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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 violation occurs. Since counterexamples are useful for model
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 50 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|19=: B9 #MZ(model checking), &4 2IBH(property violation), U2l MM(counterexample gneration), MEfl J7t Et(state
space traversal)
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(B 1) AShE2EL, BMESEL J81T SECIAANE AN
7% NuSMV F A9 NuSMV
BUFAEE o4 ReENEL EE eSS EE RS P e it
8] A 0@ [AzdnbB | A e [AEdmm) | A HE) [ dEeop ]| A @) | asap
1 0.1 2.3 0.1 23 0.1 2.2 0.1 2.2
2 24 6.6 24 87 1.3 54 16 56
3 40.3 16.8 37.3 129 24.8 141 28.0 12.7
4 1.7 78 16 69 14 65 1.3 6.5
5 14 5.3 08 4.1 0.6 36 038 3.7
6 198.7 149 736 16.3 96.7 232 9.0 137
7 56.9 13.7 29.5 134 345 145 356 12.8
8 6,365.1 372.3 376.8 29.5 254.1 31.2 229.8 134
9 59 12.1 3.2 11.0 0.7 45 09 45
10 7.1 12.8 1.3 6.7 05 37 06 39
11 51 113 48 124 03 35 05 35
12 38.7 324 39.7 12.9 370 12.7 36.4 128
13 206.2 46 83.8 248 0.7 45 09 4.7
14 143.7 24.1 94.5 21.3 95 12.8 11.0 126
15 3,250.7 210.0 861.6 34.0 696.3 1045 695.8 276
16 14.4 13.0 13.8 13.0 47 12.3 52 124
17 3487.7 210.7 984.1 62.2 459.8 99.1 4338 246
18 711.8 59.1 486.1 76.6 64.7 14.7 578 14.0
19 2934.2 139.6 2491.3 313.0 1,166.5 107.6 2,2745 1057
20 7,516.6 342.0 852.3 376 591.7 99.9 546.1 22.7
21 3,626.0 1329 1,6100 89.2 423.2 106.3 4432 446
22 1,122.8 473 3540 372 942.4 1669 879.8 4.0
23 1,777.0 103.3 145.6 176 66.9 141 61.6 132
24 614.8 60.2 5816 55.7 2532 42.9 2388 15.7
25 410.3 43.1 114.7 22.6 187 131 21.1 124
26 33.3 135 31.6 13.1 9.9 135 10.9 12.7
27 36.0 138 189 13.0 175 12.8 19.0 134
28 356.2 395 255.0 40.1 299 12.2 32.1 116
29 10.8 12.8 86 123 52 125 6.2 12.6
30 © © 11,636.0 387.1 47779 3336 4,786.9 170.
31 662.3 62.7 4432 70.6 333 137 34.9 2133
32 1,523.1 72.9 11406 119.0 34.7 135 36.4 13.0
33 © co 4,299.9 3749 564.7 536 537.1 161
34 © © 0 o 1,387.4 2845 1,366.1 125
35 0 © 1,294.7 133.6 2181 62.9 226.1 12.8
36 o0 o 13,673.7 301.5 2780 54.2 2835 132
37 654.1 91.6 500.5 63.1 36.8 13.2 378 132
38 596.7 345 2315 186 384 204 418 925
39 191.3 473 162.1 343 15.7 12.8 171 132
40 © 0 6,930.0 7589 17.3 138 183 132
41 1757 82.9 78.3 132 42.3 146 39.9 92.5
42 1,260.0 67.9 752.2 826 1755 32.2 1788 13.2
43 1639.1 129.7 480.0 299 583.2 166.9 595.2 925
44 1,322.8 1319 1,116.2 116.1 1156 164 119.2 132
45 187.7 32.6 92.3 194 9.6 12.3 115 12.3
46 2374 389 180.3 32.2 51.8 134 509 12.8
47 35.2 259 19.4 133 41 104 49 105
48 1,980.6 8346.7 736.1 69.1 114.3 20.3 105.8 135
49 © 0 12,213.8 76873 2,060.9 238.2 2,066.0 142.2
50 © o0 o 0 0 o 10,449.8 144.2




BE ANZOAM XY B0 CHSE S X01 iyl MM 87
CE 2) M| 37tef Ciokst 2 iy
