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Task Scheduling Strategies and Their Locality Evaluation of
Memory References on a Parallel Graph Reduction System

HIrROYUKI KITAJIMA,t MITSUHIRO NAKAIZUMI,} HONG SHEN,t
HIROAKI KOBAYASHIt and TADAO NAKAMURA'

Functional programming languages have many appealing properties such as referential
transparency and high programming productivity. On the other hand, the inefficiency of
their implementation on conventional computers has prevent them from wide acceptance.
In this paper, we propose a task scheduling strategy for high-speed processing of functional
programs on a shared-memory multiprocessor system. To reduce shared-memory accesses in
parallel graph reduction, the proposed task scheduling strategy allocates tasks to processors
by taking the locality of data references among the tasks into account dynamically. Software
simulation experiments on a multiprocessor system with the proposed strategy show that
speedups of program processing in proportion to the number of processors can be achieved
by making good use of local and cluster cache memories. As a result, the effectiveness of the
proposed scheduling strategy with locality consideration is revealed.
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Fig.1 Sample FL program of matrix multiplication.
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Fig.2 Reduction graph of the matrix multiplication
program.
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Fig.3 Multiprocessor system model.
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Fig.4 Breadth-first task scheduling.
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Fig.5 Depth-first task scheduling.
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Table2 Benchmark programs.

Number of Aver
Programs redexes parallel
A | 4queens 4099 17.369
B | Squeens 19793 65.757
C | 6queens 101693 277.850
D | 7queens 482697 1119.947
E | 8queens 2473187 4986.264
F 10x10 2562 122.000
G 20x20 18112 862.476
H 30x30 58662 2793.429
| 40x40 136212 6486.286
J 50x50 262762 12512.476
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Fig.8 Memory access counts.
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Fig.9 Speedup rates of benchmark programs.
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/* *GNSP : Global_Node_Search_Pointer */
/* *NSPn : Node_Search_Pointer_for_PEn */
/* *NPn : Node_Pointer_for_PEn */

B = v PSR TWiRWVEPLE;

/* VERIC/ R S B «/
while( !'( Root_Node D& T ) ){

/* —REEEDER—
KBy AV EEL ¥ A7 RIBEMR */
GNSP 7%, Root_Node 7 HLIEEAEMIZY T 7#HE;
if( GNSP A BIEEEFN/ — FK < WRE X

if( REEXPDO/—FHE)—7 X
NPn %) —7TH5/—FlZtv by
MfE--;
}
Yelse{ /* FXEMEERBAD/-DDHN »/
while( BEfE > 0 ){
GNSP HSEZEF D/ — FIZ, NPn k2t v };
R fE--;
}
}

/¢ —FRSEWEEDO#A -
ZPEIIHT HRSEENLZ
75 7%%FL, YAZOREBIUVER »/
for( PEn {Z2WT ){
if( ' ( PEn igfl) ) && ( NPn Aty }) ){
NSPn (2& D), NPn DT/ — F2 LRSI EE
By 7%EEL, V-7%RR;
=7 %KL, HIET 5 PEn ICAE;
}
}

if( NPn O¥8T / — FHRMEL ) MBIE++;
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