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Optimization of MPRM Circuits Based on
Ternary Diversity Particle Swarm Optimization

YU Hai-zhen, WANG Peng-jun,ZHANG Hui-hong, WAN Kai
(Institute of Circuits and Systems , Ningbo University ,Ningbo , Zhejiang 315211 , China)

Abstract: Based upon the research of discrete ternary particle swarm optimization, the ternary diversity particle swarm
optimization (TDPSO) is proposed for optimization of mixed polarity Reed-Muller circuits ( MPRM ). According to the
characteristics of mixed polarity XNOR/OR expression and probabilistic transition rules, motion equation of discrete ternary
particle swarm optimization (DTPSO) is deduced. On the basis of DTPSO,a TDPSO algorithm is proposed by introducing
extensive learning and ternary mutation. A mathematic mode for area and low power dissipation is built and mixed polarity
conversion of XNOR/OR circuits is improved. Then on the basis of parameter mapping relations between particle and polari-
ty, TDPSO is introduced to search the best polarity for power and area of MPRM circuits. Finally, the proposed algorithm is
tested on ten circuits from MCNC benchmark circuits ,and the experimental results show that the algorithm significantly out-
performs the reported method.
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%1 DTPSO #0 TDPSO & %7 MCNC Benchmark FEE& FRYHEFRMEREXT LR
DTPSOL '] TDPSO
benchmark Inputs
w=0.0 |w =0.25| w =0.5 |w =0.75 | w =1.0 | w =0.0 | w =0.25 | w =0.5 |w =0.75 |w =1.0
Squar5 5 3 3 3 3 2 3 3 3 3 2
Inc 7 56 56 56 56 30 39 39 39 39 30
Conl 7 24 24 42 46 23 24 24 24 24 21
Rd84 8 140 140 140 57 56 60 60 60 57 56
Sqrt8 8 142 142 142 142 106 112 112 112 112 97
9sym 9 1163 1163 1163 1163 644 871 871 871 871 635
Clip 9 366 366 366 366 260 366 366 366 366 260
Ex1010 10 1679 1679 1679 1679 1679 1679 1679 1679 1679 1679
Sao2 10 128 128 128 128 127 128 128 128 128 127
481 16 128 128 154 154 39 47 47 47 47 39
£ 2 DTPSO #0 TDPSO & %7 MCNC Benchmark FEE& FRYTh3EHEREXTLL 5 R
DTPSO!®] TDPSO
benchmark inputs
w=0.0 |w =025 w=0.5 |w =07 w=10] w=00|w=025| w=05|w=075|w =10
Squar5 5 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.02
Inc 7 2.21 2.21 2.21 2.21 4.39 3 3 3 3 4.39
Conl 7 2.2 2.2 2.8 2.53 3.41 2.2 2.53 2.2 2.2 3.41
Rd84 8 13.15 13.15 13.15 11.59 18.93 9.3 9.3 9.3 10. 46 18.92
Sqrt8 8 5.84 5.84 5.84 5.84 9.41 5.15 5.15 5.15 5.15 9.31
9sym 9 6.67 6.67 6.67 6.67 69. 89 5.81 5.81 5.81 5.81 17.56
Clip 9 5.95 5.95 5.95 5.95 8.41 5.95 5.95 5.95 5.95 8.41
Ex1010 10 10. 61 10. 61 10. 61 10. 61 10. 61 10. 61 10. 61 10. 61 10. 61 10. 61
Sao2 10 0.15 0.15 0.15 0.15 0.16 0.14 0. 14 0. 14 0. 14 0.14
481 16 10. 14 10. 14 10. 17 10. 17 12.37 8.09 8.09 8.09 8.09 9.16
%3 MCNC Benchmark FE&iR 45 R
Optimization of MPRM circuits based on TDPSO i
Benchmark FPRM!'
w =0. 00 w=0.25 w =0.50 w=0.75 w=1.00
name inputs area power area power area power area power area power area | power
Squar5 5 3 0.01 3 0.01 3 0.01 3 0.01 2 0.02 8 0. 64
Inc 7 39 3.00 39 3.00 39 3.00 39 3.00 30 4.39 37 4.97
Conl 7 24 2.2 24 2.53 24 2.2 24 2.2 21 3.41 35 2.53
Rd84 8 60 9.30 60 9.30 60 9.30 57 10. 64 56 18.92 57 | 10.64
Sqrt8 8 112 5.15 112 5.15 112 5.15 112 5.15 97 9.31 91 11.84
9sym 9 871 5.81 871 5.81 871 5.81 871 5.81 635 17.56 | 635 | 17.56
clip 9 366 5.95 366 5.95 366 5.95 366 5.95 260 8.41 441 | 8.63
Ex1010 10 1679 10. 61 1679 10. 61 1679 10. 61 1679 10. 61 1679 10.61 | 2318 | 61.30
Sao2 10 128 0.14 128 0. 14 128 0.14 128 0.14 127 0.14 366 | 1.06
T481 16 47 8.09 47 8.09 47 8.09 47 8.09 39 9.16 39 9.16
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