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Abstract: In order to reduce the cost of the resulting circuits, a reversible circuit synthesis method by combining
factoring and Boolean expression diagram (BED) is proposed. For a given cover representing the exclu-
sive-sum-of-products (ESOP) expansion of a Boolean function, cubes in the ESOP expansion represented by
shared zero-suppressed multiple-output decision diagrams are first factored by leveraging algebraic division, then
a BED is built from the factored ESOP cover and a reversible circuit is synthesized from the BED by mapping a
BED node to a cascade of reversible gates. The proposed synthesis method is evaluated using benchmark func-
tions. Experimental results show that the proposed synthesis method is time efficient. Compared to the existing
reversible circuit synthesis methods using a directed acyclic graph as the representation model for Boolean func-
tions, the proposed synthesis method can reduce the quantum cost and the number of qubits of the resulting re-
versible circuits in many cases. On average, compared to the synthesis method by combining variables grouping
and BED, the proposed synthesis method can reduce the quantum cost and the number of qubits by 5.01% and
5.47%, respectively.
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mod5adder 6/6 AR 21 170 20 150 36 160
plus127mod8192 13/13 BAR 24 98 24 73 34 125
plus63mod4096 12/12 BAR 22 86 22 66 34 124
rd53 5/3 BAR 8 44 8 44 28 117
rd73 /3 BwA 10 76 10 76 77 357
rd84 8/4 BA 15 112 15 112 124 588
seq 41/35 AR 1303 12238 592 4251
spla 16/16 — B 707 5946 742 3942
sym6 6/1 X FR 10 69 10 69 29 114
sym9 9/1 X R 12 106 12 106 198 880
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PR, SCHRIOTEA 40 i Hgh L.

2% 2 B0 T DA, il S L B 1) i AR AR
RO, A SO ASCER[9]H ) FDD J7
AR BAT X T SCHR[9145 i) 2 Fhsd
W MR EEWYE FDD 15 3 /0 25 3 (R otk
FDD Z55)A—EML T HZEW M FDD 1321455
(FEWt: FDD 548, #iln, XFF alu, cyclel0 2,
rd53 Fll sym6 5 pREL, ALt FDD 45 55 1 Pk
FDD 5 B[R], XF T ham7 sR%L, ZA% Ik FDD 45 5
() NCV BARTAR, Witk FDD 45 5% 1 & 71
B /. 5 CHR[9]6) FDD J7 M 1L, 753X 26 SRR
b, A 9 D eREL, RSO ILRRIE TS 2 i
MBI NCV BUARTAR RS, 5A 2 k%, &
CHFANRESAFE] NCV A AR A FL . (H A
YR, SEWIE FDD 45 R ME U FDD 45
R NCV A AR EE R L, AR SO vkds ml 3
HHL % Y 1 L BRI NCV AR 23 S AR T 21,11 %A1
48.32%.

255 3 8 I RS IS DR R, X TR AR 2
350G (arithmetic logical unit, ALU), BAR . XJ#R
FUR IR 0 B4, SCHR[9119 FDD J7 kA% 15 31 o
IR LE . H seq PREUE BN, X T seq pREL, AHXT
T FDD 77k, A J7ikaeiets 2] & 0 20 NCV
AR EALAILE . X T gaih fl— 2 5 Rk, A
SCHT IR AR B AT 25 . {H cordic Fl spla PREX
AR Xt cordic A%, FDD JrikRENS 19 2]t A
BB, XF spla pR%L, 5 FDD ik
A, A SO FL B B NCV AR FEAR T 33.70%,
AR BOE I T 4.95%.

i FDD =k BED 575 JIT 15 HL [ 119 o7 3501
T A5 FDD 8 BED (148 2 i A 5. FDD J& pR 5k
FIARETE DAG FoR, HXTsRE S Davio 43 ifii
5. BED & REAEREIE DAG Fow, JREAR L
KA T X ESOP 7 3% 5 K =043 5 A9 8 BED
5%, (AMIEAFBR A, BED J&FH — 4t
(bi-decomposition) BE e X bR ECSL il 43 . X T X Fk
PR UV 0 pRER L ALU Filds K Z50E A sk,
FDD FEMSAS 2 I8 NCV AR B0 A Ha %,
X 15 BH B R FH Davio 43 B s 28 bR B0t 43
T % 2 A R 5 24 R 22 B0 — 0 R ek B,
BED g3 2 F O 50 NCV A B4R Y H i,
U5 B B M B X 1 e R B ST 40
43 S5ETAIGHMIGHAIEBEKEEHE

EE &R

AIG, MIG 5 BED []J& T e PR HETE DAG

FoR. CHR[14153 9056 T AIG I MIG FoRBERIZE &

AL B S HIAR SO (BRI 2)RESCHR[14]3 4 1
7% 5 H1) 22 4~ LGSynth il RevLib R TR 135
PRLEE, FIHH TR, Hrb, AIG M MIG )7
AR IET AIG FIEET MIG FR AR g ] i
HLZR G i, HEE Ak A SCiR[14]1h 3R 4 Ak
5. ARSI EF R KAL) ESOP BT, H
XFF i4 pR%L, EXORCISM-4 T HP2IEuqe 4 P
A1) N 3R A5 ESOP /MUY ZE SR, LR 3 A
SO IR A 4 % R 45

