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Accelerator Directives for Automated Temporal Blocking of
Out-of-Core Stencil Computation

NoOBUHIRO Miki! FumiHIKO INO! KENICHI HAGIHARA®

Abstract: In this paper, we propose an extension of OpenACC directives and its translator capable of au-
tomatically applying temporal blocking to out-of-core stencil computation. The proposed translator takes
an OpenACC-like C program and some execution parameters as inputs to generate an OpenACC program
optimized with data decomposition, pipelined execution, and temporal blocking. In experiments, where
the effective performance and performance portability are analyzed, we apply our translator to the Jacobi
method, Himeno benchmark, and constrained interpolation profile (CIP) scheme.

Keywords: OpenACC, out-of-core stencil computation, temporal blocking

1. Ogoo

gogbogopoboobooboobooboboobboo
gobgooboobooboboobuooboobboob
gobooboobooboboobuoobooboboob
gobooboobooboboobooboobboob
gobbooosopobboooobbuoobboooon
goooboooobbboooooobbooogon
gobooboobbooboobooboobboob

! QOoO0000000000000000000D000000
Department of Computer Science, Graduate School of Infor-
mation Science and Technology, Osaka University

© 2016 Information Processing Society of Japan

godoobooooboboooboooooooooooa
goooobooooobooobooooboooooooa
goooobooooboooooboooooooooooa
00000000o0oo0oo0ooooonnO GPU Graphics
Processing UnitO [1] 0 0000000000000 0O0O
oooooooao
doodoooooooboooooooobooooo
godoooooobobooooboooboooooooa
OOONVIDIAOO GpPUOODODOOOOOODODOOOO
0000000000 CUDADO Compute Unified Device
Architecture0[1] 0 0000CUDADOODOOOODOOO



gogoooooood
IPSJ SIG Technical Report

coboobooooooooooooooboooooooo
cobobobooooooooooooooboOooooooo
coobooooooboooboooooooooboooo
cobobobooooooooboooooooooobooooo
ooobooooooooboooboooo
gobooooooboooobooooooooooogon
oooooooooboi1boboooooocoooobooooo
0000000000000000penACCOODOOOOO
000000000000000000 OpenACCOODO
cobobobooooooooboooOoooboOooooooo
00000000000000O0O0penACCOOOODOO
cobobooooooooooooooooOooooooo
tooooooooooooOooooobOoboooooan
cooooooooooboooo
O000000000000000 PACCO Pipelined
ACCerelatord 2] D0 OO DOOPACCOODOOOOOOO
PACCOOODODOOOOOOODOOODOOODOOODO
cooooooooocoooboooooobooobooooo
0000 OpenACCOOOODOOOOOPACCODOODO
toboooobooboobooooboOoocooobooboooa
cooboboooooocoobooOooooboooooooo
cooboooooooobooooboooo
gobooooobooooooooooooooooo
0000 cpUOGPUDDOOOOOODOOOOODOOOOO
cooboooooooooboooooooOooooooo
00000000000 PpPACCOODOOOOOOOOOO
cooooooooocOooboooOoooOobocOooobooooo
000 OpenACCOOOOOOOOOOOOOOOOOO
cooocobooooooooooboocobOoOobooobooOoo
coooOooooooooooooooOobocOoobooooo
coooOoooooooobooOoooooOooobooooo
coooocooooocooooooooOoboOooobooooo
cooooooooocooobooooooOobocoobooooo
cobobooooooocooooooooOobocOoobooooo
cooobooooooooooooooboboooobooooo
coooboooooocoobooooooOoboooobooooo
coooooooocoobooooooooo

e JOOOOODOCOOOOOOOOLODOOOODOOO

e JO0OOOOOOOODOCOODODOOO

e DOOOOOOOODODOC CPUOGPUDOODOODOOO

oooon

ubobOoooboboz2000000000O00000030
0000000000000 000400 OpenACCOO
coboobooOooooooocoobooboOooboosonooaon
coboOoboooooooooobooOobeboOoOoOOon
ooooooovooooboocooooa

