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Efficient Counterexample Generation for Safety Violation in
Model Checking

Tae-hoon Lee’ - Gi-hwon Kwon'

ABSTRACT

Given a model and a property, model checking determines whether the model satisfies the property. In case the model does not satisfy the

property, model checking gives a counterexample which explains where the viclation occurs. Since counterexamples are useful for mode!

debugging as well as model understanding, counterexample generation is one of the indispensable components in the model checking tool. This

paper presents efficient counterexample generation techniques when a safety property is falsified. These techniques are used to solve Push Push

games which consist of 30 games. As a result, all the games are solved with the proposed techniques. However, with the original NuSMV, 42

games are solved but 8 failed. In addition, we obtain 86% time improvement and 62% space improvement compared to the original NuSMV in

solving the game,

7= 29 A= (mode! checking). &4 $itt(property violation),
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1 0.1 2.3 0.1 23 0.1 2.2 0.1 2.2
2 24 6.6 24 8.7 1.3 54 16 56
3 40.3 16.8 37.3 12.9 248 141 280 12.7
4 1.7 73 1.6 6.9 14 6.5 1.8 0.5
5 14 5.3 0.8 41 06 36 0.8 3.7
6 198.7 149 73.6 16.3 96.7 23.2 .0 13.7
7 56.9 13.7 29.5 134 3.5 145 306 12.8
3 6,365.1 372.3 376.8 29.5 254.1 31.2 229.8 134
9 59 12.1 32 110 0.7 45 0.9 45
10 7.1 12.8 1.3 6.7 0.5 3.7 0.6 39
11 5.1 11.3 4.8 124 0.3 35 (.5 35
12 837 324 387 129 37.0 12.7 364 128
13 206.2 446 838 24.8 0.7 4.5 0.9 47
14 1437 241 945 213 95 12.8 11.0 12.6
15 3,250.7 210.0 361.6 340 596.3 1045 6595.8 276
16 144 13.0 138 130 47 12.3 5.2 124
17 34877 2107 9%4.1 62.2 4508 91 4338 245
18 7118 59.1 486.1 76.6 64.7 14.7 H7.8 14.0
19 2934.2 139.6 24913 313.0 1,1665 107.6 22745 105.7
20 1516.6 3420 352.3 376 3917 599 6.1 22.7
21 3626.0 132.9 1610.0 89.2 423.2 106.3 443.2 446
22 1,122.8 47.3 3540 37.2 9424 166.9 3798 440
23 1,777.0 103.3 1456 17.6 66.9 14.1 61.6 13.2
24 611.8 60.2 L6 5.7 253.2 42.9 238.8 15.7
25 410.3 43.1 i14.7 226 18.7 131 21.1 124
26 333 135 316 13.1 9.9 135 10.9 127
27 36.0 13.8 139 13.0 175 12.8 19.0 134
28 356.2 395 255.0 40.1 249 12.2 32.1 11.6
29 10.8 12.8 8.6 123 3.2 125 6.2 12.6
30 00 oo 116360 3871 47779 3336 4,786.9 170.
31 662.3 62.7 443.2 0.6 3.3 13.7 349 2133
32 1,523.1 729 1,1406 118.0 34.7 135 36.4 13.0
33 o o0 4,2999 3744 2647 53.6 537.1 15.1
3 o0 00 o0 o5 1,387.4 2845 1,366.1 12.5
35 o0 00 1,294.7 133.6 218.1 62.9 226.1 12.8
36 o oo 136737 015 2780 5.2 2335 13.2
37 694.1 91.6 5005 63.1 36.3 13.2 378 13.2
3 o9, 7 H5 231.5 186 384 204 41.8 92.5
39 191.3 413 162.1 343 157 12.8 171 132
40 o0 o 6,930.0 753.9 173 13.8 183 13.2
41 175.7 829 78.3 13.2 2.3 14.6 39.9 925
42 1,260.0 679 152.2 326 1755 32.2 1788 132
