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Fast Automatic Data Layout for Data Parallel Programs

KEN-ICHIRO MATSUURA,T HITOSHI MURAILt KENJI SUEHIROT
and YOSHIKI SEOf

Determining optimal data layout is very important for parallelizing programs on distributed-
memory parallel computers. This paper describes a new algorithm of automatic data layout
of Fortran programs. The algorithm enables users to parallelize Fortran programs without
difficulty. It generates candidates of data layout for efficient parallelization of loops from
access patterns, selects data layout to reduce communication overheads, and determines data
layout all over the program to achieve good parallel execution performance. It can quickly
determine data layout over multiple subroutines, thus it enables interactive tuning cooper-
ating with users. It has been implemented, and evaluated by parallelizing several Fortran
benchmark programs. Execution time and scalability of the benchmarks has been close to
those of MPI alternatives.

OOD0OFortran0 0000000000000 OOO
goboboooooooboooooooboooooooon
gbooooboboooobooooooboooooooo

1. 0 Oo0Oao

gbooooooooobooooooooboooobooo

gboooooooooboooobooobooooboooboon
gooooooooocooooobooooooobon
goboooooooooobOooOooooboooooobon
oooooboooooboooooooobobooobobo
goboobooooooboboooooooooboboboo
goooooooooobooooocboooooooon
gbboooooooooooooooooooobooon
good

00000000 O0OHigh Performance Fortran N

FortranD 20 Vienna Fortran®00 00 00000
000000000000 0000Do0o0oooo

+000000000000000D00 NECOOO
Parallel and Distributed Systems NEC Laboratory,
RWCP

1420

gobooooooooooooooooooobooon
gboobooboooobooooboooooooooon
goooooboooobooboooooooooooboooD
gooboooooooboooobooooboobo
gooooooooobooobooooo
OO0O0O0OFertran0 OO0 00OO0O0O0OOOOCOOO
gooooooboooooboooooooooooon
gbooooooobooocooooooooooooon
gboooboobooooooboooboooooboboon
gboooboooobocbooboobooocOobooboobooono
gooobooooooobooooboooboooooo
gobooboboooobooobooooobooooboo
goooooooboboooooooobooboobo
goooooooooooboooooboboon



Vol. 41 No. 5

000000000000 000000000000
000000000000 000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000D00000000000000 100
000000000000000000000000
0000000000000 00000000000
000000000000 000D000000000
00D0000000000000000000000
000000000000 000D0O00000000
00000000 00000000000000000
00D000000000000000000000
000000000000000000000000
000000000000 000000000000
000000000000000000000000
0000000000000 D000D0000000
0000000000000 00000000000
0D0000000000000000000000
0000000000000 00D000000000
ooooooDo

0000000000 0000000000000
00000000000 0000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
ooooo

000000000000 D0O00000O000
0000000000000 0000000000n
0000000000000 000O0000000
NPOODOODOOOOOO0O00OO0Y0Diderichd®0
000 ®OPhilippsen ” OSheffler 0 ¥ DAndersond
00000000 00000000000000000
000000000000 000000000000
00000000000 0000000000000
0000000D0000000 5)06)00000000
00 708)09)00000000000000000
0000000000000000D000000000
0000000000000 00000000000

O00Bixby OODODOOODOOOOD 0-1000
000000000000000000'Y00000
Kennedy 00 ODOOODOYWDO0-1000000
000000000000000000000000
000000000 D000000YoDooooooo
0000000000000 D00000000000
0000000000000 00000000000

goooooooooooobooOoooooooooboo 1421

gboboooooooooboooooooooboooon
gbooooobooobobOooooooooooo
ooboboooooooboooooobobooooooon
obobo2000000000000030000A0
goooooooboooob4000000000000

2. J00OOooOoooo

2.1 000000
0000 OFortran0 0000000000000
00D0D000000000000000000000
0000000000000000000000000
(1) 0000000000000 CFGOOODO
000000 CFGOODOO0000000 CRGO
(3)0000000
(2) 00D0O000OODD0O0O0OOO0OOO0
000000000000000000000000
00000000000000000000000
00000000000000000000000
00000 (2)0000000(3)000000
ooo
(3) 0000000 O0O00O0D0000
00000000000000000000000
00000000000000000000000
0000000000(1)00000000000
000(2)000000000000000000
00000000000000000000000
000000000000
(4) 0DO0OO0OOODOOOODOOO
0000000000000 0000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
0000000000000000000000
00000000000000000000
2.2 000000000000000
0000000000000000000000
000000 CFGOOODOO0D00000000000
CFGOODOO0ODDDO0OO00O0CALLODOOOO
000000000000000000000000
00000000D000000
00000000000000000000000
000000000000000000000000
0000000000 0000000000000
0000000000000000 CFGOOO00
0000D0000000000000000000
000000000000000 CFGOOO000



1422 goooooooo May 2000

O0000oo00ooooOO0o0oooCALLOOOOO
CALLOOOOOOOOOOOOO

ooooo crGOOOOOOOODOOOOOO0O
gooboobooooooboobooooononono xoOo
oooooboo xoboooooooooooooo
goooooooooooooboooboobobooDbo
gooooooobooooooooooobobooobo
OooO0oo0ooOoooocrGoUOOOOOOoOoo
gooooooooooooooooobooooood
gooooooobooooboooooobooooog

gobooobobooooo 25000000000
goooooboooboooobooocbooooobooo
ooooobooooooooobooboboooooon
gboooooooobOooocooooboooooobooo
gooooooooboooooooooooooon
goooooooooobooboooboooooboDo
gobooooooboooboooooobooobboon
gobooobooooooooobooooobooboooboo
goboooboooobbooooobooooboooo
goooooobooboooboooooooooooo
gobooboooooboobooooboOobooooooo
goooad
CrGOOODO1000000000000O00O
oOoooooooobooboOcrGOOOOOOOOD
ooooOo0oo000ooo0 102040506 000000
O0o0030 CALLOOOOOODOOCODOOOO0
gobooobooooobooobooobooooobooboo
gooooobooooooon

23 0O000OO0OOobOOoOoOOoOoOooa

uobobOooooboooooboooboooooooo
goooboboooooooooooooooooboooo
gooboooocoooooboocoooboooooobooo
goboooooooooboooooooobooooon
gooooooooobooobooooooooboonn
gbo024000000000000000D0OO0O
gooooooooooooooooooboobooo
goooooooobooooon

gooooboooooooooooooooooo
gobooooooobooooooooooooon
gobooocoOooooooboooOoooboooobo
goobooooouooobooooOoooooobo 1o
gooooobo 1oboo0ooboooooooooooooon
gbooobOooooooooooboOooooobobooo
goobooooocobooobooooooobooooon
gooobobooooooboobooooooooon
ooooooooo

PROGRAM MAIN SUBROUTINE SUB(P,Q,R)

DO I=1,100 DO J=1,50
DO J=1,100 ®© DO I=1,100 ®
B(J,I)=C(J,1I) Q(I,J*2)=R(I,J)
END DO END DO
END DO END DO

F DO K=1, 10 DO J=1,50
s DO I=1,100 ®
DO I=1,50 ® P(I%2,0%2)=0(I,J%2)+R(I,J.
DO J=1,50 END DO
A(I*2,J%2)=D(J,I*2)+E(J,I) END DO

END DO END

CALL SUB(A,B,C) ®

DO I-1,50
DO J=1,100 @
A(I*2,J)=B(I,J)+C(I,J)
END DO
END DO
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Fig.1 Control flow graph (CFG).
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Fig.2 Alignment graph.
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