@O0

GPW ANAN A NA p OpenACCP

MgV A k V7 4 / N i Version 2025.7.18

Ao 24 o TADMTNATYNNKkY AT
s S N
OpenACC Official Training Materials

A Below slides are released by NVIDIA Corporation under CC BY 4.0
A Slides:
https:// drive.google.com /open?id=1d_elwlIRfScHxfJu6pnR28JrV3cMIwkIL

A CCBY 4.0:https:// creativecommons.org /licenses/by/4.0/ deed.ja

OpenACC

Mare Sclence, Less Programming

This materialis'released by Prometech Software Inc/tinder:the CCBY-NC-ND4.0


https://drive.google.com/open?id=1d_eIwIRfScHxfJu6pnR28JrV3cMIwkIL
https://drive.google.com/open?id=1d_eIwIRfScHxfJu6pnR28JrV3cMIwkIL
https://drive.google.com/open?id=1d_eIwIRfScHxfJu6pnR28JrV3cMIwkIL
https://drive.google.com/open?id=1d_eIwIRfScHxfJu6pnR28JrV3cMIwkIL
https://drive.google.com/open?id=1d_eIwIRfScHxfJu6pnR28JrV3cMIwkIL
https://drive.google.com/open?id=1d_eIwIRfScHxfJu6pnR28JrV3cMIwkIL
https://creativecommons.org/licenses/by/4.0/deed.ja
https://creativecommons.org/licenses/by/4.0/deed.ja
https://creativecommons.org/licenses/by/4.0/deed.ja
https://creativecommons.org/licenses/by/4.0/deed.ja

/A N (Kohei Abe)

7 KN 414V Yk
AI/HPC N AN A

0 A )

MYna44" 4144 YdMAT

419 1 KOpenACC~ ~ “NdAYNnYA1d GPUJ a
NVIDIAHPCSDK =~ = JdMAn4 MJdN 4 NVJnA

GPU"~ ST LLM/RAG Y A1 n Y AdNNA T 4

—(C

K -2023 J 34 NRE R Ad 1 A0
2023 J 44 -
K pPal P

—(3

OpenACC

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



MA499NV NN1 n N

YZal—alHEil

(kFEEFRTZAN)

VA4V N1 nd N 1n\ Al 6 i ‘N, :'1 )

r Computational Reality S~ 44~ a ~ VI I IR |
Al i
(D 5H)

GCIE:-E #4000

(E&S5H)

V419N Nkyvwy™ 77 { 4
{lj ~ \1 = N - - \‘ \4 '\l - = = > D4 ~A ~ T

GDEPY A1 nYAd4JdM NI

=z

N | “OaAT M NMYnVUdMMJIdVIn
YT Jd N p HPCP |

HPCH: T (mzvszHh)

OpenACC

More Science, Less Programmi

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



1 1 N

AT T T T ik NkNVNnA

A
—

Particleworks’ Gg Granuleworks
, MdN1 49 4NN ni M
, a k N Nni M

NVIDIAHPC M Jd N~ ANMNANNY VM
NN N4 ST PGIM AN A 17 MdN" A4 NVJUnA

OpenACC

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




" A PGPW ANANYJINA P

1. GPUMN ANANJY | 3. CPU-GPUA" AnM 1T @
T aMnd AN &
GPU & Managed memory
GPUM 4 N 4\ 4\ Data
NVIDIA HPC SDK 1 A 444 &

2. OpenACC~ N A4NAT a Data

. . vs U A" AnV

OpenACC, | A0
OpenACC CPU-GPUA™ A n MV /b
Parallel . .
Kernels 4.1 n N a
Loop , ~ 5. OpenACC~ a . N
OpenACCM N1 MdN 6 -
1 : .

OpenACC

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



rd

VA
GPW 4 N 4V J N A

\V A/ KFortran i C p ~ Fortran Y n M P
Voo o9 K MPli OpenMP
VOpenACC~ T 7 MnM\V A | NVIDIACUDAGPU (NVIDIA A100)

OpenACC

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




> >
— —
L
e

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



V

TMni’
6 a’ - \

. M1 a’ s "t de T
Amdahl's Law g5 , s14° SN N
e 2500 © 50% e 75% e 90% e 95%
20 e e v ¢
18 — 5 MMA Jd ao ’ a”
Q_16 [
T 14
§12 *
e T o —9o——o—0o—0—9¢ o > - o~
o . 8K MMA 50% 6> 4
§ 6  —
ch 4 : « e & T v t—t—e—e—o—0—0o—0o ¢ 1/(1 - 05): 2
2 [ ] [ ] [ ] [ J [ J [ J [ ] [ ] [ ] [ J [ J [ J l: = d ~ 114 -~ N
o T °  EK MM 90% a 14
1 8 64 512 4096 32768
Number of Processors 1/(1 - 09) — 10
OpenACC

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



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



ey nE

CPU GPU daM ° I

CPU

D~ Je ’ MT Y B
GPU I

YJdV419™ & 7 M© 7 1000 D A
a’  Jd7e SV CPU GPU
MULTIPLE CORES THOUSANDS OF CORES
<H#>
OpenACC

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



NVIDIA CUDA GPU a

Block (0 0) | Blodc(1, 0) | Block (2 0)

i Block (0 1) Blodk (1, 1) (21)
GPUX = 10009 A’ ) WWW

3 R}
GRIDKT v3 % BLOCK ~

Block (1, 1)

BLOCKKT v 3 % THREAD
THREADK a T a

)
~
Qi
1=
2
<
O
QX
—_—

K CUDAProgramming Guide .
<#>
OpenACC

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



SIMTA N 1

Single-Instruction Multiple -Threads
NVIDIA CUDA GPU aAN A
SIMD (Single -Instruction Multiple -Data)
D I R B
9 MAN 1 XN7 p  PTNA
AT
NVIDIA GPU Warp ) G~ aA

