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On Identifying Don’t-Care Inputs of Test Patterns for Logic Circuits
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Abstract Given a test set for stuck-at faults, some of primary input values may be changed to opposite logic
values without losing fault coverage. One can regard such input values as don’t care(X). In this paper, we
propose a method for identifying X inputs of test vectors in a given test set. While there are many
combinations of X inputs in the test set generally, the proposed method finds one including X inputs as many
as possible, by using fault simulation and procedures similar to implication and justification of. ATPG
algorithms. Experimental results for ISCAS benchmark circuits show that approximately 66% of inputs of
un-compacted test sets could be X. Even for compacted test sets, the method found that approximately 47% of
inputs are X. Finally, we discuss how logic values are reassigned to the identified X inputs where several
applications exist to make test vectors more desirable for solving problems of SoC testing.

Key words test generation, don’t-care input, test compaction, combinational circuit, stuck-at fault
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Basic Procedure X-search(C, T)
Circuit C, Test set T
{

for each test pattern ;in T {

F=collect_essential_fault(z;); /*step 1 */
t;" = find_value(F): /* step 2 ¥/
fault_simulation(s;"); /* step 3 */

}

for each test pattern £; in T {
G=collect_undetected_fault(s;); /* step 4 */
t;” += find_value(G); /* step 5 */
fault_simulation(s;"); /* step 6 */

}

return 7" composed of ;;
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for each test pattern ¢;in T {
H=collect_undetected_fault(s;); /*step 7 */
t;"+= find_value_extended(H); /* step 8 */
fault_simulation(t;’); /* step 9 ¥/
}

return T’ composed of ¢;;
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%) EFEENTOLELTAMESICHTIRBHESE

circuits | #Pis  #tests | % X-ave % X-max % X-min| #faults #flt-ext| time(sec)
c432 36 54 49.0 100 13.9 520 3 0.03
499 41 94 20.5 100 0 750 41 0.05
c880 60 78 64.3 160 11.7 942 7 0.07
ci355 41 129 253 100 0 1566 0 0.16
1908 33 150 33.7 100 0.0 1862 17 0.32
2670 233 142 84.0 100 27.9 2630 17 0.69
3540 50 207 59.2 100 12.0 3291 42 1.71
¢5315 178 186 80.7 100 25.8 5291 34 2.04
6288 32 38 13.5 100 0 7710 16 191
¢7552 207 290 76.2 100 16.4 7419 90 5.01
s1238 32 195 62.0 100 28.1 1286 1 0.16
s1423 91 93 76.5 100 20.9 1501 29 0.12
s1494 14 166 38.1 100 7.1 1494 1 0.16
$5378 214 333 88.7 100 19.2 4563 11 2.89
59234 247 480 88.3 106 239 6475 58 7.74
s13207 | 700 586 96.0 100 33.0 9664 158 14.84
s15850 | 611 500 94.0 100 24.7 11336 77 15.71
$35932 | 1763 76 84.8 99.9 0.6 35110 16 18.44
s38417 | 1664 1243 96.7 100 24.2 31015 271 108.53
s38584 | 1464 854 96.3 100 8.3 34797 187 75.02
£ ERShETAMRES(ICHTIEBER
circuits | #Pis  #tests | %X-ave %X-max %X-min| #faults #flt-ext| time(sec)
432 36 28 46.9 66.7 8.3 520 ] 0.02
499 41 52 0.6 14.6 0.0 750 34 0.03
880 60 21 317 63.3 11.7 942 0 0.04
¢1355 41 84 0.0 24 0.0 1566 2 013
| c1908 33 106 15.8 63.6 3.0 1862 22 0.28
2670 233 45 70.1 86.3 20.6 2630 3 0.33
¢3540 50 93 49.3 76.0 26.0 3291 58 0.98
c5315 178 186 59.5 89.3 23.0 5291 3 0.81
c6288 32 14 0 0 (1] 7710 0 1.18
¢7552 207 75 52.7 82.1 10.6 7419 64 1.90
s1238 32 125 55.0 65.6 25.0 1286 0 0.10
s1423 91 24 41.1 71.4 17.6 1501 7 0.08
- s1494 14 100 25.5 57.1 0.0 1494 0 0.11
s5378 214 100 71.0 88.3 8.9 4563 5 1.13
59234 247 111 67.2 87.5 36.0 6475 35 245
s13207 | 700 235 91.6 98.4 164 9664 149 7.34
s15850 | 611 97 76.1 96.6 24.2 11336 60 4.87
s35932 | 1763 12 344 83.5 0.0 35110 345 9.03
s38417 | 1664 87 734 89.4 20.1 31015 93 13.73
s38584 | 1464 114 79.7 95.6 14.3 34797 88 15.78
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