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Abstract

This paper presents new testability measure based on learning, which can be useful in the deterministic process of test
pattern generation algorithms. This testability measure uses the structural information that are obtained by learning. The
proposed testability measure searches for test pattern that can early detect the conflict in case of the hardest decision
problems. On the other hand, in case of the easiest decision problem, it searches for test pattern that likely results in the
least conflict. The proposed testability measure reduces CPU time to generate test pattern that accomplishes the same fault

81

coverage as that of the distance-based measure.
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a8 1. a=12%E 2| Implications
Fig. 1. Implications from a = 1.
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0: uncontrolling state output
1: controlling state output
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Fig. 8. Controllability of signal line i.
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learn_calculate_testability_measure()
{
for every signal 1 in levelized order
{
asign_value(i,0)
implication()
analyze_result(i)
asign_value(i,1)
implication()
analyze_result(i)
}
}

analyze_result(i)
{
vi = value of signal i
f = gate with ouiput signal 1 and input signals ki, ke, km
tr = type of gate f
g = gate with output signal j
tg = type of gate g
v; = value of signal j
for every signal j with value of j#X and with j=i
{
if( v;=1 and (t;=AND or t,=NOR ) or
v;i=0 and (t;=OR or t;=NAND ) or
te=XOR or t;=XNOR) then

|

{
if (no direct path from signal j to i exist) then
{
save_implication(j=%; — i=%i)
Cv(i)=min{C.(D)+1, Cy(j)}
}
}
}
if(t=XOR or t==NAND or t=XNOR) then
{
W=7
}
else
{
W=V
}
if( vi=1 and (t=AND or t=NOR ) or
vi=0 and (t=OR or t=NAND ) or
t=XOR or t=XNOR) then
{
new=max{Cw(k1), Cw(k‘z), vy Cwlkm)}+1
Coi)=min{Cv{i), new}
}
else
{
new=min{Cw(k1), Cw(k2), ... , Cwlkm)}+1
Ceoli)=min{C¢(i), new}

}

)

a3 9 kol 7|ukst E|AE 20[F MT AN LD2|EF
Fig. 9. Algorithm for calculating learning-based testability
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E 1. 45 240 ol8& 3z X TF=FE

Table 1. The circuits and their structural information used
for performance analysis.

c5315 178 123 207 5350
6288 32 32 2416 7744
7562 207 108 312 7550
51238 32 32 508 1355
s1423 91 79 657 1515
s5378 214 . 213 2719 4551
s9234.1 247 20 5597 6927
s13207.1 700 90 7951 R15
s15850.1 611 684 9772 11725
s38417 1664 1742 22179 31180
s38684.1 1464 1730 19253 36303

=
vy

2. 71F2) 2ol ofsh HAb ME ot DY HAEE

Table 2. The number of test patterns and fault coverage
in the previous method.

c1908 170 1879 7 3 99.468
3540 215 3428 137 0 96,004
5315 17 5350 59 0 98897
6288 % T4 k2 2 95%
T562 %7 750 7 98150
S1238 193 135% 6 3 94.908
s1423 % 1515 14 1 99,010
5378 21 451 ") 0 9,121
92341 1 6927 404 43 93475
s13071 | 57 9815 142 9 9,462
sl | 5% 1725 380 9 9%6.682
317 | 1233 31180 161 4 99471
el | 8% 3303 1482 % %82

A F Utk
T 7HA el ofgt vinE ¥ 6o 2 HEE&

AAL HE A A WA HAFAT 1Y HEE

FEEoAe diEe 2ot 398 2% AEes ¢

B3 il 2 Y 327} JERg 548 B 5

At 3 Az HollME AP Al B5E I
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Table 3. The number of backiracks and CPU execution Table 5. The number of backiracks and CPU execution
time for test pattern generation in the previous time for test pattern generation in the proposed
method. method.

1908 % 1.767 0667 2.800 c1908 27 1.300 0683 2317
€3540 140 2867 1.883 5983 3540 256 3117 1.967 6333
5315 & 3533 1733 6.133 5315 112 3300 1.900 6.067
6288 63 1.750 1767 4383 6288 RY) 1033 183 3717
7552 1184 25B.567 4367 31817 7552 1103 19650 4333 25783
s1238 145 1217 0483 2133 s1238 158 1150 0500 2083
s1423 % 0.450 0.267 1.000 s1423 14 0.350 0333 0.950
5378 40 4467 3217 8733 5378 40 3767 3533 8383
s234.1 1044 63933 19.900 87183 $9234.1 1303 58450 éO.S33 82833
s13207.1 280 80567 45083 132.567 132071 23 65.950 44233 117583
s15850.1 505 %967 54683 161717 s15850.1 508 71200 53.467 138233
38417 201 1151.750 241483 1406950 38417 %54 967933 238,150 1219.167
385841 1816 496.733 216550 920,150 385841 2040 434033 214267 856.833

T 4 FokE wof ofst HAL miEl o A HEE E 6 7|=9 wEn Mok gkl i

Table 4. The number of test patterns and fault coverage Table 6. Comparison of performance between the previous

in the proposed method. _ and the proposed methods.

c1908 172 1879 7 2 99521 c1908 99.468 9521 +0.053 | 2800 2317 1725
3540 227 3428 129 8 96.004 ¢3540 96.004 96.004 5983 6.333 -5.8
c5315 188 5350 59 3 98.841 c5315 98897 98.841 -0.056 6.133 6.067 1.08
c65283 3B 744 34 0 99.561 6288 99535 99.561 +0.026 4383 377 152
7552 307 760 73 60 98.238 €752 98.159 98238 +0079 | 31817 25783 1897
sIZ38 195 1355 67 2 94.908 $1238 94.908 94908 2133 2.083 234
s1423 93 1515 14 0 99.076 s1423 99.010 99.076 +0.066 1.000 0.950 5
s5378 308 451 40 0 99.121 s5378 9.121 99.121 8733 8383 401
s9234.1 526 6927 3382 70 93475 s234.1 93475 93475 87.183 82833 49
s13207.1 582 B15 142 9 98,462 s13207.1 | 98462 98462 132567 | 117583 11.3
s15860.1 566 11725 330 9 96.682 s15850.1 | 96682 96.682 161.717 | 138233 1452
s33417 1271 31180 1% 9 99471 s38417 93471 99471 1405950 | 1219167 1329
s38684.1 209 36303 1479 27 9$5.852 s33584.1 | 9%B.852 95.852 920150 | 836.833 6.88
T Stk HEolzte A= 3Tt %_14 2 soldd . &, Ego] Yol 5o 2 Ave 2719 wd
= B7HE A8 Y AZE A3 Zasn ' HES QUE ] dEcldn ¥ £ ok A4d
A IAE 2 Ade AN pardest problemo]l  WEe) 47t tha EMEE B & Qe olne ™
TARGS W, ) @ Akl BEPe wekskn zer #4¢ ANE AAYS IS Il A
£ 2 oY JAAVE FRARAES RAFE & 1001322 F7HAF]W aborted faultd] F= £
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