc kernels <=

{

<parallel code>

} N—KkoT7icELE | €9
| LHNIBE LR T S
OpenACC

This material is released by Prometech Software Inc. under the CC BY-NC-ND 4.0



OpenACC Resources

Guides e Talks e Tutorials e Videos  Books e Spec e Code Samples e Teaching Materials e Events e Success Stories e Courses o Slack e Stack Overflow

Resources
https://www.openacc.org/resources
OpenACC
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B Guides & Books
Itroduction to OpeAACC Quick Guides: 3] ParalielProgramming with OpenACC
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25 semac ot g
S

B Tutorials
a Programming Massively Paraliel Procassors, Third

Edition: AHands-on Approach

Compilers and Tools
https://www.openacc.org/tools

opanhct

Downloads & Tools

OpenACC compilers, profilers and debuggers are designed and available to download from multiple vendors and academic organizations.

Commercial Compilers Open S

PGI

PGl Accelerator Compilers with
o irecti

Zﬂ EREETREEON

Contact Cray Inc for more information. Contact National Supercomputing 6ece
<

OpenACC

e, Less Programming

Success Stories
https://www.openacc.org/success-stories
OpenACC

wwwww

Success Stories

are sharing thelr results and experiences.

Events
https://www.openacc.org/events
OpenACC

Events

The OpenA variety 2 y from talks
at hackath User Group meetings. Join our events
around the world c to participate the OpenaCC = o
User Group. AR gt ),
Y

Hackathons 2017 Calendar

Oy tools. . a

oot 15 &

lead P <F) L (ORNU). For
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OpenACCOD 11— Rl

Array pairing example

subroutine pairing(input, output, N)

do i =1, N
output(i) = input(i*2-1) + input(i*2);
end do
end subroutine

OpenAGC output
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Array pairing example - parallel

subroutine pairing(input, output, N)
1$acc parallel loop
do i =1, N
output(i) = input(i*2-1) + input(i*2);
end do
end subroutine

OpenAGC output
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Not all loops are parallel

subroutine pairing(a, N)

!$acc parallel loop ERRITLMITRITT
doi=2, N HAEBEENEDDOTUES
a(i) = a(i) + a(i-1)
end do

end subroutine

OpenACC
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OpenACC syntax

Syntax for using OpenACC directives in code

I$acc directive clauses #pragma acc directive clauses
<code> <code>

@ directive: Fortran[CBWTHFBIIR I A —Y MDA FT, O—RDOI>INAIL
HiEZIINASICIBRU. pragmal@ERICOIINASIEHICEHIATES

® pragma: C, C++[cBVWTI—RDIII\AILGEZIVINA SICBABIZHDT VY
JOtvY., sEdikENizpragmahFIRTERWVRICO NN, SIEERICEIATE
3

® “acc”: BICHELS XH0penACCT 1 LTI THDEEZAVINATICHBRAD

® Directives: OpenACCCI— RZEEI B CHDIVU R

® Clauses: directives®ISTE2IEMD Z &
OpenACC
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Parallel directive
BA; RN S{EDIE R

Parallel Hardware

| = parallel>1 L7121, TINAALIC
- bangs (UFISEH) £ERT B k> (22

SlciExRd D
" - gangslF /A R DALY RBDMIILTE
W IN—T
v = parallel>« L7 J(ICEFENSDI—RIE
<sequential code> / IR TDgangslC LD TRERITEND

1$acc parallel
<sequential code>
1$acc end parallel

OpenACC
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Parallel directive
BH—)L—J DiiFl{t

P e - WHIEFTEHIEVERIC DL Tparallel> « L
Rt U714 TEIBET S
aa) = - WHIUEZNBHEIEC, C++ TIXPIFI,
G end Rl FortranTld!$accd3 KU ' $acc endTIRET D
* loopT 1 LI 5« J(FRDIV—TZAIEL
gangsZXICHDODTEITIBLSIAIINASIC

#pragma acc parallel }eRd 3

{

#pragma acc loop
for(int 1 = @; 1 < N; i++)
al[i] = o;
}

OpenACC
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Parallel directive
BH—)L—2J Dili5l{t (BgsEHE)

« EORIZS ST LD D—RIRIIHESET,
!$acc parallel loop 13057« L7414 I CKDIRTDHEFIEIE
T RH\ETHE
a(l) =
end do « parallel loopT -+ L7 JICkDUiFISKITHA
Egg—avaanﬁk\»—ijwmhm
#pragma acc parallel loop ] T_gmﬁﬁa{%ﬂ‘\aéjb_j!'—_!-ﬁm bti%é(d:
For(int i = 8 i < N; i++) parallel loopldERDOIEEIBZITS CEMHSD
ali] = 6 = OpenMPERIUVYF— (explicit
parallelization)

OpenACC
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Parallel directive

EHDIL—T D54t
I$acc par\a]_]_e]_ ]_oop = *Eﬁ)b—?oiﬂﬁyu{b?‘éﬁé\ g’)lf—jo(:
doi=1, N parallel>r L7« J DEihHHE
i) = 0
2 = FAWMHIL—TERRBRDIN—T A X EIIN—T Rl
I$acc parallel loop (A EZIERTED
do j =1, M
b(j) = © = FWMHTIL—TERIRD A ETUHIEZIBRTES

= 1DOAFIEIHIC1DDAFTNIL—T ZE L DZEHER

OpenACC
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Parallel directive

Expressing parallelism

Qo o
8 S
I$acc parallel gang gang
doi=1, N o o
a(i) = 3 S
end do
gang gang
I$acc end parallel
parallel>-« L 27«1 T h'5d o o
mRENIZEE. - -
AN SIE1DU LD gang gang
gangs%Z £ Bk b\
nE% T&AT

OpenACC
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Parallel directive

Expressing parallelism

I$acc parallel

loop

I$acc end paralle

IL—T 1% gangsT
RMICRITEND
(Bgangsld. IL—T£4%
E179 B. )