FAH NuSMV kg kst
L& NuSMV BUTEEL AT E L | HAF S G E L | FHTUS GG S FRFTAA
sper) 23R AR | JEOAIAGHGFEA | Sfur] AT G W #e A3

g AZHR)  [dRIMB)| AHZ) | WEIMB)| AIZHZ) [HARMB)| AzHZR) |[HEIMBY| AlZHER) | WEE(VB)
1 0.1 2.3 0.1 2.2 0.1 2.0 0.1 2.0 0.1 20
2 2.4 6.6 1.6 56 1.2 6.2 1.8 6.3 12 6.2
3 40.3 16.8 28.0 12.7 78 11.8 12.0 13.0 7.8 11.8
4 1.7 78 1.8 6.5 0.2 2.8 0.3 3.0 0.2 2.8
5 14 53 0.8 37 0.3 3.1 05 3.3 0.3 31
6 198.7 149 9.0 13.7 40.6 16.1 174 12.3 174 12.3
7 56.9 13.7 356 12.8 9.9 124 41 12.6 41 12.6
8 6,365.1 372.3 229.8 134 1729 28.3 190.2 2718 172.9 28.3
9 5.9 12.1 0.9 45 2.0 89 0.7 44 0.7 44
10 71 12.8 06 39 09 55 0.7 43 0.6 39
11 5.1 11.3 05 35 2.2 99 04 34 04 34
12 83.7 324 364 12.8 2.5 10.8 37 10.8 25 10.8
13 206.2 446 0.9 47 210.6 46.7 1.0 5.0 09 47
14 1437 24.1 11.0 12.6 83.0 215 16.2 12.7 11.0 12.6
15 3,250.7 210.0 695.8 216 172.3 334 1515 18.4 1515 184
16 144 13.0 5.2 124 6.7 12.6 58 12.7 5.2 124
17 3481.7 210.7 433.8 24.6 3582 67.5 194.3 20.3 194.3 20.3
18 711.8 59.1 57.8 14.0 4295 76.2 90.0 13.1 57.8 14.0
19 2934.2 139.6 2,2745 105.7 521.3 1104 243.4 44.2 2434 442
20 7516.6 342.0 546.1 2.7 2714 37.3 319.4 23.8 546.1 2.7
21 3,626.0 1329 443.2 446 528.3 106.2 57.0 16.2 570 16.2
22 1,122.8 473 879.8 440 236.3 434 331.2 224 331.2 204
1,7770 103.3 61.6 13.2 76.8 20.1 30.8 133 30.8 13.3
614.83 60.2 238.8 157 3356 61.9 2165 184 2388 15.7
5 410.3 431 21.1 124 78.1 226 10.1 125 10.1 12.5
26 333 135 109 12.7 16.0 13.0 10.1 125 10.1 12.5
27 36.0 138 19.0 134 7.2 125 8.0 124 8.0 124
28 356.2 395 32.1 116 222.9 40.9 474 13.2 32.1 116
29 10.8 12.8 6.2 126 46 12.7 41 11.8 41 11.8
30 © 0 47869 170.2 2,992.9 3377 126.6 212 126.6 21.2
31 662.3 62.7 349 133 4230 72.1 485 13.2 349 13.3
32 1,523.1 729 364 13.0 1,068.2 125.1 482 135 364 13.0
33 00 00 537.1 151 3,803.7 378.3 966.6 236 537.1 15.1
3 00 o 1,360.1 162.3 o0 00 141.0 217 141.0 0.0
35 0 © 226.1 316 736.6 139.9 46.0 14.0 46.0 00
36 © © 2835 142 136.6 24.6 1366 24.6 136.6 24.6
37 654.1 91.6 378 13.1 580.5 81.6 394 133 378 13.1
B 596.7 345 41.8 151 41 12.9 2.6 104 26 104
39 191.3 47.3 17.1 125 1644 39.1 6.4 12.3 6.4 12.3
40 0 0 18.3 12.8 0 0 21.2 13.6 18.3 12.8
41 175.7 829 399 13.2 364 134 5.2 12.8 54.2 12.8
42 1,260.0 679 178.8 13.2 583.4 6.5 2452 15.3 178.8 13.2
43 1,639.1 129.7 595.2 925 208.0 63.5 24.0 13.1 240 13.1
1,322.8 1319 1192 13.2 00 00 208.1 146 119.2 13.2
5 187.7 326 115 12.3 170.8 32.2 136 13.2 115 12.3
46 2374 389 5.9 12.8 182.3 39.2 36.1 12.9 36.1 12.9
47 352 259 49 105 135 131 45 11.8 49 105
48 1,980.6 846.7 1058 135 616.4 70.3 164.8 144 105.8 135
49 00 0 2,066.0 142.2 0 0 171.2 29.3 171.2 0.0
50 0 o0 10,449.8 1442 00 00 17,9485 293.3 10,449.8 144.2
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