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Compiler Optimization Techniques in
a Compiler-directed Software DSM for OpenMP

SHIGEHISA SATOH®® and MITSUHISA SATO®00

In this paper, we present compiler optimization techniques in Omni/CSDSM, a compiler-
directed software distributed shared memory system for OpenMP. Omni/CSDSM enables
transparent execution of shared address space parallel programs using OpenMP API on a
PC-based SMP cluster. The OpenMP compiler analyzes flow of data across all source files
taking account of the semantics of OpenMP directives, and performs optimization to reduce
coherence overhead. We present new optimization techniques for Omni/CSDSM: procedure
cloning based on the nest level of parallel region, non-shared data detection, coherence proto-
col optimization, and alignment optimization. We also show dataflow analysis techniques that
enable compiler optimization for Omni/CSDSM, and internal program representations used
by the analyses. We implemented Omni/CSDSM on an SMP cluster comprised of Pentium
II Xeon processors and Myrinet network, and evaluated its performance using four bench-
mark programs that have different characteristics. We obtained execution from 7.9 to 30.0
times faster than serial execution using eight 4-way SMP nodes with all compiler optimization
techniques.
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Fig.1 System overview of Omni/CSDSM.
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Fig.2 The runtime system of Omni/CSDSM.
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Fig.4 Operations of the invalidation-based protocol.
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Fig.6 Representations of OpenMP directives in PFG.
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double sub(double *a,
double *b,
int n)

double s = 0.0;
#pragma omp parallel

afil=(b[i)-bl[i-1])/2.0;
tmp=fabs (a[il-b[i]);

int i;
double tmp;
#pragma omp for
for (i = 1; i <n; i++) {
alil = (b[i)-b[i-1)/2.0;
tmp = fabs(alil-b[il);
#pragma omp critical
if (tmp > 8) s = tmp;

return s;

exit parallel
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Fig.7 PFGs for a procedure with a parallel region.
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Fig.8 PFG and synchronization graph.
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Fig.9 An example of local dataflow information.
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Fig.10 Local optimization.
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main() {
init() s
#pragma parallel

solve(int n);

output () ;

solve(int n) {

int i,
for(i=0;i<n;is+) {
compute (1) 7
compute (-1) 3

}

init() {
compute (0) ;
}
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Fig.11 An OpenMP program and its call graph after
procedure cloning.
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Y=RI0T 5
main() {
int i,n; double al[N];

for (i20;i<n;i++) alil=...;
#pragma omp parallel shared(a,n)
double *b = (double *)malloc(sizeof (double)+n);
sub(a,b,n) ;
void sub(double *p, double *g, int m) {
int j; . .
} for 1j=0;j<m;j++) qljl=plil;
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main() alo:n] ##, EFH7aran
blo:n] JEdE, FSAR—re—FIHf

n #4, EHJoraL
i TS4R—k
sub() p,q,i TIMR—hk
pll #£4, EFi7OML, al]l £FIE
all JEHE, b1 LRI

012 OJ000O0OOOOOOd
Fig.12 An example of interprocedural optimization.
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Q(ipragma omp parallel

#pragma omp for /* JI-—71 bﬂ)ii:&h*/
for (i=1;i<n;i++) b[i] = ali
#pragma omp for /* NL—T2: nﬂ):—ﬁh:&& */
for (i=1;i<n;i++) alil = (b[i-11+b[i+1])/2.0;

y
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Fig. 13 PDA optimization.
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Table 1 Configuration of COMPaS II.
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Table 3 Execution times of serial and single thread
executions.
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Fig.14 Speedup of EP.
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Fig.15 Speedup of JOR.
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Fig. 16 Speedup of Laplace.
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Fig. 17 Speedup of CG.
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Table 4 Effectiveness of optimizations for each program.
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Fig. 18 Comparison of the speedup of local and full

optimization.
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Local IPA Comm,

Protocel  Alignment
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Fig.19 Speedup of different optimization levels for CG.
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