OpenACC

Q. Q.
o (o)
© ©
gang gang
Q. Q.
o) (o)
© o
gang gang
Q. Q.
(o) o
o o
gang gang
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Parallel directive

Expressing parallelism

I$acc parallel

I$acc loop

I$acc end parallel

loopT 1 LOF1J(XED
=T &AM TSIHh >
INA SNJER

OpenACC
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v. Kernels directive
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Kernels directive
A1 SIckBFE

CPU rParaIIeI Hardware

[. | * kernelsT« L7+ 73— RAADAFIIL—T
- BRETDLSCAV)IASICETRTS

\ | « A2INA ST ZRhLUTEEMDIEEER L
: NIV BNRAFEFNBI—IT ZU5ET S
SESuEnSEn @oe = kernelsF+ LT+ T38RI —TH' 358
#pragma acc kernels ﬁﬁ(:*&btﬁﬁ?%:&ﬁﬂﬁg
{ <for loop> - HEEBNRASE

<for loop>
}

OpenACC
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Kernels directive

BH—)L—J D54t

I$acc kernels = EOI— RHITIE. kernelss«1 L5741 %&
doa?i? i)@'\' doX J=(Efor IL—T (CiEH

end dod cernel = A2\ A S>EERENTTIV—T(CDNT, i3l

'$acc end kernels UY—ZTOFIE &I —T Rl E#H S

= J2)I\A SHhMSETERNEHERUZESE
wH{ER LTI /INA LTINS

#pragma acc kernels
for(int i = @; 1 < N; i++)
al[i] = 0;

OpenACC
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Kernels directive
EHIL—IJ DAHIE

I$acc kernels
doi=1, N
a(i) = o

end do

do j =1, M
b(j) = @
end do
I$acc end kernels

#pragma acc kernels

{
for(int 1 = @; i < N; i++)
a[i] = o;

for(int j = 0; j < M; j++)
b[j] = ©;
}

OpenACC

= ROHITEI—KRITOYIDili5l{EZkernels
S14ULO9574TTHERRUTWS

= J—R2JOv213C, C++ TGN ZfEL),
FortranTld!$accB LU ! $acc end CEERI D

= H—)L—JHEELERICO>DIINASEO—RT
OY2JADIANTDIL—T [CDVWTHEBIICAFY
{t&miE{b'iidrd
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Kernels directive

Expressing parallelism

I$acc kernels

doi=1, N
a(i) = 0
end do

doi=1, M
b(j) = ©
end do

l$acc end kernels

kernels(EEZAK) (Cloop
1L IF+1IJ&IBE

OpenACC
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Kernels directive

Expressing parallelism
FiMFIL—T (CIXRR D P A XDgangsHiEID 2T

I$acc kernels 5N. #&gangsldilZ (CAEFHEE RBE{EDTIONS
do i =1, N
a(i) = o
end do
doi=1, M
b(j) =0
end do

I$acc end kernels

i34t - ®EEI OX(E
kernelsA CTHEIEITEIND

OpenACC
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Kernels directive

Fortran array syntax

I$acc kernels

a(:) =1

b(:) = 2

c(:) = a(:) + b(:)

l$acc end kernels

I$acc para 0

c(:) = a(:

OpenACC

= kernelsT 1 L5+ J'(dparallel& B2 D
Fortran®array notation (BE25I#83Z) DiuliFl{t

EoJHE
= paralleli$loop7 + L9571 J ERNTHIUE

MBS loopT+ LIF 4 J'ldarray
notatlon’ijt§“1b_lﬁ37a)b—7 & b'C Bl C =

Zq A

= kernelsldd— ROV O WRETETBDT.
IE U < WE5I{Ehi el &k
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Kernels vs parallel

Kernels Parallel

« 1—5—hBARE (CHIHEABTIRTE
LI2NAS(CHERT S

= A—Y—h\ERE R

« &FIL—TJ &R ICAHFHE LR TNIER
5730\

OpenACC

« A—H—h4ERU. O\ SHiiiFl
{EXRRZRDD

= A2I\A ShiaRZ L
BB T 'FTLHTHINLTES
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vi. Loop directive
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Loop directive

« H—)L—J DiliFl{bZiaxR

= =T ICET B EEHPREE{EEI>INTSIC
BRX3CENTZSD

= =T & EDKLSICHMHLT DO EERLZIZRS
ETIBRTES (OpenMP + )

= )L—JZMSHET D I=HIC(EOpenACCOD
HlgHisk (parallel or kernels region) ([CSE
NTWSIRENDD

OpenACC

I$acc loop
doi=1, N
a(i) = 0

end do

#pragma acc loop
for(int 1 = @; i < N; i++)
a(i) = o;
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Loop directive
parallel> -t L7« JADIL—T 5t

« £OJ—RDFES. R¥MIDIL—T (LloopiliFi{E

I$acc parallel NN
RN - BUOIL—TITRLIHEDTON, -T2
A FHRIEFIVY—2R (BIXIEZLY R) [C&DT
EBHEEITEINDS
Rt - 22EDIL—T FloopitFHEIC &> TI—T D
b(j) = © HREVEHAETI VY — AR TETICHBIET
end do =N

I$acc end parallel

OpenACC
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Loop directive

kernelsT« L2514 JADIIL—J AiMiFI{L

I$acc kernels

I$acc loop
doi=1, N
a(i) = o

end do

I$acc loop
do j =1, M
b(j) = ©

end do

I$acc end kernels

OpenACC

= kernelsT« L7« J TlEloopT+ LIF 4
IHBRICEEREETND

« I—Y—(IloopT 1 LIFT4T(CLDIL—T il
Sl{tZBARTEAIN,. AN SORBILICES
EBHES5XDCEMNHD

= loopT 4 L7« T IAREEN. IL—JB4&D
iEﬂS(d::L—ﬂ‘—b"CE%
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Loop directive