T SCHR[ 1415 45 H 3% 3 Hp R Ha 6 1) o
FAOLEL, PRI AR SO T X 6 B H - AR 2R 47 L
MR 3IBIRTLEL, 5 AIG ik, BE S
™ PR# (apex2, cordic, ex4p, i4 Al i8)Fh, ALk
YIRERE RS NCV AN T Y IR A H S, s
2, BRI BREEE RS BT AR ERR NCV B
%, WHEEME RIS T RUAR T LAY Clifford+T HiLEK.
XEF I8 AL, RAEARCOIERINT NCV A, 4
BT RERALT 80.54%, HIA SOk fieig 3k
T AT Clifford+T B XFT B i4 4 21
MREL, MWPBIMAEEER, ASOEN NCV AR
&7 25.29%, ¥ T IRIERFK T 45.14%.

2 3 HAETT LI, 5 MIG ik, b7
R % (apex2, clip, cordic, exdp, i4, i5 F1 majority)
Ah, AR iR RERE IR T AR LA NCV HL i,
WEE RS B F A LAY Clifford+T HL#g. XFF
majority PREL, JSAEA SCTTVE IR G ) 300 L B 1Y)
Clifford+T [T F A, H¥ NCV 71528
M T AR T 5.00%. X T i4 4M1 21 iR
B, NFEBAER, RCER T RERIKT
25.97%, {HEE NCV AT 1.16%.

N 35 3 PR KBRSk A, 5k
[14109 AIG A MIG M, AR SO x5
ReRECEA LR VBN R 2 FOB A, 7ER
NEAR KB, ESOP JBIF HAEG Y 2 S 5-m %
WO ONAE . BT A SO R B a0 S
ESOP ~7 7k BED, I T4 AR k%L,
AT AIG A MIG ik, RSO kaEg 3k 15
BT AR AY NCV LA Clifford+T Hi .

LS =2 N Wy e R o R 7 S g
ESOP J&JF, UL Iy ik 9 B E, A0
HEL T SCHR[14109 AIG J73:H MIG 7.

BUAb, XT3 1~ 3 R B, ASCOTESGEA
JIF A5 e B (5 A 3.2 74 Bind O ik b AT T IhRE Y
PEIGAIE. S D) RESE M B AIE T R CHHiE S
SR
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R3 IMFEERILER

AIG! MIGHY AL
i€ nim BRI

NCV A T REE NCV A T B WP NCV A T RAE
9sym 9/1 CWN 1380 714 1049 678 198 880 567
apex2 39/3 — 2 3750 2250 2540 1329 3665 18099 10878
apex5 117/88 — P 11972 6453 7888 6072 725 3189 1788
clip 9/5 — B 1029 525 520 351 144 722 402
cordic 23/2 — 2 485 249 272 174 1275 6936 3756
exdp 128/28 — 2 4603 2421 2873 1809 1121 4648 2979
frg2 143/139 &R 12012 6342 8137 6243 1500 7840 4017
i4 192/6 — % 4132 2436 1240 996
i5 133/66 — i 6401 3813 772 564 540 2175 1221
i8 133/81 — B 3310 18129 7340 6852 1311 7125 3528
majority 5/1 A 50 30 40 24 13 38 24
misex2 25/18 — i A 631 357 476 300 89 303 192
parity 16/1 AR 253 135 360 216 16 15 0
rd53 5/3 CWN 327 165 286 189 28 117 66
rd73 7/3 AR 900 456 898 618 77 357 201
rd84 8/4 PN 1356 690 1265 852 124 588 345
seq 41/35 AR 18307 9750 13724 9750 592 4251 1587
spla 16/46 — % 13685 8211 10996 8790 742 3942 2124
sqn 7/3 AR 695 417 584 408 76 342 201
sqr6 6/12 CWN 825 495 593 417 59 278 150
squar5 5/8 AR 320 192 339 225 29 125 66
Z5xpl 7/10 =¥/ N 1010 606 568 384 57 266 141

5 & & &£ ik (References):

Xt ESOP a7 77 (R #4734 i, A
ESOP 78 52t (1Y) BED £54 Airf5 nl 338 e % 10 J AR
AR T L RE AT SZMODD R iRl
H B SZMODD Xt ESOP 7 7 AR 52t [N =04, Fi-
FEE LR M EE BED. 55 7E X AR s UEA T 40 4 0
fit - fi ESOP Z #5443 BED M5k EL, M-
R, ACOTHEK I BED 254 Fris i jR i i 1
BA T T O 5 AR T 5.01%F1 5.47%. {5 Bl
FRELBRIE S ESOP 7 7 (A1 PR =X 4 fift vl AR -
A PR HAL pR A, HEA B B IR, X (A5
AR SCH AT 35 L 2R T e N FH T R RS PR

53LF FDD /B ) ml 33l B 25 A A
Fb, X 4 fith bR ESORN 268 K 2500 — i 8 R g, AR
SCH i AR A T R [ Y T AR 4
HILTF AIG FI3ET MIG 8 i ] i i i 25 &
TR, XFRARREL, A S Re kAR AT 8
% 1) AR
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