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[ipyumep SAXPY Ha C: OpenMP

* TlpocTtoTa
*  OTKpbITbIK CTAaHAAPT

*  BbicoKada
NMPOU3BOAUTE/ILHOCTb

R —

//;;;d saxpy(int n, float a, float *x,

float *restrict y){
#pragma omp parallel for
for (int i = 0; i < n; ++i)
y[il = a*x[i] + y[il;




[Ipyumep SAXPY Ha C: OpenACC

* TlpocTtoTa
*  OTKpbITbIK CTAaHAAPT

* BbicOKada
MPOM3BOANTE/ILHOCTb

| —
RENp> |
|IIIIIIII|

void saxpy(int n, float a, float *Xx,
float *restrict y){
#pragma acc parallel
for (int i = 0; i < n; ++i)
y[il = a*x[i] + y[il;




OpenACC API

\

* [AMPEKTUBbI KOMMUAATOPY YKa3biBalOT 06/1acTH
napa//ie/ibHbIX Bbl4UC/AE€HUM B A3blKax C 1 Fortran

* BbIFpy*KaeT 06/1aCcT C UHTEHCUBHbLIMU BbluMCAeHuAMM Ha GPU.
* Kog He 3aBucnt oT OC, CPU, yckopuTena, U KOMNUAATOpPA

* BO3MOHOCTb CO3/4aBaTb BbICOKOYPOBHEBbIE rMBpPUAHbIE
(CPU+ycKopuTe/b) Nporpammbl

* 6e3 ABHOM MHULMA/IN3ALUU YCKOPUTEA

** ©e3 ABHOro KONMMPOBaHMA AaHHbIX Mexay CPU u yckoputenem



OpenACC

\

* [lporpammHas moge/ib M03BO/IAET MPOrPaMMUCTY /IEFKO Ha4yaTb
nporpammupoBaTtb GPU, obecneymBaa KOMNUAATOP
noAcKa3skamu:

*  flAHHble A/1A pa3MeLLLeHNs Ha YCKopUTene U X
XapaKTePUCTUKM

* pEeKoOMeHAaumMm No 0TobpaXkeHUIo LMK/A0B Ha YCKOPUTE/Ib
* W ApYyrue, CBA3aHHblE C MPOU3BOAMTE/IbHOCTbLIO, AETa/N

* COBMECTUM C APYrMMU A3blkamu nporpammuposaHma GPU u
6ubmoTekamu:

* B3ammogencteue ¢ CUDA C/Fortran n GPU 6ubamotekamm
* Hanpumep CUFFT, CUBLAS, CUSPARSE, u T.4.



Cneundpukaumda vi.o

—

* [MonHaa Cneuymopumkauyma OpenACC 1.0 4OCTyrMHA Ha cauTe:
http://www.openacc-standard.org

* Tak»e aocTynHa namAaTka no OpenACC

* [poBHaA BepCcUA KOMMUAATOPA:
http://www.nvidia.com/object/openacc-gpu-directives.html

* OHMAWH KYpCbl U BEOUHAPbI:
http://www.nvidia.com/object/webinar.html

WD PGl sR2Y | caps”
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Mogaesnb ncnosiHeHnsa OpenACC

BbIMO/IHAET 60/1bLLYIO YaCTb NPOrpaMmbl

BblAe/1AeT NaMATb Ha YCKopUuTeae

MHULMUPYET KONMUPOBAHUE AAHHbIX M3 MAMATU XOCTa B NaMATb
yckopuTtens

OTNPaB/AET KOA AAPa Ha YCKOpUTE/Ib

yCTaHaB/IMBAET A4pPa B o4epesb A/1A UCMO/NHEHWUA Ha YyCKopuTene
OXMAQET BbINO/HEHUA A4Pa

MHULMUPYET KONMUPOBAaHME AAHHBIX M3 NAMATU YCKOPUTE/IA B NAMATD
X0CTa

*  0CBODOXKAAeT NaMATb yCKOpUTEA

* YCcKopuTe/b
¥ UCMO/HAET AApPa O4HO 32 APYrUm
* O0AHOBpPEMEHHO MOXET nepegaBsaTtb gaHHble MeXAay XOCTOM U
yCcKopuTenem

