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Abstract: This paper extends the famous data reuse theory to a parallel domain and proposes parallel data reuse
theories for OpenMP and OpenTM applications, respectively. Through studying the relationships between threads
and transactions, the parallel data reuse theories systemically discuss how to classify, judge, and compute reuses in
parallel programs. Meanwhile, the optimization framework for reducing OpenTM transactions rolled b\ck& studied.
Finally, the data reuses in SPEComp2001 benchmarks are analyzed. The parallel data reuse theoies can bé used to
direct the analysis of parallel applications and the research of compiler optimization techniques on multi-core
shared memory architecture. \ \ \ v
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Fig.4 Four sub-loops from parallelizing matrix vectorsmultiplication
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Table 1 Reuse categories in iteration- distinguisheq par‘lle data feuse theory
*1 %?%ﬂﬁﬁﬁﬁiﬁﬁ?}iﬁ%%%’é

Self-Temporal \Self-tpatlal Group-Temporal Group-Spatial
Intra-Iteration RstLa RssMLa RerNLar RgsMLa
Inter-Iteration ., Rst—Lai Rss—La Ret—Lai Res—Lai

)
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I, B 1) (1, 1) THE S R R P B, SR R R A L I, T 1] OpenMP R H 1R AT Bs S T B E M 0 0 3
KA aize e N T . 2l RE ) A R & 26 FE F M X — 4 40 KR 5 R AT 300 T 3R v (9 49 2R IE A8 45
12 BN EH.

Table 2 Parallel data reuse regarding processor relationship
R 2 HBIEAPLAR AR M IFAT S ]

Self-Temporal | Self-Spatial | Group-Temporal | Group-Spatial

Intra-Processor Similar to serial data reuse on a single-core platform

Inter-Processor self-temporal+ Inter-Processor group-temporal+
false sharing false sharing

Inter-Processor True sharing True sharing

#pragma omp parallel for default (none)\
private(iy,i,) shared(a,b,c)\
schedule(static)

for (1,=0; i;<4; i;++)

for (i2=0; i2<4; ir++) {
cli]+=ali][i2]*b[i2];

\
(a) A matrix vector multiplication program in OpenMP (b) Iteration scheduling on threads
(a) %EK?WE%%?%}?KJ*/I\ OpenMP Ji A< (b) £eFE LI
\ Y L Fig.5 A hybrid-thread reuse
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#H U\&J%ﬂ(ﬁﬁaﬁiﬁ’] i 5 77 3,.OpenMP %%mu%ﬁ%ﬁ@ static,dynamic,guided Fl runtime %5 4 Fjiff f&
i chunk 244, chunk E’Jﬁ{}%iET%AQ%E, A BE )35 E Dynamic Fl guided J& T~ 3) A JE A 20, JE Fe n) 5
TELTE 2 (A E’Jﬁ?x?ﬂ%ﬁzﬂi‘fn B R, To vk Tl o i A 90 H175 3. Runtime 77 300 A2 71247 IR 45 R 40 1)
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#pragma omp parallel for default (none)\
private(iy,i,) shared(a,b,c)\
schedule(static,1)

for (1,=0; i;<8; i;++)

for (i,=0; i2<4; ir++) {
cli]+=ali][i2]*b[i>];
)

(a) Matrix vector multiplication program (b) Iteration scheduling on threads

(a) F e I i e e e (b) &R ERISIIMIE \ \

Fig.6 Matrix vector multiplication program in static and chunk=1 mode'
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Oy T2 B2 1 E R (U R0 T 1 K FE B8 8.6 T PP T i S sb I AT 18 1 1 1
BRAS B R p 0 T 8 4 e AE e P T 24 ELAY % [Iszmod p=q.
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#pragma omp parallel for default (none)\ \ \
private(iy,i,) shared(a,b,c)\ 3 ER) - AT TR -
schedule(static,2) Lo SN

for (1;=0; i;<8; i;++)

for (12=0; i2<4; ix++) { |

c[i;I+=a[i][i]*b[i-];
} 0 >
I
(a) Matrix vector multiplication program \ \ ’ (b) Iteration scheduling on threads
(a) FHEFF B FRIERRT (b) ZeFe Rk AR I

Fig.7 Matri)% veetor multiplication program in static and chunk=1 mode
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NS HFR R EACHE R FE B 7 38, 5] LU static,dynamic,guided 8%, runtime; 55 2 4N 2 H2 26 FE b B A 24X
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(a) Matrix vector multiplication program (b) Iteration scheduling on iterations and threads
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Table 3 Data reuse in SPEComp2001 benchmarks
% 3 SPEComp2001 HEAERRFE 7o ¥ 9147 $cdfs 1 )
Benchmark Remarks Language OMP loop Intra-Iteration Inter-Iteration
nests Num. | reuse loops Num. | reuse loops Num.
312.swim_m Shallow water modeling Fortran 8 8 7
314.mgrid m Multi-Grid solver in 3D potential field Fortran 12 11 6
Finite element simulation;
320.equake_m earthquake modeling c 1 10 8
Solves problems regarding
324.apsi_m temperature, wind, velocity and Fortran 28 17 \16\
distribution of pollutants .-
330.art m Neura}l network simulation; C 5 3 > 4
- adaptive resonance theory
‘ -
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#pragma omp transfor\ #pragma omp transfor\
schedule(static,8,1) schedule(static,8,1)
for (11=0; i1<Ny; i;++) for (i,=0; i»<Ny; ir++) \
for (i,=0; 12<Na; ir++) { for (11=0; iy<N; i1++) { * \ -
afi]++; afix]++; \ -
} } . \ 3 il
Fig.10 An OpenTM loop nest for optimization Fig.11 Ope T]\)\loop nest optimized
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