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Optimization and Debugging method Based on Input and Type

Selection of a Gate

MASAHIRO Fusital®  AMIR MASOUD GHAREHBAGHI?'P)

Abstract: Here we discuss the following problem: Given a combinational circuit, a specification which is not
equivalent to the circuit, and an internal gate in the circuit, make the circuit equivalent to the specification by
changing the inputs and type of the gate. This is a basic problme for logic debugging and also can be used for
layout-oriented logic minimization and optimization of LUT (Look up Table) based circuits, as appropriate
inputs to the gate can be automatically searched. While there have been proposed techniques which only
change the types of gates and search inputs of gates with very limited ways, the proposed method can search
a cost effective set of inputs to the gate out of all internal signals and primary inputs in the circuit. The
proposed method reduces the problem into SAT and set-covering problems, and we show experimentally that
circuits having thousands of gates can be processed.

Keywords: Logic optimization, Logic debugging, Circuit restructuring, Fan-in selection
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x 2 ITCY9 N F < — 2[NS 2 TR (1 DOBIHND & TORNHEZHE)
AR AN T—hA | #ERL | RO R )] inl,in2 £ F7R | Y — P A KL HFEAT
W I J1E >100 [ | %K M R (%) | KEECEY [BREYE | BCEE BoE IGRENES
b03 28 7.9 2.3 0 133 280 48 10.3 0.7 3.5 12.6 0.8
b04 65 12.4 2.0 1 126 650 19 11.6 1.8 3.5 13.0 2.1
b05 55 11.8 2.1 0 40 550 14.3 1.5 3.8 14.8 1.6
b06 6 4.0 2.8 0 0 60 5.0 0.1 2.8 5.0 0.1
b07 45 22.5 2.4 2 72 450 16 26.2 11.7 4.5 27.5 13.9
b08 21 7.0 2.0 0 36 210 16 7.7 0.1 3.1 8.6 0.2
b09 20 13.5 2.4 0 9 200 5 16.9 0.4 4.4 17.3 0.4
b10 17 9.4 2.6 0 57 170 34 7.9 0.2 3.9 8.2 0.2
b1l 30 13.3 2.3 0 58 300 19 15.0 4.6 3.9 17.0 5.2
b12 116 14.0 2.3 46 368 1160 32 13.9 6.1 4.0 16.5 8.2
b13 46 7.0 2.1 0 115 460 25 7.2 0.1 3.1 7.9 0.2
SEY 40.8 11.2 2.3 4.5 92.2  408.2 23 12.4 2.5 3.7 13.5 3.0
& 3 ITC99 NV F < — 7 I T 2 FEREIR (2 DOFIHNO & TORNHEZEH)
AEB ANBA TP A | RBEL figd  SEER el inl,in2 4 FEGEE | = FA BEEUE KRET
W v RS >100 [ # EE R (%) | REECEYE EEY | GRS O SRS
b03 28 7.9 2.3 0 225 280 80 11.5 0.7 5.4 21.8 1.2
b04 65 12.4 2.0 1 165 650 25 13.3 2.4 4.5 18.1 3.2
b05 55 11.8 2.1 0 74 550 13 17.0 2.8 4.5 18.1 3.2
b06 6 4.0 2.8 0 0 60 0 5.2 0.1 2.7 5.2 0.1
b07 45 22.5 2.4 2 129 450 29 25.8 6.2 5.1 28.5 8.4
b08 21 7.0 2.0 0 56 210 27 9.4 0.3 3.5 10.9 0.3
b09 20 13.5 2.4 0 23 200 12 17.8 0.5 4.8 19.1 0.6
b10 17 9.4 2.6 0 85 170 50 8.4 0.2 4.2 9.6 0.3
b1l 30 13.3 2.3 0 46 300 15 16.8 5.9 3.9 17.7 7.0
b12 116 14.0 2.3 46 445 1160 38 15.8 5.0 4.6 18.9 6.5
b13 46 7.0 2.1 0 174 460 38 8.0 0.4 3.6 9.9 0.4
Y 40.8 11.2 2.3 4.5 129.3  408.2 32 13.5 2.2 4.3 16.2 2.8
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