* X X X



Mogaesnb ncnosiHeHnsa OpenACC

\

Mogaenb ncnosnHeHna OpenACC umeeT Tpu YpOBHA: gang,

worker, vector

Ha apxutekTypy 3Ta moge/b oTobpaxaeTca, Kak Habop
obpabaTbiBaembix 3/1eMmeHTOB (PES)

Kaxgbin PE cogep»XUT MHOIO paboumx 1 Kaxkabin pabouni
MOMET BbIMO/IHATb BEKTOPHbIE MHCTPYKLUU

Ana GPU B 60abLUMHCTBE CydaeB OTOOparkeHue NnponcxoamT
Tak: gang=block, worker=warp, vector=threads-in-warp

3aBUCUT OT TOro, Kak KOMMU/IATOP NOCHNTAET HYKHbIM



CpaBHeHne CUDA C/Fortran ¢ OpenACC

\

* CUDA C/Fortran:

+

+

BblCOKaA Npou3BoAMTE/IbHOCTb KOAQ, ONTUMU3IUPOBAHHOIO
BPY4HYIO

[TopTpoBaHue Koga Ha GPU no 4yactam

MoaaepxkKa Tonbko CUDA naatdopm

HeobxoauMO nmeTb ABa pa3/IMYHbIX BAPUAHTA KOAa

* OpenACC:

'+ + +

Bo3mMO»Ha xopoLiuasa nponu3BoAUTE/IbHOCTb

[TopTMpOBaHMe KOAa Ha pPa3/IMyHble YCKOPUTE/IU MO 4YacTAM
MoaaepxkKa He TobKo CUDA niatdopm

Hy»eH TO/IbKO OAWH BapUaHT KoAa

Henb3a oTcieanTb peLlueHna KOMNUAAToOpa

[To4TK BCE 3aBUCUT OT CreunduUK peanmsaLnmm KOMNuaaTopa
BEHA0pPOM



OpenACC API
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CHUHTaKCcUC ANPEKTUB

‘\

* Fortran
'$acc directive [ampubym [, ampubym] ... ]
CTPYKTYPUPOBaHHbIN 610K
'Sacc end directive
* C
#pragma acc directive [ampubym [, ampubym] ... ]
CTPYKTYPUPOBAHHbIN 610K



\

C nomoubro KomnuiaaTopa HMPP

* hmpp --openacc-target=CUDA gfortran <filename>
* hmpp -openacc-target=CUDA gcc <filename>

C nomoLbro KomnuaatTopa PGl

* pgfortran -acc -ta=nvidia <filename>

* pgcc -acc -ta=nvidia <filename>

c nomoubro KomnuasaTopa CRAY

* ftn -h acc <filename>



KoHcTpyKkuua Parallel

Fortran
'$acc parallel [aTpubyT [, aTpubyT]... ]
CTPYKTYPUPOBAHHbIN /10K




ATpubyTbl KOHCTPYKLUMKM Parallel

\

OCHOBHblE aTPUBYTbI aTpubyTbl AAHHbIX
+ if (condition) *  copy*(list)
+ async [(exp)] * create(list)
* num_gangs (exp) * present(list)
sk num_workers (exp ) * present_or_copy*(list)
« vector length(exp ) * present or create(list)
« private(list) * deviceptr(list)
+ firstprivate(list) * private(list)
+ reduction( operator:list ) *firstprivate(list)
*

*<blank>|in|out



OrpaHn4yeHund B UCMO/Ib3OBaHUU
KOHCTpyKuuu Parallel

‘\

* He morKeT BK/to4aTb pernoHsbl parallel v kernels

* Henb3A genatb YCI0BHbIE BXOAbI M BbIXOAbI B PErMOH
* He 3aBMCUT OT NOPAAKA YKA3aHMA aTpUOyTOB
* YcnoBue B if 40/XKHO BbITb TO/ZIBKO OAHO