28 )L—J DAL
I$acc parallel loop = %E)b_joa)ﬂ]zyu4bﬁijﬁg_€\ ‘ﬁlb—jo(c'_'loop
doj =1, M FTALIDTAIEE5RDCENTES
I$acc loop
do i =1, N = CUDA GPUTI(IZR D5 EZ 5Dz, &
en;’;‘(;;}) =9 DirElC KD e EDRIFFENS
one - (NVIDIA GPUTHR) T:RFTODMFINE LHMS
ZRWERDVIIVFI7T Oy 'S -y
ﬁgg?ﬂg ace gérilie;.lggg) { hET B3RS, AflDIoopT 1 L IFT 1T &k
#pragna acc 1oop RLUTELNCECRDOTND
for(int j = 0; j < M; j++){
a[i][j] = e;
}
}

OpenACC
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Reduction clause

- HDOI— RICBVTERAIIL—T (FAFHEFRT , .
do 1 =1, size

« SHI-JZEDEFWIET S EEHAL Y| do j =1, size
Rhc(i,j) ICARICEEAH#ZITSHELN  do k =1, size e
73"\ Cd(ld)oj) = C(lJJ) + a(le) b(k:J)
en

- BHZL Y RYREBICEUXAEY [CESRAHE "
75L&, BRICRDODBELD (—HHE

= reductionfilc kD CDREIREZFRT D

OpenACC
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Without a reduction

I$acc parallel loop
do k = 1, size

C(i)j) = C(i)j) + a(i)k) * b(k)j)
end do

N\

W—TZEBRRITIDE. c(i,])
(C(Ea0 IEIODIEE (k-1) DETERHRZ
BEFHULET—INEETAENS

OpenACC

ULHh\U CDI—TZAFIETUI
ma. 8RUK c(i,j) k1D
.-'I'%ﬁ%b‘(&"ﬁ&éh&b\
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Reduction clause

= reduction(IHI X (I DMRBFID KSR
(%%é@ﬁﬁ’&?)a)ﬁﬁ(i [#Es0] 9 B1EE
CfEDS

= ALY RldreductionBi(CIBEUEE
BDITSAN—RIE—ZERL. B
BhE U —T ORERICH USRI
IRENETD

= )JL—TJEtE#. reductionfilI&AL Y

ROERZEHAH. ERIRHNRERDS
5Nd

OpenACC

do 1 =1, size
do j =1, size
do k = 1, size
c(i,j) = c(i,3) + a(i,k) * b(k,J)
end do
end do
end do

do 1 =1, size
do j =1, size
tmp = 0.0
I$acc parallel loop reduction(+:tmp)
do k = 1, size
tmp = tmp + a(i,k) * b(k,j)
end do
c(i,j) = tmp
end do
end do
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Reduction clause

= reductionBibB*BENE S5SNI I/INA
S(CEOTHIMDER R Iz8, HEENIEE

= A2)\AS(C&DTlEkernels&k D
parallel>« L5« J DIFSHRERR
I?U(bﬁ%&ﬁ?R?%gt‘:E\E%

OpenACC

do 1 =1, size
do j =1, size
tmp = 0.0
I$acc parallel loop reduction(+:tmp)
do k = 1, size
tmp = tmp + a(i,k) * b(k,j)
end do
c(i,j) = tmp
end do
end do
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Reduction clause
HIPREIR

= reductionBiDMRICIIEIIDESEIIIEE = reductionBiDITREBRDIZEEE. CS:E
TERW Dstruct, C++Dclass. Fortrandifit4EY
DA )\THDTIFIRE 1L

vkval =
I$acc para on(+:v%val)
doi=1, 100

a(o) i vsval(0)

end d end do

OpenACC

This material is released by Prometech Software Inc. under the CC BY-NC-ND 4.0



Reduction clause operators

Operator Description Example

+ Addition/Summation reduction(+:sum)

* Multiplication/Product reduction(*:product)
max Maximum value reduction(max:maximum)
min Minimum value reduction(min:minimum)

& Bitwise and reduction(&:val)

| Bitwise or reduction(]|:val)

&& Logical and reduction(&&:val)
| | Logical or reduction(]||:val)

OpenACC

This material is released by Prometech Software Inc. under the CC BY-NC-ND 4.0



vii. OpenACCI— RDI I\ )L
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OpenACCO—RDIINALI
(NVIDIA, PGI)

4 '$acc parallel loop
$doi1=1, N

: a(i) = o

4 end do

$ nvfortran -fast -acc=multicore -Minfo=accel main.f90
$ pgfortran -fast -acc -ta=multicore -Minfo=accel main.f90

FEEDBACK

main:

7, Generating Multicore code
8, !$acc loop gang

OpenACC
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OpenACCO—RDIINALIL
(NVIDIA, PGI)

4 '$acc_Kkernels loop
$doi1=1, N

: a(i) = o

4 end do

$ nvfortran -fast -acc=multicore -Minfo=accel main.f90
$ pgfortran -fast -acc -ta=multicore -Minfo=accel main.f90

FEEDBACK

main:

8, Loop is parallelizable
Generating Multicore code
8, !$acc loop gang

OpenACC
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OpenACCO—RDIINALI
(NVIDIA, PGI)

d !$acc kernels loop
dldo 1 =2, N

: a(i) = a(i) + a(i-1)
d| end do

L TESIRVIL—T

$ nvfortran -fast -acc=multicore -Minfo=accel main.f90
$ pgfortran -fast -acc -ta=multicore -Minfo=accel main.f90

FEEDBACK

main:

8, Loop carried dependence of a prevents parallelization
Loop carried backward dependence of a prevents vectorization

OpenACC
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OpenACCO—RDIINALI
(NVIDIA, PGI)

4 '$acc parallel loop

$ do 1 =2, N

: a(i) = a(i) + a(i-1)
4 end do

$ nvfortran -fast -acc=multicore -Minfo=accel main.f90
$ pgfortran -fast -acc -ta=multicore -Minfo=accel main.f90

FEEDBACK

main:

7, Generating Multicore code
8, !$acc loop gang

OpenACC
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NVIDIA A100 GPUTEI{f=cE3IES

$doi1=1, N
: a(i) = o
4 end do

4 '$acc parallel loop

$ nvfortran -fast

$ pgfortran -fast -acc -ta=tesla,cc80 -Minfo=accel main.f90

—-acc —-gpu=cc80

-Minfo=accel main.f90

FEEDBACK

main:

7, Generating Tesla code
8, !$acc loop gang, vector(128) ! blockidx%x threadidx%x
7, Generating implicit copyout(a(1:1024)) [if not already present]

OpenACC
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{f#iE: NVIDIA P100, V10O CEMES H D ES

COMPILING

for NVIDIA P100
nvfortran -fast
pgfortran -fast

for NVIDIA V100
nvfortran -fast
pgfortran -fast

U HE B H

—dacCcC

-gpu=cc60|-Minfo=accel main.f90

—dCcC

—ta=tesla,cc60 -Minfo=accel main.f90

—dCC

—gpu=cc70|-Minfo=accel main.f90

—dCcC

-ta=tesla,cc70 -Minfo=accel main.f90

OpenACC
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3. CPU-GPURIDFT—AE5ixDERHEIL

OpenACC
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i. BRNRS—SEEDEXS

OpenACC
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BARNRT—IEHDERS

IRA B EFINA ABDPD ED

= Host: —fi8Y(CCPU

o lD/evicge: GPUZREREITHMESHhDF7IES

* OpenACCDI—T'Y pERDIN—FRDT T
B ILVFIA P DIHE. Host/DeviceldE—.
WMAAEVUEE—

» REXAEVBD7IOCSL—F=ZESRD.
RN — S SR (IR E

OpenACC
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BARNRT—IEHDERT

IRA B EFINA ABDPD ED

* OpenACCDY—4'y NIGPUDIBE, 5HEL HHAHEAHE
[CHERF —5%CPULGPUDATE URITH® HHHEEAHE
DEDTIRENHS IS 2 HHHHEHHE

- FTRIE, CPU/GPUDRXEUDR—EN ] AHHEBHEE
TWBESHDLSICIEDBSHEER L,
F—HDPDEDEREET S RN

High

Capacity
Memory

10 Bus

e

High Bandwidth
Memo

OpenACC
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Ii. CUDA Managed memory

OpenACC
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CUDA managed memory
BRI MEENT 3HEHELT

Without Managed Memory With Managed Memory

!

 CPUEGPUDAEUZE1DD
HESJLELTEEDHS

Managed Memory

OpenACC
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CUDA managed memory
IREERROH

Host-Device (CPU-GPU) RIDBARINIRT —FERXDE MR (S 155 CHE 2

NVIDIA (PGI) 1J>)\ S(&CUDA Managed Memory%OpenACCTFIFHTI&E
F—HEE%E [mB] SN3dENTES

I—5—(FAWFLICER, ST—FERZRBEELI I —XATEXDZENTEECIRD

‘.‘]5 nvfortran -fast -acc -gpu=managed -Minfo=accel main.f90

$ nvc -fast -acc -gpu=managed -Minfo=accel main.c

OpenACC
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Managed memory
CEESE]

» YV —-FEALEDZEE, T—HEBRETFH
WHYDETELIDBEWERZSSND

« XEYDEIY EFBDA—)I\—AY RHKREL)

= SF—AERXHDEEHMEE NS 8. BRNZRIERE
BT —AERX(X TSR0

= NVIDIA (PGI) > )\1 S DHDHEEE
= AllocateX®malloc CE—Jfalg(CiEREN/=A
EUEFHFIAR]

OpenACC

With Managed Memory

Managed Memory
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OpenACC with managed memory

1]
while ( error > tol & iter < iter_max )

{

error = 0.0;
#pragma acc kernels

{ // memcpy Host To Device (without Managed memory)
for( int j = 1; j < n-1; j++)

{
for( int i = 1; i < m-1; i++ )
{
Anew[j][i] = ©.25 * ( A[j][i+1] + A[j][i-1]
+ A[J-1][i] + A[J+1]1[i]);
error = fmax( error, fabs(Anew[j][i] - A[]j1[i]));
}
}
for( int j = 1; j < n-1; j++)
{
for( int 1 = 1; i < m-1; i++ )
{
A[j1[i] = Anew[]j][i];
}
}

} // memcpy Device To Host (without Managed memory)

}
OpenACC

Managed memoryMRVMGS. >

J\A SI(FA, AnewdDB 1 XZIETFE L.

M D— RESEDIEHICERRIET
GPU-CPURIDF —4 JE— M s

~

Managed memoryWBxI/dEE. =
AFLTOTCRADLAN)LTHERG
BlCT—7E—Z175
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lii. OpenACC data clauses

OpenACC
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Basic data management
Host/DeviceBIDARNRT—~ I E—

= datafi CAINA SICBEBESBIEVWT—FEETDIM =D ®EIBRYT

= datafiildkernels/parallel>+ L 957« JRIZHTRRL . #&ikdDdata, enter/exit
data7« L5414 J(ICEBEMTES

l$acc parallel loop

do 1 =1, N
a(i)
end do

OpenACC
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Basic data management
Host/DeviceBIDARNRT—~ I E—

* dataBi COINA SICBEBETBIEVWT—F EBDIAN =DV RIEFRT

- datafilildkernels/parallel> L 95«17 AT TRL ., #ikdDdata, enter/exit
data> 1 L5« JICEBENMTES

l$acc parallel loop copyout(a(1:N))
do i =1, N \
a(i) = © B 51 aDERME (S BT
d d Jzsb. Exf&(CDeviceh's
en © HostlCOE—9 3/l

OpenACC
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Basic data management
Host/DeviceBIDARNRT—~ I E—

copyin ‘a’ copyout ‘a’ B
create 'a’ on GPU from CPU EKXeerf]ljs from GPU fc:gln‘:tgpij
to GPU to CPU