(1Warp = 32 Threads)

OpenACC

TO T1 T2 T3 T4 T5 T6 T7
1 2 3 4 5 6 7 8
+ + + + + + + +
9 |10 | 11|12 | 13| 14 | 15 | 16
I I I I I I I I
10 | 12 | 14 | 16 | 18 | 20 | 22 | 24

<#>

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



CPU GPU &M ~ NA

CPU “AANANT TP GPU 44N
NI T B A

CPU GPU 14N aA  4i_ . i1
A’ PCLe” /O M 7 N

IONM°  CPU GPU A AnM X |

1

— ] LI L
— ] LT T
— 1 DO
— 1 OO
— 1 OO
— 1 OO
— 1 DO

/IO M AnM TTOoAAANYTT T High

NTTNAT 7 Capacity ‘
[ AnMXAA4A” i~ GPU - Memory

|
“ADDT TP Mdid]  High Bandwidth
vViemo

OpenACC

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



K GPW 4 N AV 4\

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



yAYnYdd> GPU

EENEEEEE FEEEEEEE
EEEEEEEE EEEEEEEN
EEEEEEEE EEEEEEEN
EEEEEEEE DEEEEEEN
EEEEEEEE DEEEEEEN
EEEEEEEE DEEEEEEN
DEEEEEEE DEEEEEEN
DEEEEEEE DEEEEEEE
DEEEEEEE DEEEEEEE
DESDDEEE DEEEEEEE
DESEDEEE DEEEEEEE
DEEEEEEE DEEEEEEE
DESENEEEE DEEEEEEE
DEEEEEEE DEEEEEEE

OpenACC

Compute-Intensive Functions

———
Small % of Code

Large % of Runtime

Application Code

Rest of Sequential
CPU Code

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



11 4

GPUN ~ dAYnYAd a A

V

. CUDA C++, CUDA Fortran
NVIDIAGPUT =~ 4\ MANAN N

. OpenMP accelerator model

OpenMPversion4.0® . N YN AAQMAi

OpenACC

GPU T 0" " YVAINMIYANAT" Y 4NN MY nM ™ a
OpenACC

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



CUDA C++, CUDA Fortran

TGP module mymodule
contains

CUDA C++K NVIDIAX a attributes (global)  subroutine  saxpy(n, a, X, y)

' real 2 x(), y(), a

~ mteger on,
,CUDA _FortranK PGIX - I attributes  (value) :: a, n
A1 NVIDIA PGl 1 i = threadldx%x + (blockldx% x- 1)*blockDim %x

NVIDIAN™ A" M~ a it( i<=n)y( 1)=ax( i)+y(i)

end subroutine  saxpy
end module mymodule

nt =128
call  saxpy<<<(n+nt-1)/ nt, nt>>>(n, a, X, Y)

<#>
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subroutine saxpy (n, a, X, y)
real 1 x(), y(), a
mteger sn,
I$ omp target map( to:x (1:n)) &
map(tofrom:y (1:n))
I$ omp teams
I$ omp distribute parallel do
doi =1,n
y(i)=ax( 1)+y( 1)
end do
I$ omp end teams
I$ omp end target
end subroutine  saxpy
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subroutlne saxpy (n, a, X, Y)
real 2 x(), y(), a
mteger n,
I$acc kernels
doi =1,n
y(i)=ax( i)+y( i)
end do

I$acc end kernels
end subroutine  saxpy
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OpenACCis a directives -

based programming
approach to parallel

computing designed for
performance and

portability on CPUs and
GPUs for HPC.

Add Simple Compiler Directive

main()
{ -
<serial code>
#pragma acc kernels

{

<parallel code>

OpenAC

.......... a

OpenACC
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CPU
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int  main(){

<sequential code>

#pragma acc kernels <— Compiler

Hint

<parallel code>

}
}

<#>
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OpenACC _

OpenACC

G

Sequential Code

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

< loop code >

}

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

< loop code >

}

(Incremental)
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OpenACC _ (single source)

Mn1"~™ ~ g D M n1 AY 11
int main(){
MAINT AXaA Mn1 T T4
a A A A #pragma acc parallel loop
for(int i =0; i <N; i++)

o N I d

MINT A N T OpenACCMn1T T = oopeode”

> . P, . 1A Mn1” a’
a’ ]
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Parallel Hardware

OpenACC

5 ; CPU -
OpenACC A
[ P. MINT 47 NdAD
EEENEEEEEEEEEEEEE \4 n V| \] '\l A
. /l n \IND‘ . '] . N C’ IDDDDDODDDDODDonD \1 n ,I B "" . s ~
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in1- """ I int main(){
L <sequential code> )
Compiler - 2 ,Al
#pragma acc kernels =~ <— Hint - A

<parallel code>

}
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] Success Stories

OpenACC N - . Events

More Science, Less Programming

About Blog Tools News Stories Events Resources Spec Community 1 Resources

. Guides
What IS OpenACC? #pragma acc data copy(A) create(Anew) i
hile ( > tol &R iter < iter_max ) { .
| . | | | W :Pior zr‘;o;] (e} iter 1ter_max i TutOrIaIS

The OpenACC Organization is dedicated to helping the e T
research and developer community advance science by { 1 Courses

. . . . #pragma acc loop independent collapse(2) reduction(max:err
expanding their accelerated and parallel computing skills. or) Code S |
We have 3 areas of focus: participating in computing DAL AR o e R ) 1 Lode samples

for ( int i =1; i < m-1; i+ ) {

ecosystem development, providing training and education Anew [j] [i] = @.25 * ( A [j] [i+#1] + A [j] [i-1] + ] Talks
on programming models, resources and tools, and e AL+ A Lo
developing the OpenACC specification. error = max ( error, fabs (Anew [j] [i] - A [§] 1 Books