© 2016 Information Processing Society of Japan

Vol.2016-HPC-155 No.13
2016/8/8

2. 0000

0 000 O Domain Specific Languageld DSLO O 0O O
goobooooboboooboboobobooooo
000000 Physis [3]000000Physis0000 DSL
gooboboooobobuobouobobbooboa
MPI+CUDADOODOODODODODOODOODOODOODOO
00000000000 40Physis000000O0O00
oooooo DbSsLOonooooooooooooooog
gddddoooooooooooobobobobobobo

oooooMPI+CUDADOODOOODOOOODOOOOO
0000O000000bO0bOob00oOnog Hybrid Hierar-
chical Runtimed HHRTO 5] 000000 Physis 000 O
00000000000000000 [6JDHHRTOOO
godddooooooooooobobobobbooooood
godddddoooooooooooooooooo

XecalableACC[7 000D 0000000DOOOOO
O0000000 XcalableMP[8] O OpenACC OO OO
000000000 00O0000dXcealableACCOOO
godddooooooooobobobobobobbooooood
goddddoooooooobobobobobobooooood
0000000 OXcalableACC O O XcalableMP 00 00O
goddddoooooobobobobbobobooooood
godddooooooooobobobobobobooooood
gdddoooooooogad

Joooooooooobboboodooooooo
0000000000 Qo000oo000ooooooo
opoosSsboooooooooooooooooooog
goododdodogooooooo

3. DbOooouaboo

gogobobobbbooooooobobobbbooooa
gogbooboboboboooboobuooboooboon
gogboobobobobuoobooboooobooboon
goboboooobbboooobbboooooo
ggboogopoboobooon

3.1 JOOoobooobobooboooo
Ui1gooboboooooooboobobobobobo
OpenMP OO0 OpenACCOOODOOODOOOODODOOO
gobooooobbboooobboboobooooon
0000000000000 00000000 OpenACC
000000000000 OpenACCOODODODOOOO
gogbooooboobobooboo

3.2 JOOODOOOO
gobooboobboooboobbooboboooboo



gogoooooood
IPSJ SIG Technical Report

Vol.2016-HPC-155 No.13
2016/8/8

OpenACCKT G s
#pragma tpacc ... hSUAL—4 | #pragma acc .. EN2A ! *#pragma tpacc init
5 1‘§or(n.){ — bin 2
7"\*’ BEFEFL5T )openAcc P AT 2T GPUR 3 #pragma tpacc pipeline targetinout (work,a) size
ig EFI7AL ([0:X1[0:Y]) halo([1:1]1[1:1]) async
T 4 for(n=0;n<nn;n++){
fo‘:’(ag)"{‘“““‘ > bin 5 #pragma tpacc loop dim(2)
.). A\ U 6 for (x=1;x<X-1;x++)
£ OpenACC A>aAF7GPUM T
EFTFAI 7 #pragma tpacc loop dim(1)
8 for (y=1;y<Y-1;y++)
sy
for (L) { »! bin 9 work [x] [yl = (alx-1]1[y] + alx+1][y] + alx
}
Openiip T ILFATFCPURIF 1ly-11 + alx]ly+11)/4.0;
RITIT7AIL 10
11 #pragma tpacc loop dim(2)
01 000o00oO00000000000D0O0DAO 12 for (x=1;x<X-1;x++)
Fig. 1 Directive-based programming flow. 13 #pragma tpacc loop dim(1)
14 for (y=1;y<Y-1;y++)
15 alx][y]l = work[x]1l[yl;
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Fig. 2 An example program with proposed directives.

ooobooooboooooooooboooooog
0oo0ob0O00d000asyncO0O0O0O0O0OO

e loopOOOOOOOOOOODOOOOOOOO
oooooboooooon fordoboooboOonOd
loopOOO0OOO0OOM0701101300M

4. OpenACCOOOOOODOOODOODO

gboogoboo

coooboboooboboooooobOoooooood
oobooooobooooooocoooooOooboOooo
gobooooooooooboooooooOooboooo
obooocoooocooooo
e JO0O0ODOO1IOOCOOOOODOODOOOOOOO
ocbooooooooooooo smoooooona