KoHcTpyKumua Kernels

e

Fortran
'$acc acc kernels [aTpubyT [, atpmbyT]... |
CTPYKTYPUPOBAHHbIN /10K

C
#pragma acc kernels [aTpubyT [, aTpnbyT]... ]




KoHcTpyKumua Kernels

'sacc kernels
doi=1,n
doj=1,n

'sacc end kernels



ATpnbyThI

‘\

OcHOBHble aTpUBYThI aTpUOYThI AQHHBIX

copy*(list)

create(list)
present(list)
present_or copy*(list)

+ if (condition) :
&
&
« present_or create(list)
*
*
*

+ async [(exp)]

deviceptr(list)
private(list)
firstprivate(list)

# *<blank>|in|out



CpaBHeHue Parallel n Kernels

int a [10000]; -
int b [10000];
#pragma acc parallel
{
for (int i=0; 1<1000; i++)
a[i] = 1 - 100 + 23;

for (int j=0; j<1000; j++)
b[j] = J - 16 + 213;



CpaBHeHue Parallel n Kernels

—

arom@cuda:~/cuda/pgi$ pgcc -acc -ta=nvidia -Minfo=accel testl0O.c -o testlO
main:

7, Accelerator kernel generated
9, #pragma acc loop vector(256) /* threadIdx.x */
12, #pragma acc loop vector (256) /* threadIdx.x */
7, Generating present or copyout(a[0:1000])
Generating present or copyout(b[0:1000])
Generating NVIDIA code
9, Loop is parallelizable
12, Loop is parallelizable
arom@cuda:~/cuda/pgi$ PGI_ACC NOTIFY=3 ./testlO
launch CUDA kernel file=.. function=main line=7 device=0 num gangs=1 num workers=1
vector length=256 grid=1 block=256
download CUDA data file=. function=main line=16 device=0 variable=b bytes=4000
download CUDA data file=. function=main line=16 device=0 variable=a bytes=4000



CpaBHeHue Parallel n Kernels

int a [10000]; —
int b [10000];
#pragma acc kernels
{
for (int i=0; 1<1000; i++)
a[i] = i - 100 + 23;

for (int j=0; j<1000; j++)
b[j] = J - 16 + 213;



CpaBHeHue Parallel n Kernels

e

arom@cuda:~/cuda/pgi$ pgcc -acc -ta=nvidia -Minfo=accel testl0.c -o testlO
main:

7, Generating present or copyout(a[0:1000])
Generating present or copyout(b[0:1000])
Generating NVIDIA code
9, Loop is parallelizable
Accelerator kernel generated
9, #pragma acc loop gang, vector(128) /* blockIdx.x threadIdx.x */
12, Loop is parallelizable
Accelerator kernel generated
12, #pragma acc loop gang, vector(128) /* blockIdx.x threadIdx.x */
arom@cuda:~/cuda/pgi$ PGI_ACC NOTIFY=3 ./testlO
launch CUDA kernel file=.. function=main line=9 device=0 num gangs=8 num workers=1l
vector length=128 grid=8 block=128
launch CUDA kernel file=.. function=main line=12 device=0 num gangs=8 num workers=1l
vector length=128 grid=8 block=128
download CUDA data file=.. function=main line=16 device=0 variable=b bytes=4000
download CUDA data file=. function=main line=16 device=0 variable=a bytes=4000



KoHcTpyKuua Loop

Fortran
'$acc loop [aTpubyT [, aTpubyT]... ]

-

ATpuUbyTDHI
« collapse(n)

« gang|[(exp)]
worker[(exp)]
vector[(exp)]

seq

independent
private(list)
reduction(op:list)

*

C
#pragma acc loop [aTpubyT [, aTpubyT]... ]

* X * % *




CpaBHeHue Independent 1 Seq

int a [1@9@M

#pragma acc kernels
{
#pragma acc loop independent
for (int i=0; i<100; i++){
#pragma acc loop independent
{
for (int j=0; j<100; j++)
a[i*100 + j] =i - 100 + 23 + j;




