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Reduction of Quadratic Equations for Data Dependence Tests

Kazuko KAMBE' and FuJio KAKOftt

A number of data dependence tests have been proposed for detecting parallelism in sequen-
tial source programs. Despite the fact that quadratic subscript expressions often appear in
real-life programs, most dependence tests restrict array subscripts to be linear functions of
loop index variables X' a;x; +c (z;: interger variables, a;, c: an integer constant). The data
dependence analyses of The Perfect Benchmarks and scientific libraries Eispack, Linpack and
Lapack have shown that quadratic expressions appear only in array references of linearized
triangular matrixes, and they can be expressed in the special form X (X —1)/2+4Y,1 <Y < X
where X and Y are linear expressions. This paper presents a technique that reduces such
a quadratic equation to two linear equations. This improves accuracy and efficiency of data
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dependence analyses.
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DO J=1N
IK=0
DOK =1,
JK=1J + K
KK =1IK + K
A[JK] = ...
... = A[KK
IK =1IK + K
ENDDO
U=1J+1J
ENDDO

00000000000 00o0000 JKO KKO
obobooooOoOoobooooobOOoooooboooo



822 goooooooo

DO J=1N
DOK =1,
A[J*J-J+2%K) /2] = ..
. =A[K*K +K) /2]
ENDDO
ENDDO
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(52 —j+2k)/2 = (K + k)/2,
1<j<n, 1<k<j 1<k<j
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Table 1 Programes with quadratic subscript expressions.
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Perfect — 0
Benchmarks
Eispack 76 2
Linpack 40 6
Lapack 1292 33
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Table 2 Frequency of quadratic subscript expressions.
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Eispack 26 9 10
Linpack | 80 17 17
Lapack 553 187 234
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Fig.1 Linearizing triangular matrix.
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Fig.3 Example (1).
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Fig.5 Example (3).
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