Fortran
I$acc parallel loop copy(a(l:N))
do 1 =1, N
a(i) = 2 * a(1i)
end do

OpenACC
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Basic data management
Host/Device[IDIARINIRT—~ T E—

copyin ‘a’

Execute Qo a

create 'a’ on GPU from CPU Kernels from GPU fc:glrﬁtgpeb
to GPU to CPU

CPU MEMORY GPU MEMORY
Q / Q /
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Data clauses

copy( list ) Devicel[cXEVUZEIDIT, WHIFRIKICAD &S (XHosth SDevicelc
S—AH%&1E—, HidEE(FHosticT—rZEIE—T S

FiHi%: J— RPDEERFT—IBIEICDULVT. Devicelcdd57—4
DA - EBE - RE%ZE1T S I2HDOREGEARNIRNIBET

copyin( list ) WESIRRIK(C A D EE (S, DevicelCXAEYZEIDZHTHosth S DeviceAND
F—=AI1E—&TS

FRAE: YOI —FDANRIDESBREDEERD

copyout( list ) %evi%g(CX:EU’EE“Dg_C\ ESsEsZEH S & E(CT—F ZHostic
—93

FRA®R: AHhT—F & EEZTE I (CDeviceDFTEREREZ(TED
create( list ) Devicel[CAEVUZEIDYTSIH. Host&EDIAE—IIITDHOIRL
FixAiE: —RFIRFE RS DR

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
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ACSIAZAR DI ETT &
C OV SHEFIREBRTE 3 &S ICREES S
- BIORFEEFIOMABLE (7Y I2)

= Fortran: 2BBOHF(C(XEIIDETHE (>F7vIR) &
= C/C++: 2BHDBFICIFST -9V X=iLH

copy(array(starting index:ending index)) ‘

copy(array[starting index:length]) ‘

OpenACC
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iv. Explicit memory management
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Explicit memory management
F—IEBRDERS
. WFINIBOIITHS

Device LT — DR BUENBS

= FIRMEDRITH \
Host ECT—ANWRX3MNEND S

* Host/Device N XEVUZHB L TR
e T—DIE—DRELIRD

- HREZRX(ETBEHIC, I—T—E3FF
BRF—HIE—ZR#TIHENDD

OpenACC
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Explicit memory management
EELRE

= %< MDeviceld. Host&EBIDATD Z=R

Z¥5D

* HlRDAEVICIERRDIT—IDIEINS
n. B8TRRAMETNEZV &N

« CNEDAEVRBODT—PEX - $t6(E
IEFE(CRBED DD DUNE LIRS

OpenACC
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Explicit memory management
BHNRA A—DICESTRRDE =

device

* ZL DUF\—FDI T 7 (Device) (& T T T T
Host& (EBIDAE U T —I)IL&EFD | Shared Cache

* HlRDAEVICIERRDIT—IDIEINS
n. B8TRRAMETNEZV &N

= XEVUIII0 Bus (—AEY(C(IPCle) Z#E
HUTT—ADIE—H 17NN, Ik
PEEREE (I X E VUHRECEEARTELY

« CNEDAEVRBODT—PEX - $t6(E '
IEE(CRBEID DD DUNE LIRS o device
Memory

0 S

OpenACC
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v. OpenACC data directive

OpenACC

This material is released by Prometech Software Inc. under the CC BY-NC-ND 4.0



OpenACC data directive
e

= dataT"« L7« J(IDevice LD '$acc data clauses
T—HDHFBREERI D

= WiFISAIIC VDB, T—F (3
Device LICTRTET D l$acc end data

R RiD ST Lt T
5‘-‘_ @l:l t j _— {
ZhIcEET 3 ?pr‘agma acc data clauses

< Sequential and/or Parallel code >

< Sequential and/or Parallel code >

OpenACC
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Data clauses

copy( list ) Devicel[cXEVUZEIDIT, WHIFRIKICAD &S (XHosth SDevicelc
S—AH%&1E—, HidEE(FHosticT—rZEIE—T S

FiHi%: J— RPDEERFT—IBIEICDULVT. Devicelcdd57—4
DA - EBE - RE%ZE1T S I2HDOREGEARNIRNIBET

copyin( list ) WESIRRIK(C A D EE (S, DevicelCXAEYZEIDZHTHosth S DeviceAND
F—=AI1E—&TS

FRAE: YOI —FDANRIDESBREDEERD

copyout( list ) %evi%g(CX:EU’EE“Dg_C\ ESsEsZEH S & E(CT—F ZHostic
—93

FRA®R: AHhT—F & EEZTE I (CDeviceDFTEREREZ(TED
create( list ) Devicel[CAEVUZEIDYTSIH. Host&EDIAE—IIITDHOIRL
FixAiE: —RFIRFE RS DR

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
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BCHIAAARDIEETT &

= AN\ASHEFIIRZRBHRTETILSICHHESRSD

- RAIDVF(IEFIDMBAE (1>F7VvIR)

= C/C++: 2BBEODHFICIIT—I Y1 X ZiHk

= Fortran: 2BBEDHAF(C(IEIIDRTHIE (1>F7VIR) ZiH

‘copy(array(starting_index:ending_index)) |

copy(array[starting index:length]) |

OpenACC
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Array shaping (cont.)
ZRuDIEDETIAZARIEEDH)

copy(array(1:N, 1:M))

copy(array[0:N][0:M])

EBE56 IRty ZEDevicelcIE—UTWS

OpenACC
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Array shaping (cont.)
PR ECHI DIETEDH

copy(array(N/4:N/4+N/4)) |

copy(array[N/4:N/47) |

ES55EHRHNEED1/4UHNIE—UTLVRLY

OpenACC




Structured data directive
{1

I$acc data copyin(a(1:N),b(1:N)) copyout(c(1:N))

C DAl 5 patsg (X
!$acc parallel loop Device L TEITENh
do i= 1, N. . — DMDT. a,b,cl&
c(i) = a(i) + b(i) Device kTR X TL)
end do BRIFNER S0