[i1));

| Teaching Materials

Learn More

| Specification

J Community
https://www.openacc.org

| Stack Overflow
) Slack

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

OpenACC



https://www.openacc.org/

. OpenACC 1

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



OpenACC 1

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

~ S >~

C#pragma:C,CH++ i NANANMYNT i M1 MAdNT AN T M AN

A CpMAdNT A D P

~acc:d 7w X OpenACC VY TMdNT AT

_ Fortran 4 A SM ANV MAdAT Isacc 97 wpL 0 C
#pragmaacc /1~ P

b/IIDirectiver')“l"' ANYT M P:OpenACC Mn1-~ T T MU

_Clausesp N 4 nMi P:directive A
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Parallel
d A7 a

Parallel Hardware

\

A

e ————
- |IIIIIIII
<sequential code> //
I$ acc parallel
<sequential code>
I$ acc end parallel

OpenACC

A Parallel
Jds 7

Agang M MA MAV1T T AT TN

1 n\

A Parallel
gang’ .

d
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Parallel

14 n N a
I$acc parallel ; 2 . ,o~ .
I$acc loop A R a NN R 1 parallel

do i_ =1, N .

eng(ollgzo A , aN TOC,CH++ A i Fortran
I$ acc end parallel I$acc n. " !$acc end AN

A Loop T TRA A 4AnnNT 0

CIC++ coLA A . Lo
- gangs™ ~ X aAN” D2MdNT A
#pragma acc parallel _

{ :

#pragma acc loop

for (int i =0; i <N; i++4)

a[i]=0;
}

OpenACC
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Parallel

11 n N ap N P
AT T YNN4ADT 4 AT anN" i
I$ acc parallel loop 1A~ parallel loop S
doi =1,N a X
a(i)=0
end do A parallel loop - -
AnN"  ~ 1N 1 1n\V a A
20 X
#pragma acc parallel loop AGpenMP /A p a 4P
for (int 1 =07 1 <N; i+4) AN n M A X0 AnN° T 14
a[1]=0; TADdlAx0
OpenACC
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Parallel

2 AV o
A SAnNT . &7 44l 40N
I$acc parallel loop parallel | X |
doi =1,N ) . . ’
a(i)=0 A 4nv 7 4nNNT M 4nvi
anN -~ v,
I$acc parallel loop
do =1 M A taN T N a " P
b(j) = 0 - - P.
AL T 1T inN" W T
OpenACC
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Parallel

J
I$acc parallel
doi =1,N
a(i)=0
end do
I$ acc end parallel

ParaIIMI ] X
MJdN A4 1
s\l
NaA
OpenACC
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@) @)

o o
gang gang

Qo Q.

o o
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gang gang
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gang gang
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Parallel

A

I$acc parallel

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

I$ acc end parallel

loop | I
\ O~ Md N A
TidnVdX TaAN
OpenACC
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Kernels

MdNT A7 AOA’ a
CPU Parallel Hardware

A kernels " Mn1 A 1ny-~ -

\\ "X tt 27
<sequential code>

#pragma acc kernels

{

<for loop>

<for loop>

}

OpenACC
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Kernels

141 nN a
!$acc_kerne|s A kernels ~ dop "  forP AnNc -
d0|_:1,N ]

a(l)=0 AMNNT A 1 N AN AT
end do ANY nMAS & 41nuf &~ -
I1$ acc end kernels

AMANNT A X a p " A
a” "~ " MJIN 1XA
#pragma acc kernels
for (Int 1 =0; 1 <N; i++)
al[i]=0;
OpenACC
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Kernels

Y41 n\ a
1$ acc kernel ) \ .
F ezmlei A kernels 24 nNxVn _
a(i)=0 PMN1IMANVNP™ ™ [
end do
doj;l,M ) .
b()) =0 AMn1MAN N parallel N i C,C++
end do <> . N <
I$ acc end kernels N 1 Fortran I$acc 0. I$acc
end” A~
P E60 bRk A 44nyd A A i MAINT A4 Mp1v
for (int i =0; i <N; i++) ANNA T 1}]\4'/1\\’1 ’
a[|]=0, ('—& N i éN ~
for (int j=0;j<M; jt+)
b[j] = 0;
}
OpenACC
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Kernels
N

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

end do

do j=1,M
b() =0
end do
1$ acc end kernels

A kernels A~ loop
g
A inNdT TN M
gangX . 1 . i gang
\ a 1T OaXA
OpenACC
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Kernels

Fortran a
I$ acc kernels A kernels " parallel 7 i Mn
a()= 1 TM4ANYNT A P, "1 Fortran
b()= 2 array notation p P’ a.
c(:) = a(:) + b(:) )
I$ acc end kernels A parallel ] loop Ao i
XUV X] loop _ Fortran ”
o AN P

Foruan

I$ acc paralleltosg
c(:) = a(:) +bC

OpenACC
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Parallel” Kernels

Parallel Kernels

AdnNnxJ A aN "~ AN AdnNny
~ . . e v

AMI N A4X

A H1nV I A H4nvy~ "~

A Fortran ’ 0O p - A Fortran

OpenAC
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Loop

I$acc loop A4 a-
doa'(i)‘zl’o'\' AdnN A7t ETMANT A
end do 1, D X P,
AOpenMP/A | 41 n\V a AN
p reducton P~ =~ AT
fipragma acc loop o Ad ny -~ a~. .~ OpenACC
for (int (')_ =0, 1 <N 1+4) _ (parallel ~ kernels ) R
A=t ST X
OpenACC
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Loop

parallel A 4 n a

Fortran L. >, vow
Al : : - M

I$acc parallel

doi =1N A& 4nV iA1n\ 0 X
a(i)=0 ; "

end do

I$acc loop
do j=1,M
b(j) =0

end do

I$acc end parallel

OpenACC
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Loop

kernels A 1 n\ a

I$Sacc kernels Akeznels\( T loopN AN MX
I$acc oo ) )
doizlp,)N AdnNn oop " 10\ a”

a(i)=0 P XL MdN A a ]
end do 3 XD
do j =1, M 1nNnx’ p
b() =0
end do
I$acc end kernels

