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An Efficient Method for Verifying Designs with Black Boxes
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Abstract In the VLSI design cycle, in order to detect and debug the errors in early stages or to
verify the functional correctness hierarchically, black boxing verification methods are often used.
In this paper, an efficient method integrating logic simulation and Boolean satisfiability (SAT) is
presented, which can verify the designs with black boxes. This method uses quantified conjunc-
tive normal form (CNF) formulas to represent the unknown constraints in the circuit under verifi-
cation, and needs no modification of the circuit structure so that it saves the computational re-
sources significantly. In addition, this approach enhances the SAT-based algorithm with random
parallel pattern simulation, which improves the capability of detecting errors. Experimental re-
sults on the ISCAS’85 benchmark circuits demonstrate that, the proposed approach is faster up

to one to three orders of magnitude than those approaches in literature.
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Verify_ SAT (spec.impl, Z)

{

$=Make CNF(spec) ;
Append- CNF($. TFO(Z))
Miter CNF($.,spec,impl) ;
Quantify($,.2);
result=SAT_ Solve($) ;
return(result) ;

}
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BB_ Verify(spec,impl, Z)

{

result=TRUE;

Ran— XSimulate(spec.impl,Z.n) ;
//FFATE BB 0 F R 1 BE AL 18] L

for each primary output

{

result=Match(X-response,Correct response) ;
// P LI 5 52 BB A
if(result==FALSE)

return(result) ;
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result=Verify  SAT(spec,impl,2) ;
return(result) ;
}
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0 1 2 3 4 0 1 2 3 4
C432 0.01 0.02 0.03 0.07 0. 06 0.93 52.54 69. 30 68. 50 64. 80
C499 0.02 0.05 0. 05 0. 05 0. 06 2.25 49.70 193. 40 275.10 261.70
C880 0. 04 0. 26 0. 25 0.21 0. 36 0. 40 0.52 0.58 0.53 5.34
C1355 0.05 0.11 0. 35 0. 29 0. 24 3.88 5.43 12.70 11.64 9.14
C1908 0.08 0. 45 0.31 0. 26 0.19 1.21 1.55 1.83 2.42 1.53
C2670 0.10 0.31 0.19 0. 20 0.23 0. 87 1.52 1. 46 1.42 1. 44
C3540 0.23 3.23 20. 00 18. 50 3.79 — — — — —
C5315 0.32 0.70 0. 81 0. 34 0. 34 1.62 2.73 2.94 2.91 3. 31
C6288 0.22 0. 38 0. 44 0. 46 0.43 0. 64 2.13 3513 2115 2615
C7552 0.15 0.59 0.61 0. 61 0. 54 3. 60 13. 41 6.76 5. 30 5. 60
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AL

0 1 2 3 4 0 1 2 3 4
C432 0.72 1. 20 1. 24 1. 28 1. 38 5.15 15.53 17. 33 17. 29 18.13
C499 0.76 1.18 1.22 1. 26 1.56 3.53 6.65 15. 60 15.53 16. 24
C880 0. 82 1.38 2.40 1.54 1.68 3.12 3.28 3. 36 3.37 5.37
C1355 0. 88 4. 60 3. 10 3. 10 4,18 3. 89 5.35 7.21 6.56 6. 66
C1908 1.04 4,82 5. 00 4. 64 4. 10 3.87 6.42 4. 64 4.69 5.94
C2670 2.20 3.56 5.42 4.52 5. 36 4.92 5.33 5.36 5.39 5.45
C3540 1. 80 8. 80 10.70 6.94 7.52 — — — — —
C5315 6.78 9.70 7.96 8. 40 8.98 6.62 7.34 7.37 7.41 7.45
C6288 1.78 9. 06 10. 60 11. 90 11.50 5.93 6.16 20.29 19. 34 21.31
C7552 5.78 14.10 17. 80 14. 50 12.50 8.70 23.65 23.95 9. 87 9.90
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comp 100 17 0. 89 0.03 10 0.73 0.31
C432 100 94 0.69 0.07 100 0. 54 2.27
C499 50 48 0. 80 0.16 50 0. 82 524. 66
C1355 50 85 0.76 0.21 50 0.74 1146. 88
dalu 100 33 0. 94 0.67 10 0.92 15.19
terml 100 55 0.79 0.07 50 0. 81 1.97
C880 50 14 0.78 0.15 — — —
C1908 50 87 0.75 0.23 — — —
C2670 50 25 0.78 0. 25 — — —
C3540 50 112 0. 84 0.68 — — —
C5315 50 41 0. 85 0.67 — — —
C6288 50 25 0.72 10. 25 — — —
C7552 50 55 0.76 1.15 — — —
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