I$acc end data

OpenACC
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Structured data directive
{1

Fortran
I$acc data copyin(a(l:N)ub(lzN)) copyout(c(1:N))

Action

1$acc parallel loop
do i =1, N

c(i) = a(i) + b(i)
end do

1$acc end data

deddevidetzRid

Host Memory Device memory

A B[C

OpenACC

ABC
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Structured data directive
{1

Fortran
I$acc data copyin(a(l:N)ub(lzN)) copyout(c(1:N))

Action

1$acc parallel loop
do i =1, N

c(i) = a(i) + b(i)
end do

1$acc end data

deddevidetzRid

Host Memory Device memory

A B[C

OpenACC

ABC
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vi. Explicit and implicit data regions
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Implied data regions

TE

= I TDkernels&parallel 1 L I5
T, BEROFT—FHEEEGD

- BROERICEDT—IFEDT LD

T4 INTDHFECTED I$acc kernels copyout(a(1:100))
* data> 4 LOFT 1 T THRATEZINT doa (1 i)= . ’@1%

(Ddatafifild, kernels/parallel>- L 2 end do

T4 J CHERTES I$acc end kernels

OpenACC
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Explicit vs. Implicit data regions

I$acc data copyout(a(1:100))
I$acc kernels I$acc kernels copyout(a(1:100))
do i =1, 100 doi=1, 100
a(i) = o a(i) = ©
end do end do
l$acc end kernels l$acc end kernels
I$acc end data

220D 1— RIIHEEENICR UAEZITO TS

OpenACC
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Explicit vs. Implicit data regions

HlPREIR CDIFA. ExplicitihT —4 1 E—(SImplicitiCEENTEEEDRE S XD
Implicit
I$acc data |[copyout(a(1:N)) 3 Data Copies
l$acc kernels 1 Data Copy I$acc kernels |[copyout(a(1:N))
doi=1, N doi=1, N
a(i) = 1 a(i) = 1
end do end do
I$acc end kernels I$acc end kernels
l$acc kernels l$acc kernels |copy(a(1:N))|
doi=1, N doi=1, N
a(i) = 2 * a(i) a(i) = 2 * a(i)
end do end do
I$acc end kernels I$acc end kernels
I$acc end data

OpenACC
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vii. Unstructured data directives

OpenACC
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Unstructured data directives

Enter Data Directive

= enter data>« L5« J'[IDevice
DAEVUEIDYTZITD

= XAEBEVUDEIDHTICIEcreateiFk =l
copyinEiZ{ERTES

= ¥ Denter data> 1 LI 5«1 J %5
IRCEBes. dataTr LIFTAID
BAg R &R U TIERLY

OpenACC

l$acc enter data clauses

< Sequential and/or Parallel code >

l$acc exit data clauses

#pragma acc enter data clauses

< Sequential and/or Parallel code >

#pragma acc exit data clauses
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Unstructured data directives

Exit Data Directive

= exit datag« L5« T (IDeviceD A I$acc enter data clauses
EURRZITS

tial d P llel d

= AEUMEMIC[EdeleteEiE Iz (Ecopyout ¢ Sequential and/or Parallel code >
BZERTES l$acc exit data clauses

= enter data TS X JZEHI(C3T U TRZD
exit datah\ b E

_ #pragma acc enter data clauses
= enter/exit datald 5273 S BN (C5E i nI HE

< Sequential and/or Parallel code >

#pragma acc exit data clauses

OpenACC
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Unstructured data clauses

copyin ( list )

copyout ( list )

create ( list )

delete ( list )

OpenACC

enter data> - L5« J TDevicelCXAEUZEIDYTF—45%
Hosth'\5DevicelcOAE—9 3

DevicelCXAEVUZEIDYT., exitdatadr 1 LIS T5S—HSF%
HostlcdE—9 3

enter data> - L5« J TDevicelCXAEBVUEIDYTDOHEITD
exit data> 1 L5« J CTDeviceDAEUZHFNT D
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Unstructured data directives
EHAR 151

I$acc enter data copyin(a(1:N),b(1:N)) create(c(1:N))

I$acc parallel loop

do i =1, N
c(i) = a(i) + b(i)
end do

I$acc exit data copyout(c(1:N))

OpenACC
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Unstructured data directives
EROBEBICE b > IEF— XD

= EEEDHITIIenter/exit dataZe 5l 4 DEIEL
subroutine allocate_array(A, N) —C}.-E-.%

allocate(A(1:N))
I$acc enter data create(A[1:N])

end subroutine = 1—HY—(IDevice X EVUDEID YT &L AFIX
subroutine deallocate_array(A) EUI‘IStI‘UHOStj_ l\(:ébﬁtﬁaﬁtga
I$acc exit data delete(A) . “ __ “
gl ioeatia () * ctured data> - L5 1 T (XD S5 AkE
oo suproutine FOC++ [CBNTEICE

program main
integer, allocatable :: A(:)
allocate_array(A,100)
I$acc kernels
A(1) = ©
I$acc end kernels
deallocate_array(A)
end program

OpenACC
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Unstructured vs structured

Unstructured Structured

- EHORKBERTRZIRTS « BRI IB EERT R E
= 1BEIDRIENC I ] BE * FAIERERTRMDODOEHBATHSCE
= XEVU(IIHRN(CAEMENSIETTHFET = XEU(Idata TOHMHFTE
I$acc enter data copyin(a(1:N),b(1:N)) ¥ I$acc data copyin(a(1:N),b(1:N)) copyout(c(1:N))

create(c(1:N))

I$acc parallel loop
I$acc parallel loop doi=1, N
doi=1, N c(i) = a(i) + b(i)
c(i) = a(i) + b(i) end do
end do

I$acc end data
I$acc exit data copyout(c(1:N)) delete(a,b)

