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A Practical Test for Array Data Dependence Analysis
Based on Simplex Method

MASAAKI MINEO, ™ TETSUTARO UEHARA,™ SHOICHI SAITO"3
and YOSHITOSHI KUNIEDA4

Data dependence analysis is essential for automatic parallelizing compilers. Compilers de-
termine the possibility of parallelization on given source programs by using the result from
data dependence analysis. Several dependence analysis tests on array data have already been
proposed. Each test cannot avoid the trade-off between its analysis speed and exactness of
analysis. Among conventional tests, Omega test is well known as an exact test for the broader
class of index expressions ever. However, the algorithm of Omega test is so complicated that
its analysis is very time consuming and it is difficult to implement Omega test. Therefore, in
this paper a new original analysis method is proposed, whose algorithm is based and combined
both Simplex method for linear programming and exhaustive solution search method. This
algorithm also includes the features of GCD test, Banerjee test, and Separability test. The
algorithm, implementation details of prototype and its evaluation applying to the concrete
test programs are also described.
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A(i+1) = B(@) + C(@1) S1 A(2*%42) = B(i) + C(i) :S1
C@) = A@l) + B() :S2 C) = A(3*) + B(@i) :S2
end do end do
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Fig.1 Program example 1.
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Fig.3 Flow of Laputa Test.
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Fig.4 Example problem.
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Table 2 Timing result of a test problem.

No. | Laputa[ms] | Omega[ms]

(1) 101 0.006 1.670
GCDh OOoo 102 0.007 2.018
goooo 103 0.006 2.058
104 0.006 4.002

105 0.006 1.719

201 0.028 1.509

202 0.026 3.052

203 0.030 1.618

(2) 204 0.034 3.969
ooo 205 0.030 4.738
gooo 206 0.030 7.137
207 0.044 1.691

208 0.046 1.731

209 0.052 2.063

210 0.050 1.986

211 0.049 2.440

301 0.030 5.642

302 0.031 9.474

303 0.034 3.089

304 0.051 6.632

(3) 305 0.034 17.851
ooo 306 0.035 19.743
goooo 307 0.037 23.324
308 0.037 19.234

309 0.039 3.738

310 0.035 2.458

311 0.057 2.534

312 0.061 12.613

313 0.066 49.800

401 0.138 2.155

(4) 402 0.288 7.614
oooooooo 403 0.187 2.495
goooo 404 0.138 4.086
405 0.179 2.513

501 0.192 8.239

502 0.191 3.976

(5) 503 0.172 13.684
ooooooo 504 0.203 56.789
oooo 505 0.165 38.834
506 0.510 5.358

507 0.185 14.840

601 0.459 10.446

602 0.410 23.452

(6) 603 0.904 23.644
ooo 604 724.120 16.266
oooo 605 0.484 28.638
606 50.215 48.411

607 0.552 5.646

608 0.509 7.468

701 0.295 2.291

(7) 702 1.199 2.453
ooo 703 0.389 2.127
oooo 704 2.339 2.712
705 42.630 3.130

706 441.087 33.509
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Table 3 Timing result of a real program.

Laputa | Omega
oo ooo
(ms] | [ms]
oo 8,156 - -
(1)D(4) 7,594 - -
Linpack (5) 550 0.182 7.189
(6) 0 - -
(7) 12 0.182 1.896
oo 19,459 - -
(1)D(4) 19,330 - -
Perfect (5) 129 0.277 16.797
Benchmark (6) 0 - -
(7) 0 - -
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