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Element-Sensitive Pointer Analysis for
Automatic Parallelization

MasayosHI Masg,! Yura Murata, ! Ker Kimuraf!
and HIRONORI KASAHARAT!

As multicore processors become widely used, there is an increasing need to
achieve automatic parallelization of sequential programs written in C language

by a compiler. However, traditional pointer analysis techniques are often insuffi-
cient in automatically extracting parallelism even when target scientific and me-
dia applications have large amount of inherent parallelism in their algorithms.
For example, a compiler cannot analyze data dependencies for a data structure
implemented by a pointer to pointer variable and memory allocation loops, even
though the data structure can be essentially realized by a multiple dimensional
array in an algorithm. For these data structures, traditional pointer analysis
techniques aggregate information for each element in an array of pointer into
information for the whole array, hamper automatic parallelization. This paper
proposes element-sensitive pointer analysis, which can distinguish the alias re-
lation among elements in an array of pointer. The proposed element-sensitive
pointer analysis can acqire a sensitivity beneficial for automatic parallelization
through just adding simple information to conventional pointer analyses. When
there is no overlap among objects pointed-to by different array elements of the
array of pointers, the pointed data structure can be treated as same as multi-
ple dimensional array in parallelism extraction. The element-sensitive pointer
analysis algorithm is described as well as its application method for automatic
parallelization is shown. As the result, on IBM p5 550Q 8 cores server, au-
tomatic parallelization achieves 5.50x speedup against sequential execution on
average for 4 application programs with element-sensitive pointer analysis.
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}
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Fig.1 Program example that conventional pointer analysis does not distinguish.
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Fig.2 Example of program and points-to set.
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Fig.3 Lattice of element alias attribute.
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return gen;
end
04 genOOOO element alias 0000000000
Fig.4 Algorithm of calculating element alias attribute on gen.
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Fig.5 Example of applying element-sensitive pointer analysis without cycle-sensitive analysis.
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Fig.6 Example of applying element-sensitive pointer analysis with aging.
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Fig.7 Dependence analysis results in iteration space using pointer analysis.
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Fig.8 Automatic parallelization results of OSCAR Compiler on IBM p5 550Q.
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