43 1,639.1 129.7 480.0 299 o832 1669 595.2 92.5
44 1,322.8 131.9 1,116.2 116.1 115.6 16.4 119.2 13.2
45 187.7 32.6 92.3 19.4 9.6 123 115 123
46 2374 389 180.3 322 51.8 134 50.9 12.8
47 .2 259 19.4 13.3 4.1 104 49 10.5
44 1,980.6 846.7 736.1 (9.1 114.3 20.3 100.8 13.5
49 00 00 12,2138 873 20609 238.2 2,006.0 142.2
50 00 00 00 o @ o0 10,449.8 144.2
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1 0.1 2.3 0.1 22 0.1 2.0 0.1 20 0.1 20
2 2.4 6.6 1.6 56 1.2 0.2 1.8 6.3 1.2 6.2
3 40.3 16.3 280 12.7 78 118 120 130 78 11.8
4 1.7 73 18 65 0.2 28 03 3.0 0.2 28
) 1.4 5.3 0.8 3.7 0.3 31 05 3.3 03 3.1
6 1987 149 N0 13.7 40.6 16.1 174 12.3 174 12.3
7 5%.9 137 356 12.8 39 12.4 4.1 126 41 12.6
8 6,365.1 3723 2298 134 1729 28.3 190.2 278 1729 28.3
9 59 12.1 0.9 45 2.0 89 0.7 44 0.7 44
10 71 12.8 0.6 39 09 55 0.7 43 06 39
11 0.1 11.3 05 35 22 99 04 34 (4 3.4
12 8.7 32.4 364 12.8 25 10.8 3.7 10.8 25 108
13 206.2 446 09 47 2106 46.7 1.0 50 09 47
14 1437 24.1 11.0 12.6 3.0 215 16.2 127 11.0 12.6
15 3207 2100 6%.8 276 172.3 334 1515 184 151.5 184
16 14.4 13.0 9.2 124 6.7 12.6 53 12.7 52 124
17 34877 2107 4338 246 358.2 67.5 194.3 203 194.3 20.3
18 711.8 59.1 578 14.0 4295 76.2 0.0 13.1 578 14.0
19 2934.2 1396 22745 105.7 021.3 1104 243.4 4472 243.4 442
20 7516.6 3420 546.1 22.7 2714 37.3 319.4 238 546.1 22.7
21 3626.0 1329 4432 44.6 523.3 106.2 21.0 16.2 570 162
22 1,122.8 47.3 879.8 4.0 230.3 434 331.2 22.4 331.2 22.4
23 1,777.0 103.3 61.6 13.2 76.8 20.1 30.8 13.3 30.8 13.3
24 614.8 60.2 2388 157 33H6 61.9 216.5 184 238.8 15.7
25 410.3 43.1 211 124 781 226 10.1 125 10.1 125
26 333 135 109 12.7 16.0 13.0 10.1 125 10.1 12.5
27 36.0 13.8 19.0 134 7.2 125 8.0 124 3.0 12.4
23 35%.2 3095 321 116 2229 409 474 132 32.1 116
29 108 12.8 6.2 126 46 12.7 4.1 11.8 41 11.8
30 ] 00 47869 170.2 29929 3377 126.6 212 126.6 212
31 002.3 62.7 349 13.3 423.0 72.1 185 132 349 13.3
32 15231 72.9 36.4 130 1,068.2 125.1 482 135 36.4 13.0
33 oo 0 537.1 151 3803.7 3783.3 906.5 23.6 5371 15.1
34 0 o0 1,366.1 162.3 oo ©0 141.0 207 141.0 0.0
35 00 o0 226.1 316 7366 1399 46.0) 14.0 46.0 0.0
36 00 o0 2835 14.2 1366 24.6 1366 24.6 136.6 24.6
37 6541 916 378 13.1 5805 81.6 394 133 37.8 131
38 596.7 345 418 15.1 41 129 26 10.4 2.6 10.4
39 191.3 473 17.1 125 1644 391 6.4 12.3 6.4 12.3
40 0 0 18.3 12.8 o 0 212 136 18.3 12.8
41 1757 829 389 13.2 34 134 4.2 12.8 54.2 12.3
42 1,260.0 679 178.8 132 5834 4.5 2452 15.3 178.8 132
43 1,639.1 129.7 9962 92.5 2080 63.5 24.0 13.1 240 13.1
44 1,322.8 131.9 119.2 132 0 0 208.1 146 119.2 132
45 1877 326 11.5 12.3 170.8 32.2 136 132 115 12.3
46 2314 389 509 128 182.3 39.2 36.1 129 36.1 129
47 35.2 229 49 105 135 13.1 45 11.8 49 105
48 1,9%0.6 46.7 1068 135 6164 70.3 164.6 144 105.8 135
49 o0 0o 2,006.0 1422 o« o 171.2 20.3 171.2 0.0
5 o0 00 10449.8 1442 0 o0 179485 23,3 10,4498 144.2
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