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Implementation of a Parallel Recursive Program
Based on Dynamic Division of Processor Groups

KANROU OOYAMA,T YASUHARU MIZUTANI,t NORIYUKI FuJIMOTOf
and KENICHI HAGIHARAT

Many parallel compilers which can deal with parallel recursion adopt the manager-worker
method for dynamic load balancing. In this method, as the number of processors increases,
worker management by managers might become performance bottleneck. In this paper, we
propose the Processor group Dividing method (PD method) as a scalable execution method
of parallel recursion. In the PD method, processor management load is distributed to each
group. The PD method reduces the load by decreasing the number of communications for pro-
cessor management. Moreover, the PD method uses data-parallelism in a recursive function.
We present experimental results that the PD method yields high performance.
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Fig.1 An example of recursive calls.
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Fig.2 Concept of the manager/worker method.
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Fig.3 Waiting time of a worker for manager’s response.
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Fig.4 Dynamic load balancing by the PD method.
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Fig.5 An example of a recursive function.
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Fig.6 Assignment of processor groups to a recursion

tree.
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Fig.7 Completion reports and processor supply.
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Fig.9 Non-leader’s algorithm on a vertex v.
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Fig.8 Leader’s algorithm on a vertex v.
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recursive void quicksort(int A[], int n) 00000W—]55 e 0o
in: A, n; /x 0000 */ oooooMm oooo
out: A; /* 0000 */ c
. C e " 0oow Y
cond: n>4096; /+ 0OO0O0O %/ P
weight: n; /+ 00000000 */

{
int i, j, p, t, topl[2], size[2];
if (n<=1) return;
else {
p=A[(n-1)/2]; 1i=0; j=n-1;
while (i<=j) {
while (A[i]<p) i++;
while (A[jI>p) j--;
if (i<=j) {
t=A[i]; A[il=A[j]; A[jl=t;
it+; j—=;
¥
}
top[0]=i; size[0]=n-i;
top[1]1=0; size[1l=j+1;
par x=0 to 1 do /* 00000000 =/
quicksort (&A[top[x]], sizel[x]);
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Fig.10 A parallel recursive program in Work-Time C.
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Fig.11 Assignment of a task to a processor in the MW

method by Work-Time C.
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Table 1 Parallelization conditions for each granularity.
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Fig.12 Comparison of PD and MW on n-queen problem

(granularity A).
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Fig.13 Comparison of PD and MW on quicksort
(granularity A).
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(granularity B).
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Fig. 16 Performance of n-queen problem by MW (m = 6)
and PD.
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Fig.18 Performance of FFT by MW and PD.
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Fig.19 Execution of FFT by the PD method.
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