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Concurrent Generation of Irredundant Combinational
Circuits and Minimal Test Sets

SEnT Kajyrara T and Kozo KiNosHiTa f

Since a redundant element of combinational circuits is identified as an undetectable single
stuck-at fault, some logic optimization methods using test generation have been proposed.
These methods have an advantage that an irredundant circuit and its test set are obtained
concurrently, but the size of the test set is not necessarily small. In this paper, we propose a
method that performs redundancy removal and test compaction efficiently to derive an irredun-
dant circuit and a minimal test set for a combinational circuit. In order to generate a small test
set, there is a method of removing all unnecessary test vectors from an obtained test set. Both
redundancy removal and test compaction have the same processes such as generation of test
vectors and repetition of fault simulation, but the purposes of them are different each other.
In our method, these processes are done to accomplish the different purposes, thus an irredun-
dant circuit and a minimal test set can be derived concurrently. Experimental results for
benchmark circuits show that our method could produce an irredundant circuit and a minimal
test set efficiently, and that the minimum number of test vectors for circuits with many
redundancies can be reduced by redundancy removal.
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Table1 Experimental results for benchmark circuits.

Cireuit Underlying Redundancy Test Proposed
AT 1
u test generator removal compaction method
Vectors 86 60 38 38
c 432 Coverage (%) 99.2 100 99.2 100
Time (sec) 2.3 2.4 5.0 4.9
Vectors 94 89 52 52
c 499 Coverage (%) 98.9 100 98.9 100
Time (sec) 3.3 4.8 3.7 5.2
Vectors 78 70 27 30
c 880 Coverage (%) 100 100 100 100
Time (sec) 2.8 3.0 6.8 6.8
Vectors 114 118 84 85
¢ 1355 Coverage (%) 99.5 100 99.5 100
Time (sec) 12 21 14 22
Vectors 142 150 110 106
¢ 1908 Coverage (%) 99.5 100 99.5 100
Time (sec) 9.9 21 32 33
Vectors 164 144 59 55
c 2670 Coverage (%) 95.7 100 95.7 100
Time (sec) 41 33 100 72
Vectors 196 211 116 114
¢ 3540 Coverage (%) 96.0 100 96.0 100
Time (sec) 30 109 156 187
Vectors 179 195 60 61
¢ 5315 Coverage (%) 98.9 100 98.9 100
Time (sec) 33 147 221 331
Vectors 47 33 21 22
¢ 6288 Coverage (%) 99.6 100 99.6 100
Time (sec) 247 17 56 75
Vectors 280 262 88 83
c 7552 Coverage (%) 98.1 100 98.1 100
Time (sec) 993 1617 595 1108
Vectors 317 335 112 109
s 5378 Coverage (%) 99.1 100 99.1 100
Time(sec) 42 92 182 210
Vectors 483 449 138 128
s 9234 Coverage (%) 93.5 100 93.5 100
Time (sec) 4449 2050 4493 2440
Vectors 563 615 239 178
s 13207 Coverage (%) 98.5 100 98.5 100
Time (sec) 324 5570 1576 6239
Vectors 531 520 115 108
s 15850 Coverage (%) 96.7 100 96.7 100
Time (sec) 352 3363 1658 4446
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Table2 Test size of irredundant circuits.

Original circuit Irredundant circuit
L. Redundant |Lower Generated |Lower Generated
Circuit faults bound tests bound tests
c432 4 27 27 20 28
c 499 8 52 52 50 52
c 1355 8 84 84 82 84
¢ 1908 9 99 106 90 102
c 6288 34 6 14 6 14
$ 5378 40 92 103 79 102
¢ 5315 59 37 44 24 45
¢ 2670 117 42 45 37 41
¢ 7552 131 52 80 34 55
¢ 3540 137 80 89 75 89
s 13207 151 233 235 160 165
515850 389 90 95 83 39
$9234 452 90 107 69 94
5.0 ¢ U
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