OpenACC
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Loop

10\ o

I$ acc parallel loop A 1n \J’N a I Anyd”" AT
do j=1,M loop 2

I$ acc loop ) ] ] o

doa'(ifl)’_'\'o A CUDA GPU e T Q)

end do U .6 AAXD N

dd . _
i AP NVIDIAGPU" ~ 7 P 1 e

1 V1 MM NMANMYNT Mn MY

#pragma acc parallel loop AT 14i A i |00p ~ S~
for (int i =0; i <N; i++)] . j-‘ A :

#pragma acc loop ] 1.

for (int  j=0;j<M,; j++){

ali ][] =

}

}
OpenACC
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OpenACCM n 1
(NVIDIA, PGI)

M N

. 1$acc parallel loop
8:

doi =1,N
9: a( 1)=0
10: end do

Zfast Zacc=multicore

Zfast

$ nvfortran
$ pgfortran

Zacc -ta=multicore

ZMinfo =accel main.f90
ZMinfo =accel main.fo90

FEEDBACK

main:
7, Generating Multicore code

8, !$acc loop gang

OpenACC
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OpenACCM n 1
(NVIDIA, PGI)

M N

! . E&CC Kernels loop

8: doi =1,N
9: a( 1)=0
10: end do

Zfast Zacc=multicore

Zfast

$ nvfortran
$ pgfortran

Zacc -ta=multicore

ZMinfo =accel main.fo0
ZMinfo =accel main.f90

FEEDBACK

main:
8, Loop is parallelizable
Generating Multicore code

8, !$acc loop gang

OpenACC
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OpenACCM n 1
(NVIDIA, PGI)

Md N 1

l ; Eacc parallel loop p
8: [doi =2 N B 9‘ﬁ‘~bp .
9: a(i)=a( i)+a( -1) -
10: Jend do 1TETPY  Ja
$ nvfortran ZAast Zacc=multicore ZMinfo =accel main.f90
$ pgfortran Zfast Zacc -ta=multicore  ZMinfo =accel main.f90
FEEDBACK

main:
7,

Generating Multicore code

8, !1$acc loop gang

This material is released by Prometech Software Inc. under the CC BY-NC-ND 4.0
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OpenACCM n1 MdN~ 1
(NVIDIA, PGI)

!: .lgacc kernels loo v L . .
8. [doi =2N oA oA X
: N T . _ 2P a P
9: a(i)=a( i)+a(i -1) TPA 0V JA
10: |end do :
$ nvfortran Zast Zacc=multicore ZMinfo =accel main.f90
$ pgfortran  Zfast Zacc -ta=multicore  ZMinfo =accel main.fo0

FEEDBACK

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

This material is released by Prometech Software Inc. under the CC BY-NC-ND 4.0
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NVIDIA A100 GPU 0

\ Jd A

! . Eacc parallel loop

8: doi =1,N
9: a(i)=0
10: end do

Zfast
Zfast

$ nvfortran
$ pgfortran

Zacc Zta=tesla,cc80

Zacc Zgpu=cc80 ZMinfo =accel main.fo0

ZMinfo =accel main.f90

FEEDBACK

main:
7, Generating Tesla code
8, !$acc loop gang, vector(128) !
7, Generating implicit

copyout (a(1:1024)) [if not already present]

blockidx%x threadidx%x

OpenACC
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' NVIDIA P100,V100° 0 N d A

COMPILING

# for NVIDIA  P100
$ nvfortran  Zfast Zacc Zgpu=cc60 ZMinfo =accel main.f90
$ pgfortran Zfast Zacc Zta=tesla,cc60 ZMinfo =accel main.f90

# for NVIDIA V100
$ nvfortran Zfast Zacc Zgpu=cc70 ZMinfo =accel main.f90
$ pgfortran  Zfast Zacc Zta=tesla,cc70 ZMinfo =accel main.f90

OpenACC
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Q

3.CPU-GPUA" Y nM
i.14AN a
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NTA A4 & 1 N
MnMYAXVYI VUM T JA

AHost:14 A~ CPU

ADevice:GPU 1T 0>~  ® 7 N\VA Device
1 nM

AOpenACC MMy AT i1n1

X\l 1 VI {41 Host/Device /11 ]
T 414N 1114 1A A N
NA4nM” P, L Jd AT AANA
a Ul
OpenACC
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NTA A4 & 1 N
MnM\ AX GPU A

AOpenACC VIn‘H*lePU Al
i ANV~ CPU GPU 144A4"

z

X e

|

o

111

High
Capacity
Memory

IO Bus

OpenACC
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w D

144N  Q

Unified memory -gpu =unified -gpu =mem:unified
(+GH200 T niYNVA)
Managed memory -gpu =managed -gpu =mem:managed
Pinned memory -gpu =pinned -gpu =mem:pinned
A Parallel/Kernels pSdata PK AT AAA T
A data KAAA )T N°
A Enter data/exit data K A’
A Update KAnMA0~ 9

OpenACC
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. Managed memory
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CUDA managed memory
AT i T

Without Managed Memory With Managed Memory

CPU GPU 44N~ 177
Nnd T T

Managed Memory

OpenACC
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Managed memory
ACPUIGPU 144X 41N 7. . 99 9% 9 0 P managed
4 h o

memory P~ i CPU-GPUI" A n M “Ad0a’p

A CUDA Managed Memory OpenACC . _ 1 ' p.