CpaBHeHue Independent 1 Seq

‘\

arom@cuda:~/cuda/pgi$ pgcc -acc -Minfo=accel -o cl ./cl.c
main:

5, Generating present or copy(al0:])
Generating NVIDIA code
8, Loop 1is parallelizable
11, Loop is parallelizable
Accelerator kernel generated
8, #pragma acc loop gang /* blockIdx.y */
11, #pragma acc loop gang, vector(128) /* blockIdx.x threadIdx.x */



CpaBHeHue Independent 1 Seq

int a [1@9@M

#pragma acc kernels

{

#pragma acc loop independent
for (int i=0; i<100; i++){
#pragma acc loop seq

{

for (int j=0; j<100; j++)
a[i*100 + j] = i - 100 + 23 + j;



CpaBHeHue Independent 1 Seq

‘\

arom@cuda:~/cuda/pgi$ pgcc -acc -Minfo=accel -o c2 ./c2.c
main:
5, Generating present or copy(a[0:])
Generating NVIDIA code
8, Loop 1is parallelizable
11, Loop is parallelizable
Accelerator kernel generated
8, #pragma acc loop gang, vector (128) /* blockIdx.x threadIdx.x */




Komb6yHpoBaHHbIE AVPEKTUBDI

ﬁ)rtran \ C \

I$acc parallel loop [aTpubyT...] || #pragma acc parallel loop
do loop [aTpubyT... ]
[!$acc end parallel loop]




OTob6paxkeHue Ha 6/10ku 1 HUTHM CUDA

‘\

* BAOMeHHble LMK/bl CO34aI0T MHOFOMEPHbIE CeTKU U B/10KU
* B 60/IbLUMHCTBE C/1y4aeB:

gang -> blocks, vector -> threads
+ TpUMep: 2-MepHbIN LUK/ -> TEE
grid[100x200], block[16x32]

#pragma acc kernels loop gang(100), vector(16)

for(... ) N 100 6/10KOB B A4/IMH
#pragma acc loop gang(200), vector(32)

el




OTob6paxkeHue Ha 6/10ku 1 HUTHM CUDA

\

n/32 6/10Ka, KaxAbli MO 32 HATH
Mo YMO/IMaHUIO

n = 12800;
#pragma acc kernels
for( int i = 0; i < n; ++1 ) y[i] += a*x[i];
#pragma acc kernels loop gang(100) vector(128)
for( int i = 0; i < n; ++1 ) y[i] += a*x[i]; ‘

100 6/710K0OB, KaxAabli Nno 128
HUTEN, KaXKaaa HUTb BbINO/IHAET
OAHY UTEpaLMIO LMKAA C
ncnonb3oBaHMem kernels

#pragma acc parallel num_gangs(100) vector_length(128)
{

-

#pragma acc loop gang vector
for( int i = 0; i < n; ++i ) y[i] += a*x[i]; }

100 6/10KOB, KaxAabll No 128
HUTEN, Kaxaasa HUTb BbINOAHAET
OAHY UTepaumIo LKA C
ncnosb3oBaHuem parallel




OTob6paxkeHue Ha 6/10ku 1 HUTHM CUDA

‘\

#pragma acc parallel num_gangs(100) 100 6/10K0B, KaXAbIit N0 32 HUTH
{ No YMO/IHaHUIO

for( int i = 0; i < n; ++i ) y[i] += a*x[i]; }

#pragma acc parallel num_gangs(100) ]

{ 100 6/10K0B, KaXKAbl MO 32 HUTU

#pragma acc Tloop gang MO YMO/IHaHMIO

for(C int i = 0; i < n; ++1 ) y[i] += a*x[i]; }




OTob6paxkeHue Ha 6/10ku 1 HUTHM CUDA

\

Ham,a,aﬂ HUTb MOXET BbINMNO/IHATb OAHY UTEPALUUIO UUK/Qa, NI HECKO/IbKO, B
3aBUCMMOCTU OT TOro, Kak onpege/1eHo 0T06pa>|<eHme

#pragma acc kernels loop gang(100) vector(128) 100 6/10KOB, KaXAbIM Mo 128
for( int i = 0; i < nj; ++1 ) y[i] += a*x[i]; 1 HUTen

L.

