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Abstract: It isahot research topic to eliminate irrelevant variables from counterexample, to make it easier to be
understood. BFL (brute force lifting) algorithm is the most effective one among all the existing approaches, but its
time overhead is very large due to one call to SAT (boolean satisfiability problem) solver per candidate variable to
be eliminated. So a faster algorithm based on refutation analysis and incremental SAT is proposed. The
counterexample minimization problem is first translated into a set of SAT instances for each free variable v, to
determine if v can prevent the counterexample. Then refutation analysis on those UNSAT (unsatisfiable) instancesis
performed, to extract the set of variables that lead to refutation. All variables that don’t belong to this set can be
eliminated directly as irrelevant variables. At the same time, the incremental SAT approach is employed to share
conflict clauses between similar instances, such that the overlapped state space can be prevented from being
searched repeatedly. Theoretical analysis and experimental result show that this approach run much faster than BFL
algorithm, and with minor lost in reduction rate.
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6. while (Q.not_empty())
7. cs=Q.pop()
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Tablel Experimental results
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BFL of Ref.[1] Our algorithm
Number Number
- Number Length of Number of ) Number of )
Circuit§  of of free | Reduction ) ) Reduction | Run
h of clause| counterexample : irrelevant Runtime | irrelevant h Speedup
variables| variables variables rate (%) variables | e (%) | time
s1512 | 14858 | 39735 21 667 606 90.85 39.85 606 90.85 345 | 11.55
s1423 | 16565 | 44248 24 483 400 82.81 292.65 397 82.19 7.12 | 41.10
s3271 | 21769 | 59 656 15 507 432 85.21 70.16 432 85.21 6.11 | 11.48
s3384 | 19452 | 50353 13 743 615 82.77 126.1 615 82.77 961 | 13.12
s3330 | 6935 | 17322 6 373 295 79.08 19.69 295 79.08 177 | 1112
s5378 | 16180 | 42 415 10 530 416 78.49 133.27 411 77.55 821 | 16.23
$9234 | 18291 | 49555 7 362 226 62.43 75.37 226 62.43 | 10.36 | 7.28
s13207|107 079 | 284 839 22 1352 1109 82.03 | >20000" 1093 80.84 [153.92| >100
$38584| 237 756 | 661 828 14 1621 1069 65.95 >20 000 1069 65.95 |[682.19| >10
$38417| 211 653 | 576 324 14 2029 980 48.29 >20 000 981 48.35 |947.84| >10
+s13207,38584  s38417 BFL 20 000
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