AHost-Device (CPU-GPU)A™ U A~ 44N B )
X P, 1 1nN o 1" AP

A Managed memory deepcopy A n\ ]

‘$ nvfortran  Zfast Zacc - gpu=mem:managedZMinfo =accel main.f90

$ nvc Zast Zacc Zgpu=mem:managedZMinfo =accel main.c
B NVIDIAHPC SDK 24.59 | -gpu=mem:managed X /I '\( ~ 0]

I AdnMAd4d255° | -gpu=managed 5 1w NI
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Managed memory
N 1

ANVIDIA(PGDMJdN™ A7 77 0

Ci
>
(@)

A Allocate
N A

AdAA 10

p. mallocP ™ N n\
NAN 7 ]

YpdnVuV1XVpI

A¥nM  xd0aN . LA AT
0N nM P

cd

A J A A4 &~ 37 i
Jd e ~

OpenACC

With Managed Memory

Managed Memory
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Managed memory

NnW

while ( error > tol &&iter<

{
error = 0.0;
#pragma acc kernels
{/I'  memcpyHost To Device (without Managed memory)
for(intj=1;j<n -1; j+t)
{

for( int i

iter_max )

=1, i <m-1; i++)
Anew[j][ i]=0.25* (A[j][i+1] + A[j][i
+ A -1 i ]+ A+
error = fmax( error, fabs(Anew[j][ i]
}
}

-1]
i]);

for(intj=1;j<n
{
for(int i
{
} ALl T1=Anewf][ i];

}
}/I memcpyDevice To Host (without Managed memory)

}

-1 j++)

=1, i <m-1; i++)

- AL D)

OpenACC

2

2

Managed memory ~

M VA )

A Anew NT MY AT i Mn1 Ae
" i while * CPU-GPUA™ A nM
MMn~ AY
Managed memory X A1 YMYITNV A
VM 4y 4 1744 AnMMMvYn~AY
AnM T MMAT "t a”
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NTA 1944 q
Host/Device A° J A~ AnMMvn
AData > MdN A7 0N, AAdnM> T M NV dNT -

AData =~ kernels/parallel A i > 7 wi A 7 data, enter data/exit data
, N

I$acc parallel loop

doi =1,N
a(i)=0

end do

OpenACC
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NTA 1944 q
Host/Device A° J A~ AnMMvn
AData > MdN A7 0N, AAdnM> T M NV dNT -

AData =~ kernels/parallel A i > 7 wi A 7 data, enter data/exit data
, N

I$ acc parallel loop copyout (a(1:N))
dot1 =1,N
a(i)=0 NI a b o
i eviced
end do Host MMn~ |
OpenACC
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NN 144 Q
Host/Device /T J A~ AnMMVn

copyin 6 a O copyout 6 a 8

Execute delete 6 a 0

create 5 ad0 on from CPU from GPU

0 GPU CINEIS o CPU from GPU
I$acc parallel loop copy(a( 1:N))
dot1 =1, N
a(l)=2*a( 1)
end do

OpenACC
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w

NN 149A4 Q
Host/Device /T J A~ AnMMVn

copyin 6 a O copyout 6 a O

create 6 ad o nyy fromCPU Kernels from GPU fcrlglrcre]tglgua .
to GPU to CPU

Execute

CPU MEMORY GPU MEMORY

A O A O

This material is released by Prometech Software Inc. under the CC BY-NC-ND 4.0
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copy( list ) Device N T "N P Hostd  Device’
n

1i A P Host” AnM~T MV

~ ~

0" 1T :Mn1A 1~ NnM "7 7 | Device” N7, AnM

14
d

Nk k ~AY T T nA~ d

copyin ( list ) "N " p i Device” "AA4~ _ 1  Hosto Device
AnMMVMN~ A
0 1 NM4Ainud A - .
copyout ( list ) Device” 14N~ T i AN p  AnM~ Host” M
in~.
01 :AJAnM~™ A p @& Device ~ 00,
create( list ) Device” 444~ T Xj Host®™" MMn A 77

O 1 4 ANA" A1 ’ a
OpenACC
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N A

AMdNT A4X - P97 o
At 09 7 - JAYVNMP
ACIC++: 2 a % = AnM\N~ V-~

AFortran:2 o o 7 | p- JAVNVNMP™

‘ copy(array( starting_index:ending_index )) \

‘ copy(array[ starting_index:length ) \

OpenACC
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rd =

NN
14 A

‘ copy(array(1:N, 1:M)) ‘
‘ copy(array[0:N][0:M]) ‘

~ Device” MMn~ 7

OpenACC
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rd =

NN
A | A

‘ copy(array(N/4:N/4+N/4)) |
‘ copy(array[N/4:N/4]) ‘

OpenACC

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



iv. . A 144N O

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



J AT 144 a

NANA & 1 A

A & aAN

DeviceA " Y nMX 41 | X 0O :

, ) Device

A a OaAN )

HostA - Y'nMX 41 | X 0O

A Host/Device X 14 A ~ LR

BV d4ivnM MvMnXx | 7. 1

Ae  ~“T M40~ . 77 P01 An

MMMn”~™ i :
” Device

Memory
OpenACC
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A W _ Device j Host™ =~ 444N A

o ] Device
AN AN _ nvy N
CoL A 0N "2 X 7

Ci >
-
=

C
L
N\
< o2

W =2
v
=

Ad T AN n ‘S|
“NAY & 1
” Device
Memory
OpenACC
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device

N7 ™~

AT AnM7 P ) s

J A 49494 4
]

