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Design and Implementation of the Loop Restructuring Feature

for the Parallelizing Compiler, MIRAI

Hirofumi NOBUHARA*, Masaaki MINEO*, Tetsutaro UEHARA' |, Shoichi SAITO*, and Y oshitoshi KUNIEDA*

Abstract—When loopsin sequential programswritten in procedural programming languages are parallelized,
automatic parallelizing compilers should perform data dependence analysis in order to preserve constraints by
data reference order. Although loops with dependences as determined by a dependence analyzer cannot be
parallelized as-is, in general, some can be par allelized after applying appropriateloop restructuring optimizations.
This paper deals with the design and implementation of the loop restructuring feature of our automatic
parallelizing compiler, MIRAI. And also it showsthe evaluation results of several pilot studies by hand-compiling

some test programs.
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Loop peeling

(
)
Loop
peeling
. Loop fusion
S|.ze of one |, PEs Execution time (sec)
dimension Before After
1 0.85 0.62
2 0.55 0.39
1024 4 0.35 0.25
8 0.17 0.12
1 3.39 2.47
2 2.04 1.48
2048 4 1.19 0.86
8 0.63 0.47
1 13.69 9.93
2 9.54 7.88
4096 4 6.28 5.07
8 3.12 2.36

The execution environment is shownin Table .
The number of assign statementsin the pair of loops before loop fusion are

two and one respectively.
. Loop fusion

# of assign # of Execution time (sec)

statements PEs Before After
2 satements 1 1.33 0.73
N 2 0.85 0.46
3 statements 4 0.57 0.31
8 0.27 0.14
1 1.46 0.78
10 Sta“fme”ts 2 0.93 0.50
4 0.59 0.29

5 statements

8 0.29 0.16
1 1.57 0.90
10 Statfme”ts 2 0.99 0.57
10 statements 4 0.65 0.37
8 0.32 0.18

The execution environment isshown in Table .
The size of each arraysis 1024 x 1024 and each element is an integer.

(INTEGER*4[1024, 1024]:1024 )
16
Access pattern and Execution
data-partitioning pattern time (sec)
Both row-wise 0.286
Column-wise and row-wise, 83.009
respectively
Same as above, with transpose 1.861
before/after loop '

The execution environment isshownin Table .

0230

Loop interchange

MIRAI
#of arrays # of Execution time (sec)
PEs Before After

1 1.01 0.0895

1 2 224.25 0.0449

4 186.95 0.0225

8 69.70 0.0113

1 2.50 0.1190

5 2 843.50 0.0665

4 428.23 0.0300

8 225.96 0.0151

1 3.89 0.1511

3 2 1022.8 0.1030

4 659.30 0.0378

8 364.04 0.0192

The execution environment isshown in Table .
The size of each arraysis 1024 x 1024 and each element is an integer.
Each execution time of “after” isincluding the one for transpose.
Each element of each array is added by onein the target loop.

( )
MIRAI Loop
interchange
Loop interchange
Loop
interchange MIRAI
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MIRAI Loop distribution
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Strip mining
MIRAI

Scalar expansion[8]

Strip mining
( )
Strip mining
Strip mining
Loop tiling
Loop tiling Strip mining
. Strip mining
Execution time (sec)
# of PEs 1 2 4 8
Before 0.180 - - -
After 0.238 0.140 0.060 0.030

The execution environment isshown in Table .
The size of each arraysis 1024 x 1024 and each element is an integer.
In the loop body, each element is multiplied and divided by 5, repeatedly
five times.
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