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Implementation and Evaluation of Nested Parallelism in OpenMP

Yosnizuoml TANAKA,! KENJIRO TAURA! and AKINORI YONEZAWA(

This paper describes an implementation scheme for efficient execution in dynamically-nested
parallel regions in OpenMP. Our technique realizes low-cost dynamic load balancing based
on Lazy Task Creation. OpenMP is an API for parallelizing sequential programs in For-
tran or C/C++ on shared-memory multiprocessor machines. Programmers can parallelize
their programs by annotating them with OpenMP parallelization directives. One of the most
effective ways to enjoy a large amount of parallelism is to expose nested parallelism. The
number of available parallel “logical tasks” grows exponentially if we extract parallelism in
all nest levels. Thus, we would suffer from a large overhead in a naive implementation which
straightforwardly maps a logical task to an OS-level thread. Since the OpenMP specification
does not specify how parallel tasks are scheduled on multiprocessors, most of existent im-
plementations fail to extract nested parallelism. This paper first explains problems in naive
schemes for implementing nested parallelism and then gives a criterion to judge whether or
not workload is distributed among processors effectively. Next we show our implementation
that accomplishes efficient task scheduling even in the presence of dynamically-nested parallel
regions. Our system utilizes a StackThreads/MP library, which supports fine-grain threads
based on Lazy Task Creation. Since the library enables us to create a large number of threads
with very small overhead, good performance can be obtained if we create a thread every time
a logical task is created in nested parallel regions. Experimental results showed that (1) the
overhead of dynamic load balancing was small (about 5% of whole execution time), and (2) we
achieved high scalability even in programs calling parallel regions recursively. So we confirmed
less performance fail by implementing nested parallelism in Open MP and we can implement
very easily by using library like StackThreads/MP.
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#pragma omp parallel for
for (1 = 0; i < n; i++) {
work(i);
}

B 1 for v—7 DLk
Fig. 1 Parallelization of a for-loop.
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#pragma omp parallel for
for (1 = 0; i < n; i++) {
#pragma omp parallel for
for (j = 0; j < n; j++) {
work(i,j);
}

}
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Fig. 2 Parallelization of nested for-loops.
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#pragma omp parallel {
printf("hello");

3

B3 WHHtaf [parallel] Ol

Fig. 3 Example of “parallel” construct.

#pragma omp parallel
#pragma omp sections {
#pragma omp section
worki();
#pragma omp section
work2();
}

B4 fldeAif- [sections] O#
Fig. 4 Example of work sharing construct “sections”.

#pragma omp parallel
#pragma omp for schedule(static,3)
for (i = 0; i < m; i++)
A[il = B[i] + 1;
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Fig. 5 Example of work sharing construct “for”.
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All threads are working.
So No.3 executes sequential.

---}.-.No.4 and No.5 finish work.
But cannot steal work of No.3.

e MWHMLHURTICEBL 22k SIT0IT 5 ik
Fig. 6 A naive scheme to distribute tasks only at
parallelization directives.
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Fig. 7 A scheme to expose all parallelism. (A master
thread cannot steal a new task.)
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ST_THREAD_CREATE(f (X, ...))
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Fig. 8 Stack management at ST_.THREAD_CREATE.
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Fig. 9 Stack management at st_suspend.
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Fig. 10 Stack management for load balancing.
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#pragma omp parallel for schedule(dynamic,3)
for (i = 0; i < N; i++)
work(i);

K11 OpenMP O for L—7
Fig. 11 for loop in OpenMP.
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void for_loop(int 1b,int ub,int ch) {

if (ub-1b <= ch) {

for (i = ub; i < ub; i++)
work(i);

} else {
int m = (lb+ub)/2;
ST_THREAD_CREATE (for_loop(lb,m,ch));
for_loop(m,ub,ch);
/x WTEHLEE (A8) */;

13

B 12 LK) for V-7
Fig. 12 for loop after translation.
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int A[NI[NI, BIN][N], CIN][N]
#pragma omp parallel for private(i)
for (1 = 0; 1 < N; i++)
#pragma omp parallel for private(j, k)
for (j = 0; j < N; j++)
for (k = 0; k < N; k++)
CLil[3] += A[il[k] * B[kI[jl;
H 13 {iHoMINoTIs 74
Fig. 13 Code of Matrix Product.
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void QuickSort(int *A, int a, int b) {
int p; /* pivot index */
/* divide two portiom by p */
omp_set_num_threads(2);
#pragma omp parallel sections
{
#pragma omp section
QuickSort(A, a, p-1);
#pragma omp section
QuickSort(A, p, b);

Bi14 s74vrv—toTas I A
Fig. 14 Code of Quick Sort.
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Fig. 15 Elapsed time for Matrix Product.
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