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Automatic Parallelization of Parallelizable C Programs
on Multicore Processors

MasAaYosHI Masg, ™! Kenr KiMurat!
and HIRONORI KASAHARAT!

This paper proposes Parallelizable C, a guideline for writing C programs
which enables automatic parallelization by a compiler. 6 sequential programs
written in Parallelizable C from numerical and multimedia application domains
are automatically parallelized by OSCAR compiler. The parallel processing per-
formance for these applications are evaluated on multicore systems. The evalu-
ation results show that the compiler automatic parallelization achieves average
5.54 times speedup on a 8 cores server IBM p5 550Q with 4 dual-core Power5+
processors, average 2.43 times speedup on a 4 cores multicore processor PC with
Intel Core i7 920, and average 2.78 times speedup on Renesas/Hitachi/Waseda
RP2 with SH-4A cores in SMP execution mode using 4 cores compared with
sequential execution, respectively.
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for( t = 1; t <= param.nTimeSteps; t++ ) {

LBM_performStreamCollide( *srcGrid, *dstGrid ); /* 00000 =%/
LBM_swapGrids( &srcGrid, &dstGrid ); /# srcGrid O dstGrid 00 O000000D00O0 */

}
(a) DO0DOODDOO
flg = 0;
for( t = 1; t <= param.nTimeSteps; t++ ) {
if (flg % 2)
LBM_performStreamCollide( *dstGrid, *srcGrid ); /+* 00000 =/
else

LBM_performStreamCollide( *srcGrid, *dstGrid ); /+* 00000 */
flg++;

(b) Parallelizable C 000

01 lbmOD0O00O00O0O0O0O0OO0O0OOO0ODOOO
Fig.1 Removing pointer update inside a Loop in lbm
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static void main_serial_loop() {
mx = CreatePlan7Matrix(1, hmm->M, 25, 0); /% P7Viterbi() JJ U000 00O0OO malloc */
for (idx = 0; idx < nsample; idx++)

{

score = P7Viterbi(..., mx); /* 00000 =*/

}
static float P7Viterbi(char *dsq, int L, struct plan7_s xhmm, struct dpmatrix_s *mx) {
ResizePlan7Matrix(mx, ...); /* JO0O0O0 realloc O OODODOO =/
... /x score OO0 */
return score;
}
(a) DODODOODODO
static void main_serial_loop() {
for (idx = 0; idx < nsample; idx++)

{
score = P7Viterbi(...); /* O0OOOO */

s
}
static float P7Viterbi(char *dsq, int L, struct plan7_s xhmm) {
struct dpmatrix_s *mx;
mx = AllocPlan7Matrix(...); /* 0000000000000 0O0O malloc */
... /x score OO0 */
FreePlan7Matrix(mx); /* OO0 0000000000000 free */
return score;

(b) Parallelizable C 000
02 hmmer 000000000000O0OODO

Fig.2 Removing buffer reuse in hmmer
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01 0O00o
Table 1 Evaluation environment

System IBM p5 550Q Intel Core i7 920 Renesas/Hitachi/Waseda RP2
Power5+ Nehalem SH-4A
CPU (1.5GHz x 2 x 4) (2.66GHz x 4) (600MHz X 4)
L1 D-Cache 32KB for 1 core 32KB for 1 core 16KB for 1 core

L1 I-Cache 64KB for 1 core 32KB for 1 core 16KB for 1 core
L2 cache 1.9MB for 2 cores 256KB for 1 core
L3 cache 36MB for 2 cores 8MB for 4 cores
Native IBM XL C/C++ Intel C/C++ SH C Compiler
Compiler for AIX Compiler V10.1 Compiler verion 11.0 + OSCAR API Parser
Compile OSCAR: -O5 -gsmp=noauto OSCAR: -fast -openmp
Option Native: -O5 -gsmp=auto Native: -fast -parallel
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Fig.3 Automatic parallelization results for OSCAR Compiler on IBM p5 550Q
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Fig.6 The structure of the main loop in hmmer
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Fig.7 Data localization on the main loop in hmmer
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