A W _ Mn1 " p DeviceP
Host" NNAANNnA11~

i

<> I EEENFEEEENNEEEN
— I EEENFEEEENNEEEN
> I EENNEENEENNEEEN
N I EEENENEENNEEEN
—> I EEENENEENNEEEN
S I EEENEENEENENEEN

& device
Memory

OpenACC
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:

) . . . |
A Data DeviceA” A n V I$acc data clauses
4 < Sequential and/or Parallel code >

A " AP An W

DeviceA ’ 1 ~_” ' I$acc end data
AData | = 1 nNn X DeviceA

Ao v T ! 140N #pragma acc data clauses

: {

< Sequential and/or Parallel code >

OpenACC
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copy( list ) Device N T "N P Hostd  Device’
n

1i A P Host” AnM~T MV

~ ~

0" 1T :Mn1A 1~ NnM "7 7 | Device” N7, AnM

14
d

Nk k ~AY T T nA~ d

copyin ( list ) "N " p i Device” "AA4~ _ 1  Hosto Device
AnMMVMN~ A
0 1 NM4Ainud A - .
copyout ( list ) Device” 14N~ T i AN p  AnM~ Host” M
in~.
01 :AJAnM~™ A p @& Device ~ 00,
create( list ) Device” 444~ T Xj Host®™" MMn A 77

O 1 4 ANA" A1 ’ a
OpenACC
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Data

I$acc data copyin (a(1:N),b(1:N)) copyout (c(1:N))
5
I$ acc parallel loop Deviced * & A N
do |=1’N ) I T a,b,E:.
c(i)y=a( 1) + b(i) DeviceN ~ 41 7 7
end do S
I$ acc end data

OpenACC
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Data

I$ acc data copyin ((1:N),bf1:N))

copyout (c(1:N))

Action

I$ acc parallel loop
doi =1,N

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

I$ acc end data

DoG iR dem

GRldevidevitie

Host Memory

A B C

OpenACC

Device memory

A B

C
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NnW

N
. N
A A~ NYnM K kernels/parallel -
X 7. \YnM ,‘ I vYnM
kernels/parallel N ~ ) I$acc kernels copyout (a(1:100))
D doi =1, 100
a(i)=0
end do
I$ acc end kernels

Al A" AnM K data -

A~ AnM
OpenACC

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



I$acc data  copyout (a(1:100))
I$acc kernels I$acc kernels copyout (a(1:100))
doi =1,100 doi =1,100
a(i)=0 a(i)=0
end do end do
1$ acc end kernels 1$ acc end kernels
I$ acc end data

OpenACC
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vs 1 A

Data ~ 5 6 AAXD

I$acc data |copyout (a(1:N)) |

1$ acc kernels
doi =1,N
a(i)= i
end do
1$ acc end kernels

I$acc kernels
doi =1,N
a(i)=2*a( i)
end do
I1$ acc end kernels

I$ acc end data

1 Data Copy

N\

P.

3 Data Copies
[copyout (a(1:N)) |

I$acc kernels
doi =1,N
a(i)= i
end do
1$ acc end kernels
I$acc kernels  |copy(a(1:N)) |
doi =1,N
a(i)=2*a( i)
end do
1$ acc end kernels

OpenACC
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NnW
Enter data

A Enter data Device” 14 A I$acc enter data  clauses
T " AY
) . e - o e < Sequential and/or Parallel code >
AN AN .0 create d
copyin L p. I$acc exitdata  clauses

A 9 enterdata - )
Cidaa T T

#pragma acc enter data clauses

< Sequential and/or Parallel code >

#pragma acc exitdata  clauses

OpenACC
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NnW
Exit data

A Exit data
~AD

ANAAN

P

Device 11 A A

delete copyout

AEntgrdata )]
NS exitdata X

A Enter data/exit data ’ T
"

OpenACC

I$acc enter data

clauses
< Sequential and/or Parallel code >

I$acc exit data clauses

#pragma acc enter data

clauses

< Sequential and/or Parallel code >

#pragma acc exit data clauses
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\nM " data

copyin ( list ) enterdataN” 4NAY" M Device” "AANT T AnM”~
Host® Device” MM n ™

copyout ( list ) Device” 14N~ 1 | exitdataN™ 4NN M > AnM”~
Host” MM n ™

create ( list ) enterdataN” 4NA" M Device” AN T T T T AY

delete ( list ) exitdata¥™ 4NN M Device AAA" ”

OpenACC
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NnW
A~

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

I$acc parallel loop

doi1 =1,N
c(i)y=a( 1) + b(r)
end do

I$acc exitdata  copyout (c( 1:N))

OpenACC
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NnW

5 A% 7 T xT A
A 7 7 enter data/exitdata = N

subroutine  allocate_array (A, N) A9 A
allocate (A( 1:N))
I$acc enter data create(A[1:N])

end subroutine A n \ n’ i DeviceA A 3]’ . T 7

subroutine  deallocate_array  (A) HostM n 1 1, P.
I$acc exit data delete(A) i N . .
deallocate(A) AN AMDOD ~ C++~ 0 9 g

end subroutine

program main
integer, allocatable 2 A(G)
allocate_array (A,100)
I$acc kernels

A()=0

I$acc end kernels
deallocate_array (A)

end program

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

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

end do

I$acc exit data copyout(c(

1:N)) delete(

a,b)

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

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

end do

I$acc end data

OpenACC
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C

YnM/

viii. CPU-GPUA’
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Update

Update - Host™ Device /47 4 A AnMMMNn~™ ADY
AnM 7 AT AnMTAON, 447 ’

k self: memcpy Device to Host

Vg

k device: memcpy Host to Device

I$ acc update self(x(1:end_index))
I$ acc update device(x(1:end_index))