OpenACC
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viii. Data synchronization
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OpenACC update directive

updateT« L5« J": Host& DeviceDBIDAFRMIIRFT—FIE—ZITS
F—HHRBEDERPTT—FZRSBEVMESICBMRT L IFT1T
Clauses:

self: memcpy Device to Host

device: memcpy Host to Device

!Sacc update self(x(l:end index))
!Sacc update device(x(l:end index))

#pragma acc update self (x[0:count])
#pragma acc update device (x[0:count])

OpenACC
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OpenACC update directive

#pragma acc update device(A[0:N])
Haed D Ice(CIET—

S hHost&DeviceDii  CPU Memory device Memory

BICFELTWRITNIE
RS
B X

B*
N

OpenACC #pragma acc update self(B[0:N])
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Synchronize data with update

cubroutine allocate array(A, N) = initialize_arrayR3¥IDH T 'A’DHost>T—%4
allocate(A(1:N)) ZEXEITD
1$acc entgr data create(A[1:N]) ‘
end subroutine * Host& DeviceDRI T A'DFT—HZRRAT
subroutine deallocate_array(A) aﬁ:&)("update deviceZE{T9 S
1$ it data delete(A —_ — N = /
de:ﬁoig’te(A? 2 delete(d) = u date7 1 1/9747‘73‘73\&“’5%\‘1&/10)
end subroutine B —RICBVWTT—HIARESHREEL
P 20\ N
subroutine initialize_array(A, N) RERNEN b<7‘1§
doi=1, N
A(i) = i
end do

I'$acc update device
end subroutilne

OpenACC
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Auto clause

- autoBfIFIBE LI=)L—THiAFI{LATEE | !$acc parallel loop auto
HIADIALSICHEREES do 1 =1, size
do j =1, size
= JL—T&MFHEL THRIER VD, $ dok =1, size N
BFOVEE L L MBS [C{EF endC(dlc;J) = c(i,3) + a(i,k)*b(k,J)
end do
end do

OpenACC
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Auto clause

= kernelsT« L5« J[IIEERMY [Cauto
BN D /=8, autobiZBART
DRBE(TRL

= autofiilEparallel>« L7 J%FIH
I BRICIEREICEH

OpenACC

Fortran [N
|$accloop-

do i = 1, size
do j =1, size
do k = 1, size
c(i,j) = c(i,3) + a(i,k)*b(k,J)
end do
end do
end do
l$acc end kernels
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Independent clause

= independent&i(3IETE UT=)L—T hiili
ﬂwj HECHDHEZPARL, I
ASHIL—JICDOVWTCTHIRUI=REB =
+EXIS

= kernelsZ{ERITBIE. I>/I\1MShHK
RTEBTI DAFNLERLIRERT

MO CULEXSZENHDD

= 2’045 (dindependentfiZ{E> T
aA>)\A 773‘3th§|]<‘:.=|=|]|1‘5[/7' )b—7

Db EblEE S Z EhialkEE

OpenACC

I$acc kernels loop independent
do i =1, size
do j =1, size
do k = 1, size
c(i,j) = c(i,3) + a(i,k)*b(k,J)
end do
end do
end do
I$acc end kernels
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Independent clause

= parallel5 1 L O 5 1 J (XIEEE (C
independentEibMd5 N3z, AR
IIBETRL

= parallel« L7 1 J TEEDI—T
b‘j]':?'H Ealgeh I’ 00 S hi IR UBAR
9B, independentBilIAFE

OpenACC

do j =
do k = 1,
c(i,3)
end do
end do
end do

$acc @aralleD loop dndspendent>

do i =1, size
1, size

size
= C(i)j) + a(i,k)*b(k,j)

This material is released by Prometech Software Inc. un
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Seq clause

= seq (sequential) Eil&IL—T & ZRRE
TI9BdELSICHER

= HBOHY >IN —RIE. IS5
RD2E))—T & EHAL v RTHiFl{E
9. FEALY RERADIL—T%
l_bkﬂ_ﬂE?TES

- AV SIERTENSTEBIN—T
LU, 9—4'v NI R cahE
TEBN(CseqfiZ 157 3188053

OpenACC

I$acc parallel loop
do k = 1, size
I$acc loop
do j =1, size
I$acc loop seq
do 1 = 1, size
c(i,j) = c(i,3) + a(i,k)*b(k,J)
end do
end do
end do
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Private and firstprivate clauses

= privateBi(FIBEUEZEHU A M real :: tmp(3)
thread-privateZ# & UTER
I$acc kernels loop private(tmp(1:3))

= BALY REIHOVRXTDTEXSBN |do i =1, size

FUXAMDIARTODEHDI 51 NN— tmp(1) = <value>
NROE—%&IFD tmp(2) = <value>
tmp(3) = <value>

= firstprivateEii(IprivateEIDNIR(CHI X ?”d do cernol
Host X EUDIE CDevice X €U H\#IHA I$acc end kernels

ftEehs I note that the host value of “tmp”

I remains unchanged.

OpenACC
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Private and firstprivate clauses

real :: tmp(3)

= private, firstprivateEfild
,EIL\'C‘SJH_T =T I$acc kernels loop private(tmp(1:3))
TSANR—BREHEL do i =1, size

TEEEND | the tmp array is private to each iteration
' of the outer loop
= BB T DEALSNT tmp(1) = <value>
EBRSNCES, 5o tmp(2) = <value>
N— NEBISZPEDIL— TiRi3) o cvatue>
JTHEIND Lpace 1000 o2

I but tmp is shared amongst the threads
I in the inner loop
array(i,j) = tmp(1)+tmp(2)+tmp(3)
end do
end do
I$acc end kernels

OpenACC
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Scalars and private clause

= TIAIREMETIE. ADSEW (BITRWELZDER) (Iparallel>+« LIFT1TA
Tlfirstprivate . kernels+ L 95« TAT(3private MBEENS

