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Reconvergence Phenomena Analysis Method in Combinational Circuits Based on SAT Solver

ZHANG Lu-jie LIU Chang ZHANG Long GUO Yang

(College of Computer, National University of Defense Technology,Changsha 410073, China)
Abstract In order to study reconvergence phenomena of combinational circuits, this paper proposed an analysis method
based on SAT solver. All paths between transient pulses generation nodes and output nodes are confirmed by depth-first
search algorithm. Elements in the check-list are imposed with sensitization constraints, and elements satisfaction is
judged by Minisat. Finally, whether there are input vectors satisfying the conditions so that the transient pulse reconve-
rge at the output node through different paths or not are determined. The proposed method can analyze reconvergence
phenomena of large-scale combinational circuits effectively. EPFL and ISCAS’85 were used as test sets. The experimen-
tal results show that transient pulses generated by certain nodes,which are about half of the total nodes of the ISCAS’
85 test set,can reconverge finally. The ratio is significantly higher than that of the EPFL test set. Therefore, there is a

significant difference of the occurrence rate of reconvergence for different types of functional circuits.
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Fig. 1 And-inverter graph format of XOR gate
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Table 1 AIGER format of XOR gate
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Fig. 2 Flowchart of algorithm
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12. end if
13. else
14. Update C and sort the elements in C
15. end if
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20. end if
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Fig. 3 The first instance circuit
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Fig.4 The second instance circuit
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Table 2 Reconvergence results of EPLF and ISCAS’85 benchmarks

Number of

and node Reg/ % Sat/ % Unsat/ % Per/ % Unknow/ % Runtime/s
ctrl 174 1.15 100 0 0 0.01
int2{loat 260 3.46 100 0 3.46 0 0.01
router 257 37.74 36.08 63.92 13.62 0 39. 28
EPLF B/
F— cavle 693 5.63 12.82 87.18 0.72 0 0.08
i2c 1342 3.8 57. 89 42.11 2.20 0 0.08
arbiter 11839 0 — — — — 0.11
mem_ctrl 46836 58 22.41 62.07 13.00 15.52 7482.29
adder 1020 62 100 0 0 4.1
bar 3336 0.4 100 0 0 0.11
square 18484 98 0.2 99. 8 0.20 0 35.58
EPLF & &
B 3 squt 24618 100 90 7 3 9852, 38
multiplier 27062 96 2.08 97.92 2.00 0 230. 66
log2 32060 100 100 0 0 984. 21
hyp 214335 100 99 0 1 155. 55
c432 163 14.79 82.19 17.81 36.81 0 457.83
1908 367 75.48 61.01 38.63 46.05 0. 36 32800. 16
c499 389 74.81 73.88 26.12 55.27 0 2259.99
ISCAS’85 2670 543 52.12 62.19 37.81 32.41 0 25.07
3540 961 68.99 79. 64 20. 36 54.94 0 25711. 88
¢5315 1364 41.8 76.69 23.21 32.06 0 3822.9
7552 1613 78.1 72.98 27.02 57.00 0 2305. 83
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