Uob000000000004nit000Opipelined
OO0 loopU 0000000 200000000000
0000000000000000000OpenACCODO
ooooooooob ferddoboo0oOooonooOonon
coooboboooooocoobooooooboboooooooo
coooogo

e initO0O00O00OOO0O0OO0OOO0ODOOCOOOO

ogooooooooooooobooooboobooooooo
O000000000C04init0000000000O0
ooooooooooOooooooooooOo1oom
U00000init 000 Opipeline 000 OO loop
ogooooooooooooooooo

e pipelineJUIIIUOOOODODOOO forOD40 000

OO00OOpipeline0 0000000300 pipeline
000 Otargetinout 0 Otargetin 0 Osize [ [halo
U000 async0 00000 targetinout U0 00O
ob0o0oO0o0O0o00ooOO0O000oO0O000oO000on
U000000000Otargetin0 000000 size
ocooooooooOoooOoOoOoOOoOOOoOooo
oo000000o0o0O0O0O0b000 XxYyOoooooo
O0O0000000000000size([0:X]1[0:Y])
O000OhaloO00O0OO0ODOOCOOOOODOCOOOO

© 2016 Information Processing Society of Japan

XxYxzOOOOOOOOOO0OOOOd0ODODOO

ooboooboooobobcOooboobocdogoe-0000
O00b=(X-2r)/d000O0O0O0O0O0bBXY xZ0OO
ocoooOoO0OrROO0OOCOOOzO0000O00O0O0O0C
cooooboboodooolbooooooooogad
OooooOoocO0oO0o00O k000000000000
OO00rkO00000000C0DOO0O0O0FOODOOOO
ooobOoooooocoOoOoocOoOoboOooOooooa
ooooooooooboobo c0oC0OO0COO0OD0OO0OOa
OO0000000000 rkxYxZO0O0O0O0O00O0O0O
coooOooobooOooboooOooboooooooa
000 2rkExY xZOOOOOOOOOOOO0Oo001
O000000000000000 (b+2hk)xY xZ
cobooooooocoobocoooog

cooobooooobooboobooboooocooooo
totoooooooooobooooooooooooo



gogoooooood
IPSJ SIG Technical Report

03 100000000

1-D block decomposition scheme.

Fig. 3
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buf_a[0] 0 buf_alnum_stream-1]10 O O buf_work[0] 0
buf_work [num_stream-1]10 0O 0O 0O O 0O 0O 0O O O
#pragma acc create (buf_a [0O:num_stream][0:(b+2*xhx*

k)*Yl, ...)

n+=k) { /», 0000000 D00ODO
c++) { /000000000

for (n=0; n<N;
for (c=0; c<d;
O0000si000; // 0 <= si < num_stream
al0Obuf_alsilO 0O 00O OOOOO;
#pragma acc update device (buf_a [si:1][0:(Db
+2*xh*k)*Y], ...) async (si)

for (i=0; i<k; i++) { /,/ 000000 O0D00ODO
#pragma acc kernels present (buf_al[si:1][0:(
b+2*h*k)*Y], ...) async(si)
{
offset = hx(i+1);
xsize = b+2xhx*x(k-1-i);
#pragma acc loop independent

for (x=offset; x<offset+xsize; x++)

#pragma acc loop independent

for (y=1; y<¥-1; y++)
buf _work[si] [x*Y+y] = buf_alsil][(x-1)%*

Y+y]l + buf_alsil] [(x+1)*Y+y] +0 O

O

buf_a[si] = buf_work[sil;

#pragma acc update host (buf_a [si:1][0:b+2xhx*
k], ...) async (si)
buf_alsi]O0 0 a0 00000000 ;

04 0000000000 OOOOOO OpenACCOO
Fig. 4 An OpenACC-based implementation of out-of-core

stencil computation.
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Fig. 5 An overview of the proposed translator.
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Table 2 Experimental environment.

od ogd

CPU Intel Xeon E5-2680v2
goooo 512 GB
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Table 1 Experimental test codes.
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Fig. 6 Effective performance with different execution parame-

ters.
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Table 3 Comparison of effective performance in GFLOPS.

gooogoo goooog goooooooo
oooo 32.2 28.5
00 BMT 47.5 37.5
CIP O 83.9 73.4
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Table 4 Comparison of test code lengths in lines.
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