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A consideration of logical circuit debugging method
using unsatisfiability

JAESUNG LEE,™ TAKESHI MATSUMOTO?
and MASAHIRO Fujrraf2f3

Detecting errorneous behaviors in logic circuits and debugging are time-
consuming tasks in circuit designs. While there exist many debugging method-
ologies starting with counter-examples, we consider to debug circuits when the
circuits have no or few counter-examples. When a verification problem is formu-
lated as Boolean satisfiability, a variable assignment generated by SAT solvers
is a counter-example, when the formula is set to be false if the circuit behavior
is correct. On the other hand, we can formulate a verification problem so that
the Boolean formula is true if the circuit behavior is correct. In the case, we can
find hints for debugging in UNSAT cores which are subsets of caluses including
a logical conflict inside, since UNSAT cores correspond to a part of the circuit
which has a logical conflict to the verified property. In this work, we consider
to locate bugs using an intersection of multiple UNSAT cores for a property.
However, the computation to get UNSAT cores exponentially increases with
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the number of UNSAT cores. In this paper, we discuss circuit debugging with
UNSAT cores and more efficient ways to get UNSAT cores.
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Fig.3 SAT instance of circuit elements.
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Table 1 Experimental results(1).

Circuit Time # of # of # of # of gates Ratio
MCS MUS gates | in every MUS
FA bugl 3 ms 14 2 16 8 50%
FA _bug?2 4 ms 16 2 16 10 63%
FA _bug3 6 ms 27 6 16 2 13%
FA _bugl_2 8 ms 37 15 16 6 38%
FA _bugl_3 6 ms 74 8 16 0 0%
FA _bug2_3 7 ms 78 6 16 0 0%
FA_bugl_2_3 3 ms 20 6 16 2 13%
C2_bugl 9 ms 61 2 33 23 70%
C2_bug2 9 ms 34 4 33 13 39%
C4_unrolll >24 h - - 67 - -
02 0000 (2)
Table 2 Experimental results(2).
Circuit Time(ms) # of gates # of gates | Ratio
in MUS
Industryl 2121 1026200 9466 0.9%
Industry2 411 204200 917 0.4%
03 0000 (3)
Table 3 Experimental results(3).
Circuit # of # of candidates # of candidates Ratio
Bug | w/o UNSAT cores | with UNSAT cores
FA _bugl_2 2 240 180 75%
FA _bugl_3 2 240 156 63%
FA _bug2.3 2 240 182 76%
FA _bugl_ 2.3 3 3360 2041 61%
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