#pragma acc kernels loop gang(50) vector(128)

‘ 50 6/10K0B, KaxAbl No 128
for( int i = 0; i < n; ++i ) y[i] += a*x[i];

HUTEN

N \.

BbIno/IHeHMEe HeCKO/IbKUX MTepaLI,MIZ O,CI,HOIZ HUTBbHO MOXET




ATPUOYThI ara o6aacty Data

Fortran
CuHTaKcuc: array (Havano : KoHey, [, HiK] ... )
[Tpumepesl: a(:, :

C
CHUMHTAKCUC: array| Ha4vyano : aAnHa




Ncno/ib30oBaHue pernoHa Data

""IllIIIIIIIII-.........!ii.-.>

int a [1000];
int b [1000];

#pragma acc parallel

for (int i=0; i<1000; i++) [ AlnpekTussl parallel pasmelueHbl ]

{

a[i] = i - 100 + 23; OTAE/IbHO 1 NOoTpebytoT
} reHepaumu Agep € OTAe/IbHbIM
KOMMPOBAHMEM AAHHbIX

#pragma acc parallel ‘
for (int j=0; j<1000; j++) - .
{

b[j] = a[j] - J - 10 + 213;
}



Ncno/ib30oBaHue pernoHa Data

—

main:
11, Accelerator kernel generated
12, #pragma acc loop vector(256) /* threadIdx.x */
11, Generating present or copyin(a[0:])
Generating NVIDIA code
12, Loop is parallelizable
17, Accelerator kernel generated
18, #pragma acc loop vector (256) /* threadIdx.x */
17, Generating present or copyin(b[0:])
Generating present or copyin(a[0:])
Generating NVIDIA code
18, Loop is parallelizable



Ncno/b3oBaHue pernoHa Data

\

PGI ACC NOTIFY=3 ./testll

launch CUDA kernel file=.. function=main line=9 device=0 num gangs=1
num workers=1 vector length=256 grid=1 block=256

download CUDA data file=.. function=main line=15 device=0 variable=a
bytes=4000

upload CUDA data file=.. function=main line=15 device=0 variable=a
bytes=4000

launch CUDA kernel file=.. function=main line=15 device=0 num gangs=1
num workers=1 vector length=256 grid=1 block=256

download CUDA data file=.. function=main line=22 device=0 variable=a
bytes=4000

download CUDA data file=.. function=main line=22 device=0 variable=Db

bytes=4000



Ncno/ib30oBaHue pernoHa Data
int a [1000];

I‘
int b [1000];

#pragma acc data copyout (a[0:1000],b[0:1000]) ‘

{

#pragma acc parallel ‘

for (int i=0; i<1000; i++) AvpekTusbl parallel pazmeleHbl B

{ paMKax obbemtolero permoHa data u
a[i]=1-100+23; noTpebytoT reHepalmm OTAe/IbHbIX

} Aaep, 0O4HAKO AaHHbIE KONMUPYHOTCA

OAVH pa3

#pragma acc parallel ‘ AMH P

for (int j=0; j<1000; j++)

{
b[jl=a[j]-j-10+213; R /

}

}



pgcc
main:

Icno/ib30BaHWe peroHa Data

—

—acc —-ta=nvidia -Minfo=accel testll.c -o testll

9,
11,
11,
12,
17,

17,
18,

Generating copyout(a[0:])

Generating copyout(b[0:])