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

OpenACC
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Update

#pragma acc update device(A[O:N])

n D

CPU Memory device Memory
Update | X0 ~
I YnMX
Host DeV|ce N~
"\ 70T
OpenACC #pragma acc update self(B[0:N])
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Update
\nMAo

subroutine  allocate_array (A, N)
allocate  (A(1:N))
I$acc enter data create(A[1:N])
end subroutine

subroutine  deallocate _array (A)
I$ acc exit data delete(A)
deallocate (A)

end subroutine

subroutine initialize_array (A, N)
dor =1IN
A(i)= i

| I$acc update device(A[1:N])

end subroutine

OpenACC

Ainitialize_array 4 A" A Host
AR/ ”

AHost® Device 7 ° A YnM~ N0
” " 1 update device™ a A~

A Update X 7 i 4N Mn1
"7 AnMO0 AXd4d- X 0D
~
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Reduction

AT A4 n & O
dodi:_l,size; Az Anvy~7 77 a~  dAij
01=1,size HYVMAN 1 X (i AN p T
do k=1,size | | Zb 6 xu( ) |
c(ij )=c( ij )+a( ik )*b( k,j ) '
eng”ddodo A DMAVIXAN N7 AAA D
end do AII\';ID ! . X pAnM
A Reduction clause” 3 2 8~ A~
OpenACC
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Reduction = = 7~ &

Fortran
I$ acc parallel loop
do k=1, size
c(ij )=c( 1) )+a( 1,k )*b( kj)

end do
w
InNT AT A - A~ g4 -
c(ij )~ NA (k-1) n a A
" AT T AnMY P c(ij )X k-1 L. a
~ X VW
OpenACC
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Reduction

Areducton” a1~ T 57
2 1 s 1 ST, dA
T
A M4V 1 reduction AT
5 44T Y nAT MMnT e
X 1 n\ "N
T TADY
A1 n A i reducton = M A\
1 A A X
Areducton X 1 ® 955D MJdNT

N
OpenACC

do 1 =1, size
do j =1, size
do k=1, size
c(ij )=c( 1]
end do
end do
end do

)+a( Lk )*b( kj)

do i=1, size
do j=1, size
tmp =0.0
I$ acc parallel loop
do k=1, size
tmp = tmp +a( i,k )*b( Kk, )
end do
c(ij )=
end do
end do

tmp)

reduction(+:

tmp
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Reduction
N 1

Areduction = AN 7 R A Areducton = AN 7 Y icC
PO . structj C++ classi Fortran J
ATdd 0V T
a(0) vooval =
I$acc paralle reductiq I$ acc paralle v%val)
do i=1, 100 doi =1, v%size
a(0) ' v%val(0) =
end d end do

OpenACC
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Reduction A
Operator Description Example
+ Addition/Summation reduction(+:sum)
* Multiplication/Product reduction(*:product)
max Maximum value reduction( max:maximumn
min Minimum value reduction(  min:minimum)
& Bitwise and reduction(&: val)
| Bitwise or reduction(|: val)
&& Logical and reduction(&&: val)
I Logical or reduction(||: val )
OpenACC
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OpenACC

I$ acc parallel loop
do 1 =1, size
do j =1, size
do k=1, size
c(i,j )=c(
end do
end do

end do

N

auto

) +a(

LK )*o( ki)
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Auto

A Kernels | A~ auto X Forian N

N i auto T U _ | '3 a.CCp @uo)
;s ~ do 1 =1, size
i do j=1, size
Aauto = parallel S U ’ do k=1, size
, P ' c(ij )=c( 1J )+a( Lk )yb( k)
' end do
end do
end do
I$acc end kernels
OpenACC
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Independent

Aindependent =~ A"

& o3
AX1 N 79

N P~

A Kernels T
NX1 P 08
I R

AN 4N A4\ independent
MANT A Y ‘

OpenACC

I$ acc kernelsloop  independent
do 1 =1, size
do j=1, size
do k=1, size
c(ij )=c( 1 )+a( 1,k )*b( kj )
end do
end do
end do
I$acc end kernels
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Independent

A Parallel | A~ independent
N N R R T A '$ acc arallel [obp  dadependent >
g - -7 ' do i =1,size

do j=1, size
do k=1, size
c(ij )=c( 1 )+a( 1,k )*b( kj )
end do
end do
end do

OpenACC
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Seq

Aseq (sequential) =~ 1 n N~ o Fortran
- , Fortran

T3 '$ acc parallel loop
AT NINAMRT P MANT A (o o T size

I R RO SRR e X

XJ&-W4\11 tA- NN 1$ acc loop seq
“ do k=1, size
, ) | G =l Qi )+ K Yb( K|
AMINT A X T3 4n\ encé'dlo)c( bo)+al bk )b( ki)
AT I MM AN M4 end do
A DA seq ~ T d4AXx0 end do

OpenACC
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Private and firstprivate

A private AN v AT real = tmp(3)
thread -private >~ = A
) . I$acc kernels loop private(  tmp(1:3))
A MANT NJdN a0 |doi =1, size
AMAN 7 D NAT Yn tmp(1) = <value>
Y MMn~ tmp(2) = <value>
' tmp(3) = <value>
Afirstprivate ~ | private ~ &, ?$nd do B
1 Host1 A A" Deviced A A x | ™ace ENAEEMES
0 a n 11 OA OEAO OEA Eimpd OAI O
I remains unchanged.
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Private and firstprivate

) . real 1 tmp(3)

A private/ firstprivate

N 1nN AC I$acc kernels loop private( tmp(1:3))

yA- Yy nAy”~ H° o do i=1, size

AN ' I'the tmp array is private to each iteration
' | of the outer loop

T i AYL tmp(1) = <value>

i\ tmp(2) = <value>

n tmp(3) = <value>

: I$ acc loop

do j=1, size2

' but tmp is shared amongst the threads
l'in the inner loop

array( 1,j )= tmp(1)+ tmp(2)+ tmp(3)
end do

end do
I$ acc end kernels

’