* WSDOH DT —RZFRWTRADSEH(Iprivatelf €T SBEIRV. BITFIEEDS
FA1I—>3>EN. CNCREENT BEBRISSEH D

1. C/C++DOO—)\IVEH. FortranDES 1—ILZEHDOLS(COO—-/)VILTHEETN
DANSEE

2. ABDSEHEDDeviceDY I N —FUICESRBEUTESNDIES
3. ABDSZEHHFHE%(Creturn-value& U CGRHEZNBIES
= IR ADSEH ZprivateliSEEIT D EHN A O TIHENME T I DIEENH S

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
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Collapse clause

I$acc parallel loop collapse(2)
= collapse( N ) dodg J= i’lfi:ieze
= NfEdDtightly nested loopZ~¥—= fggcz ?Oop e (24T
 SBV—TRIRFN—TICERTES | LD s b
end do
c(i,j) = tmp
. AEUDORFEERDHS end do
= RKERIN—TZ2ERLISEZEFHSD
LIRECIERICHEZD

OpenACC
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Collapse clause

collapse( 2 )

N2 10a.3) 104

21122123 | 24

BN GE2IGE3) ]G4

4,1 42)1 43) | 44
41| 42) ] @43) | 44 lEHHﬂiI.

I$acc parallel loop collapse(2)
do j =1, 4
doi=1, 4
array(i,j) = ©
end do
OpenACC end do

swessswew )y Prometech Software Inc. under the CC BY-NC-ND 4.0



Tile clause

“tile (X, ¥, Z, ...)

I$acc kerne}s loop tile(32, 32)
- Z8B)L—T%& “Tile” or “Block [C#¥&  |do i =1, size
do j = 1, size
do k = 1, size
C(iJj) = c(iJj) + a(i:k)*b(ij)
= J—R[c LD TlIdata locality (- —% engngodo
%) DE LA AT A _end

- BED “Tile” ZESCRTAILE I$acc end kernels

OpenACC
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Tile clause

tile (2, 2 )

I$acc kernels loop tile(2,2)
do j =1, 4
doi=1, 4
array(i,j) = array(i,j) + 1
end do
end do
I$acc end kernels

3.1 32 3,3) (3B4)

4,1 42 43) @44

OpenACC
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d— RDF (1)
daxpy:a*x +y

subroutine daxpy(n, a, X, Vy)
integer :: n
double precision :: a, x(n), y(n)
I$acc kernels loop copyin(x(1:n)) copy(y(1:n))
doi=1, n

y(i) = a * x(1) + y(1)

end do

end subroutine

1. kernelsT+« L5« J TCHiS{ETEAIHRHT
2. datafiZDIFTT—ADIE—ZIBRN(CILIE

OpenACC

This material is released by Prometech Software Inc. under the CC BY-NC-ND 4.0



d1— RDHI (2)

ddot: x - y

function ddot(n, x, y) result(s)

integer :: n
double precision :: s, x(n), y(n)
s =0

I$acc kernels loop reduction(+:s) &
copyin(x(1:n),y(1:n))

doi=1, n
s =5s + x(1i) * y(i)

end do

end function

1. kernels+ L5« J Tilisl{t&iR#H#D (reductionldI> /N1 SHEENTS)
2. datafiZDIFTT—ADIE—ZIBRN(CILIE

OpenACC
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BAEFIAFTATIEHRS A5 L8P

" https.//i.riken.jp/supercom/documents/himenobmt/
d1— Rafl (3)
3IRTAT > )VatEH (himenoBMTxp.f90)

subroutine jacobi(nn,gosa)

I$acc data copyin(a,b,c,bnd,wrkl) create(wrk2) copy(p) ! Jd2V/NASHUEIEREER SEFEEIEAT
do loop=1,nn
gosa= 0.0

I$acc kernels loop reduction(+:gosa)
do k=2,kmax-1
do j=2,jmax-1
do i=2,imax-1
so=a(i,j,k,1)*p(i+l,j,k) &

gosa=gosa+ss*ss
end do

I$acc kernels
p(2:imax-1,2:jmax-1,2:kmax-1)= wrk2(2:imax-1,2:jmax-1,2:kmax-1)
l$acc end kernels
end do
I$acc end data
end subroutine

UPETIALL
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Data> 1 L2751 J OR/JL
AEUDIHER - N ZER/IRICT D

= dataT 1 LOF1 T (F1DDREETEH UBINRENS S

= BED7IT VU —SaVdEBDOT7AI - BEAREZRSNZERHZENLDEDTID
C. data> 1 L5« J TlIARE

« ECTERFVHE Benter/exit datalZfEVVEEFEH RN

- BT, PITVUS—2 326409t E4& TN T (T enter/exit dataZe it
L. update self/device CHost/Devicell7—4~ 1E—DHETS

- RIB{EDEE(L. CUDAEOPenACCTIEERBUIED. OpenACCIFIETZLTS >
JVIZAPIZAAWNTTD O 71_\EGPU4I:'C§50373‘7<§ < EH%
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ABEECRITULEZRA

1. GPUDOYVS =2V DHE 3. CPU-GPURDFT—#iRxDERE(L
7 L5 —)LDiER BN —HIEBDERS
GPUD% % CUDA managed memory
GPUTDOYVS =Y OpenACC data clauses
NVIDIA HPC SDK Explicit memory

2. OpenACCZ{EDS I OIS LADiSIE management o

OpenACC data directive

OpenACCOEIE ) Implied data regions
OpenACCOI— Rl Unstructured data
OpenACCOERIEX directives
Parallel directive data synchronization
Kernels directive 4. JL—T DL

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

Loop directive
OpenACCI— RO« 5. OpenACCIC KBTI EDitEST5

v 6. &
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W7 )L—T DOHPCHR— b

s BON—-T (TOAXFTYD - YIRIIFP, GDEPY U I1—>3>X) [CTHEHRD
HPCEIED Y 7h— M2 ER
= GPUH—/\ https://www.gdep-sol.co.jp/

= NVIDIA HPCO>/)\A SY7R— Y —E X https://hpcworld.jp/support/

OpenACC
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