Accelerator kernel generated

12, #pragma acc loop vector(256) /* threadIdx.x */
Generating NVIDIA code

Loop is parallelizable

Accelerator kernel generated

18, #pragma acc loop vector(256) /* threadIdx.x */
Generating NVIDIA code

Loop is parallelizable



Ncno/ib30oBaHue pernoHa Data

‘\

PGI ACC NOTIFY=3 ./testll

launch CUDA kernel file=.. function=main line=11
num workers=1 vector length=256 grid=1 block=256
launch CUDA kernel file=.. function=main line=17

num workers=1 vector length=256 grid=1l block=256
download CUDA data file=.. function=main line=24
bytes=4000
download CUDA data file=.. function=main line=24
bytes=4000

device=0

device=0

device=0

device=0

num gangs=1
num gangs=1
variable=Db

variable=a



OcTa/ibHblE ANPEKTUBDI

\

* host_data
[lenaeT agpec gaHHbIX HA yCKOpUTe/ae AOCTYMNHbIM A4/19 XOCTa
* cache
KawmnpyeT gaHHble Yepe3 NporpamMmmMHO-YNpaB/IA€Mblid K3LL.
(CUDA pa3gennaemasn namaATb)
* update
Ob6HOB/IAET CyLW,eCTBYOLWLME AaHHbIE NOC/1E UX MU3MEHEHUA
* wait
Omm,a,aeT BbIMO/IHEHUA ACUHXPOHHbIX onepau,mﬁ Ha YyCKOpuUTE/E
« declare
YKasblBaeT, YTO He0OBX0AMMO BblAE/IUTb MAMATbL HA YyCKOpUTe/ie
A/1 UICMO/Ib30BaHMA B pamMKax pernoHa data



RoHCcTpyKumna Host Data

Fortran
'$acc host data [aTpubyT [, atpmbyT]... ]




AvpeKkTuea Cache

Fortran

'sacc cache (list)
.




AvpekTnBa Update

Fortran

‘\

ATpuUbyTHI

*

*
*
*

host(list)
device(list)
if(condition)
async[(expr)]



AvipekTrBa Wait

Fortran
!sacc wait | (expression




AvpekTuBa Declare

‘\
Fortran

'$acc declare [aTpmbyT [, aTpubyT]... ] ATPM6yTb| AAHHbIX
copy*(list)

create(list)
present(list)
present_or_ copy*(list)
present_or create(list)
deviceptr(list)

device resident(list)

C

#pragma acc declare [aTpubyT [, aTpubyT]... ]

* % F * ¥ ¥ *

-

*<blank>|in|out



[Mognporpammsl runtime

—

Fortran

use openacc #include “openacc.h”
#include “openacc lib.h”

DyHKUUU

* acc_get num devices* acc init

* acc_set device type * acc malloc
* acc_set device num * acc free
* acc_async wait *



[lepemeHHble cpeabl 1 YC/1I0BHadA

ROMNMNAALNA

\

* ACC_DEVICE device

Tun yckoputens

* ACC_DEVICE_NUM num

Homep ycrkoputena

« OPENACC

AVpeKTMBa NpenpoLeccopy 414 YC/IOBHOM KOMMUAALMM



OpenACC v2.0

WIOHb 2013
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*+ /lono/HeHuA:

* entry data, exit data
* routine

* atomic

* API

* UT.A.



Example




Jacobi solver -\

do while (change > tolerance)
change = 0.0
iter = iter + 1
IParallel region to be executed on GPU
do j =2, n-1
do 1i=2, n-1
newa(i,j)= w0 * a(i,j) + &
wl * (a(i-1,j)+a(i,j-1)+a(i+1,j)+a(i,j+1)) + &
w2 * (a(i-1,j-1)+a(i-1,j+1)+a(i+1,j-1)+a(i+1,j+1))
change = max(change, abs(newa(i,j) - a(i, j)))
enddo
enddo
a(2:n-1,2:n-1) = newa(2:n-1,2:n-1)
lend of parallel region
enddo



Jacobi solver ‘\

do while (change > tolerance)
change = 0.0
iter = iter + 1
I$acc parallel
do j =2, n-1
do 1i=2, n-1
newa(i,j)= wo * a(i,j) + &
wl * (a(i-1,j)+a(i,j-1)+a(i+1,j)+a(i,j+1)) + &
w2 * (a(i-1,j-1)+a(i-1,j+1)+a(i+1,j-1)+a(i+1,j+1))

change = max(change, abs(newa(i,j) - a(i, j)))
enddo

enddo
a(2:n-1,2:n-1) = newa(2:n-1,2:n-1)

