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Reversible Circuit Synthesis Method Based on
Boolean Expression Diagram

BU Deng-li, GUO Ming
(School of Electronics and Information Engineering , Jinggangshan University , Ji’ an , Jiangxi 343009 , China )

Abstract: A reversible circuit synthesis method based on BED ( Boolean Expression Diagram) is proposed. The pro-
posed method utilizes a BED to represent a Boolean function, and synthesizes a reversible circuit through mapping BED
nodes to reversible cascades. Using a gate library consisting of NOT, CNOT and mixed-polarity Peres gates, the proposed
method constructs a locally optimal reversible cascade for each BED node by considering whether the values of the child
nodes of this node will be used by subsequent reversible cascades. In order to improve the cost of the circuit synthesized
from the BED of a function, according to the sharing of pairs of variables among products of the function expression, variable
ordering for the BED is achieved by variable grouping. The proposed method is validated using a set of benchmark func-
tions. The results show that the proposed method is time efficient. Compared to the existing reversible circuit synthesis meth-
ods using decision diagram as a representation model , the proposed method can improve the quantum cost of the synthesized
reversible circuits for almost all of the used benchmark functions,and can also reduce the number of qubits and the number
of garbage lines in many cases.
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N AT DD For UL & 7 B (% )
ué& QC QB GL pS S HE QC QB GL
Smod5 143 14 8 58.04 -21.43 -37.50
SCHR[16] PDD
bw 618 71 43 36.73 8.45 13.95
decod24 20 5 1 5 -20 - 100
ham3 18 4 1 27.78 -50 -200
rd32 20 5 3 SCHR[15] BDD 30 -20 -33.33
one-two-three 33 7 4 15.15 -14.29 -25
xor5 8 5 4 50 0 0
apex5 9023 1029 941 64. 45 28. 86 31.56
ex5p 1525 202 139 11.87 -6.44 -9.35
SCHR[18] KFDD
seq 6214 828 793 25.33 17.03 17.78
urf5 1679 207 198 23.11 -18. 84 -19.70
cps 5677 619 510 45.96 33.76 40.98
del 141 21 14 29.79 9.52 14.29
ex] 6 6 5 33.33 16. 67 20
inc 442 56 47 29.19 -12.50 -14.89
SCHR[19] KFDD
majority 37 10 9 21.62 -10 -11. 11
modl10 60 12 8 15 -16. 67 -25
sao2 562 74 70 18.33 -39.19 -41.43
sqro 304 48 36 7.89 -20.83 -27.78
aj-ell 84 15 11 20.24 -6.67 -9.09
ex-1 17 5 2 -5.88 -20 -50
graycode6 15 11 5 SCHR[26] BDD 66. 67 45.45 100
mod5d2 30 11 6 10 9.09 16. 67
peres 11 5 2 27.27 20 50
haml5 228 40 25 SCHR[17] KFDD 13. 16 -12.50 -20
i6 2243 280 213 67.10 0.36 0.47
SCHRL25 ] BDD
i7 2953 403 336 64. 41 -0.25 -0.30
modSadder 269 32 26 SCHR[2] BBDD 38.29 -15.63 -19.23
-1y 1156. 43 143.75 123.57 45.67 13.47 15. 67
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WREAE IR /D 25 5 BT 15 T 300 L B 1 2 057 B0 b7 3 2
B X T RRE haml5 Al rd32 45 53R 3 LA AR
ORI AS A L, B 3 45 R Y AL EOR B
WERECA B B2 5 3 7 1 i AR A A
JAH LG, X F R 2L haml5, B3k 3 78K & AR B IR
12.39% [HRTHE T K 5 100 BORT B ) 26 5003 il i /D 1
69. 59% F177. 44% , %} F pREL vd32, 3L 3 FEAH N5
A A= N T 7S NN L o o il A NI Y 8
T 12.50%.
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bw 581 78 50 32.70 16. 67 26
rd32 16 6 4 SCHk[19] KFDD 12.50 0 0
xor5 6 6 5 33.33 16. 67 20
ham15 226 148 133 k[ 16] PDD 12.39 69. 59 77. 44
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