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Abstract: With the growing scale and complexity of VLSI( Very Large Scale Integrated) chip designs, the FPGA
( Field Programmable Gate Array) detailed routing process generally meets the congestion or unroutable problems during
the FPGA implementation or prototype verification. The unsatisfiable subformulas can quickly diagnose the FPGA un-
routable root cause,and accurately localize the critical nets. In order to accelerate the FPGA routing process, we have pro-
posed a heuristic local search algorithm based on resolution refutation, to derive the unsatisfiable subformulas from the
Boolean formulas. On the typical FPGA routing benchmarks, the local search algorithm has been compared to the two opti-
mal minimum unsatisfiable subformula extraction algorithms. The experimental results show that the local search algorithm
strongly outperforms the branch-bound algorithm and the greedy generic algorithm ,and it also obtains the minimum unsati-
sfiable subformula. Furthermore, the unsatisfiable subformula plays an important role in FPGA routing,and it can improve
the efficiency of design and verification of the VLSI chips.
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i A A 2 72X unsateore
1. refuted = false
iteration =0
while ( (iteration < MAXITER) and! refuted) do
if (Unit_Clause_Propagation( ) return UNSAT) then
refuted = true

break
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else if (there exist binary clauses) then

16. No_Same_Clause( )
17. if (formula. size > MAXSIZE) then

18. Random_Remove( C)

19. Trace_Pruning( C)

20. iteration ++

21. if (refuted ==true) then

22. print “unsatisfiable”

23. unsatcore = ComputeUC ( sequence )
24. else

25. print “unresolved”

26. return unsatcore
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Benchmarks vars clas MUSes - - - - - - Per( % )
time size time size time size
fpga_routingl 10 17 4 <0.001 9 <0.001 11 <0.001 9 52.9
fpga_routing2 14 25 11 <0.001 9 <0.001 12 <0.001 9 36.0
fpga_routing3 18 33 26 0.03 9 0.02 10 <0.001 9 27.3
fpga_routing4 22 41 57 0.39 9 0.25 14 0.13 9 21.9
fpga_routing5 26 49 120 2.26 9 1.74 15 1.05 9 18.4
fpga_routing6 30 57 247 84.27 62.70 32.00 9 15.8
fpga_routing7 34 65 TO time out time out 60. 05 9 13.8
fpga_routing8 38 73 TO time out time out 106. 20 9 12.3
fpga_routingd 42 81 TO time out time out 178. 10 9 11.1
fpga_routingl0 46 89 TO time out time out 282.00 9 10. 1
fpga_routingl 1 50 97 TO time out time out 434.50 9 9.3
fpga_routingl2 54 105 TO time out time out 640. 02 9 8.6
fpga_routingl3 58 113 TO time out time out 926. 50 9 8.0
fpga_routingl4 62 121 TO time out time out 1309. 00 9 7.4
fpga_routingl5 66 129 TO time out time out 1541. 00 9 7.0
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