I$acc end parallel

enddo



I$acc

I$acc

I$acc
I$acc

I$acc

I$acc

data copy(a, newa)
do while (change > tolerance)
change = 0.0
iter = iter + 1
parallel reduction(max:change)
do j =2, n-1
do i =2, n-1
newa(i,j)= we * a(i,j) + &
wl * (a(i-1,j)+a(i,j-1)+a(i+1,j)+a(i,j+1)) + &
w2 * (a(i-1,j-1)+a(i-1,j+1)+a(i+1,j-1)+a(i+1,j+1))
change = max(change, abs(newa(i,j) - a(i, j)))
enddo
enddo
end parallel
parallel
a(2:n-1,2:n-1) = newa(2:n-1,2:n-1)
end parallel
enddo
end data



I$acc

I$acc

I$acc
I$acc

I$acc

I$acc

data copyin(a), create(newa)
do while (change > tolerance)
change = 0.0
iter = iter + 1
parallel reduction(max:change)
do j =2, n-1
do i =2, n-1
newa(i,j)= we * a(i,j) + &
wl * (a(i-1,j)+a(i,j-1)+a(i+1,j)+a(i,j+1)) + &
w2 * (a(i-1,j-1)+a(i-1,j+1)+a(i+1,j-1)+a(i+1,j+1))
change = max(change, abs(newa(i,j) - a(i, j)))
enddo
enddo
end parallel
parallel
a(2:n-1,2:n-1) = newa(2:n-1,2:n-1)
end parallel
enddo
end data



I$acc data copyin(a), create(newa)

do while (change > tolerance)

change = 0.0
iter = iter + 1

i

!$acc kernels loop reduction(max:change), gang(32), worker(8)

I$acc
I$acc

I$acc

I$acc

do j =2, n-1
do i =2, n-1

newa(i,j)= wo * a(i,j) + &
wl * (a(i-1,j)+a(i,j-1)+a(i+1,j)+a(i,j+1)) + &
w2 * (a(i-1,j-1)+a(i-1,j+1)+a(i+1,j-1)+a(i+1,j+1))
change = max(change, abs(newa(i,j) - a(i, j)))

enddo
enddo
end kernels loop
parallel
a(2:n-1,2:n-1)
end parallel
enddo
end data

newa(2:n-1,2:n-1)



jacobi:
42,

43,
44,

51,

pgfortran -fast -acc -ta=nvidia -Minfo=accel -0 jac_p jm

Generating copyin(a(1:n,1:n))

Generating copyout(a(2:n-1,2:n-1))

Generating local(newa(:,:))

Loop is parallelizable

Loop is parallelizable

Accelerator kernel generated

43, !$acc do parallel, vector(16) ! blockidx%y threadidx%y

44, '$acc do parallel, vector(16) ! blockidx%x threadidx%x
Cached references to size [18x18] block of 'a’

48, Max reduction generated for cur_eps

Loop is parallelizable

Accelerator kernel generated

51, !$acc do parallel, vector(16) ! blockidx%x threadidx%x

I$acc do parallel, vector(16) ! blockidx%y threadidx%y



-’

** Tesla T10 Processor

[conqueror@tesla-cmc Tutorial2]$ ./J4.exe 1024

reached delta= 0.09998 in 3430 iterations for 1024 x 1024 array
time = 25.8760 seconds

+ Intel(R) Xeon(R) CPU E5620 (@2.40GHz
[conqueror@tesla-cmc sc1]$ ./j5 1024

Jacobi 1024 x 1024

JacobiHost converged in 3427 iterations to residual 0.099976
time(host) = 140.386185 seconds




T ————

CPU 6.7759 16.0250 140.3861
Single CPU thread
OpenMP 1.8580 3.7771  29.6452
(optimized)
PGl OpenACC 6.8860 8.9890 9.2995
CUDA C 3.8095 4.1140 6.5899
(optimized)