A n

17
N N
\

g -

ZJ_—“
z—
- 2

I

£ <>
N,

<
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Scalars and private

sz 2

ANMY4 AL T MYA 9P N Y P parallel A
firstprivate | kernels T private X AN

A
AQw™ ® YnM~ 37 i MYA Y private A7, T N |
Xi 3 7 AN @ |7 d4 0

A HDXj CIC++ N4nd41 Hi Fortran AM1nd4 9 9N
40 N4 A

H
A<
S5 =2 1«

2. MV A HXij Device YM41n\VJd~ TN dA
3. MVA Hxj A return -value® T N A

A 1 KMYXA 97 private A7, D1 e X A7 d4AXx0
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Collapse
Fortran

I$acc parallel loop collapse(2)

) do i =1, size

A collapse( N) do j=1, size

AN~ tightly nested loop ~ \I n M tmp =9

Ightly nested 100p n I$ acc loop reduction(+:tmp)

< ~ , . do k=1, size

A 1nN~ 1 1 nN P. tmp = tmp +a( i,k )*b( kj )
end do
c(ij )= tmp

: ) - end do

AN A A 76 Jd end do

A\JP"in\J“Js\ N

d AN d

é
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Collapse

collapse( 2)

1,11 1,2} (1,3} (1,4

2,11 2,2) ) (2,3)) (2,4

311 B2 B3] B4

4,1)] 42} 43)) 4,49

I$ acc parallel loop collapse(2)

doj=1,4
doi =1,4
array( i,j )=0
end do
OpenACC end do
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Tile

Atile (x,y, z, ... .
(x.y ) I$ acc kernels loop tile(32, 32)
A AnN~ o0Ti | @®I @relk ORI E12E
do =1, size
do k=1,size _ _
c(ij )=c( 1) )+a( i1k )b( k] )

AMn1° . 7 datalocality ( ¥ n M end do
2 e 3 A X end do
end do
L s _ L |
ALY STiTam &A I$acc end kernels
OpenACC
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Tile

tile (2,2)

I$ acc kernels loop tile(2,2)

doj=1, 4
doi =1,4
array( 1) ) =array( i,) )+ 1
end do
end do

I$ acc end kernels

(3,1) (3,2) (3,3) (3,4)

4,1) (4,2 (4,3) (4,4
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Mn1 (1)

daxpy:a*x+y

mu routine  daxpy(n, a, X, Yy)

integer ::n
double precision o a, x(n), y(n)

I$acc kernels loop copyin (x(1:n)) copy(y(1:n))
doi =1,n
y(i)=a*x( 1)+y( i)
end do
I$acc end kernels
end subroutine

1. Kernels ) G p D

Q«

2. data ~ i AnM MMn~ J A7

OpenACC
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Mn1 (2)
ddot : xk y

function  ddot (n, X, y) result (s)
integer :n
double precision :0's, x(n), y(n)

s=0
I$acc kernels loop reduction(+:s) copyin (x(1:n),y(1:n))
doi =1,n
s=s+x( i)*y( i)
end do
I$acc end kernels
end function

>

p reduction’ M Jd N AXAD P

QI?

1. Kernels

cd

2. data ~ " i AnM MMn~ J A~ @&

OpenACC
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r 14
~ b4

dai 7 Y MY 14K
? https://i.riken.jp/supercom/documents/himenobmt/
Mn (3)

3 MYJdY 1 (himenoBMTxp.f90 )

subroutine  jacobi (nn, gosa)

I$acc data copyin (a,b,c,bnd, wrkl) create( wrk2) copy(p) ! " levkwe No (i 0
do loop =1, nn

gosa =0.0

I$acc kernels loop reduction(+: gosa)

do k=2, kmax -1
do j=2,jmax -1
doi =2, imax -1
sO = a(i,j,k,1)*p(i+1,j,k) &

gosa = gosa + SS*ss

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

end do

I$acc end data

end subroutine
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1. NVIDIAMd N A~ 7 7 T T NApPCPWMNTP D k

2. dMMAT 1 nN 7 parallel/kernels - N

3. MJdNT 41 pYVIY 1 -accdMinfo =accel” i P

4. MdNT 44V AT T i 4 nNdXGPWS a . >~
5. 84NA41 aAk

6. OANA ptimeri NA4Mi1 AJdN1n4 NsightSystems™ Y P
717 T Ti26 47 i Mn1 1T 0™
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A K 98 = A~ "N i " dAYnYAd s w -
Ad KJIMMA1nN~ kernels A T i T dAse X AT AT
AD9AN T ATT X T aNMndK a’ D B B
X4 T P JdMMA1n X i JMMA1 N\ XJp
Wi YnV MMAXdpWI MY N
ANnM T MMAXMAT YNV YT T 14K

Unifiedmemory 0 p+GH200 =~ ~ ndYNMAP~ 9

TAN O A p HGPU AN TP
ANAA & A dAiMn1 & p. . %77 T 3T X
AJ" "V A nIdNY A K NATnYAdT T bad a’ ,
enter/exitdata ~ ~ | update self/device " Host/Device ANYnMMMn
T AH
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1. GPUMN ANANJY | 3. CPU-GPUA" AnM 1T @
T aMnd AN &
GPU & Managed memory
GPUM 4 N A\ Y Data
NVIDIA HPC SDK 1 A 444 &

2. OpenACC~ N A4NAT a Data

. . vs U A" AnV

OpenACC, | A0
OpenACC q NnvAD
Parallel . .
Kernels 4.1 n N a
Loop , ~ 5. OpenACC~ a . N
OpenACCM N1 MdN 6 -
1 : .
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