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Abstract:
size 3-qubit logic circuits using quantum logic gate library, however, a few can optimally synthesize 3-qubit logic circuits for quan-
tum NOT, CNOT, Controlled-V and Controlled-V + (NCV ) gates, the key approach reduces the NCV quantum circuit synthesis
problem to four-valued logic synthesis. This paper proposes using NCV gates to create a new quantum logic gate library, which is

Owing to the exponential nature of the memory or run-time complexity, many existing methods can only synthe-

exactly the same as NCV gate library in the synthesis of all optimal 3-qubit circuits, thus it also reduces the four-valued logic syn-
thesis to easily solved two-valued logic synthesis. We present a 3-qubit efficient synthesis algorithms based on perfect hash function,
which can quickly construct all optimal 3-qubit circuits--the average speed that synthesizes circuits with minimum cost is nearly 127
times faster than that of the best result of Maslov 2007.
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4.while S, (J do |

5. minc=minig. cost| g€ S, }

minl = min{ g. len| g€ S, A g. cost = minc}

. if 18,1 >0 then |
Luey = Ly UMin(Sy,,)
10. Spew = T(Lyews c08ts )5S, = S, = Spen |

6
7. Sup=1glg€ S, Ng. cost = minc\ g. len = minl |
8
9

FrsR B 2T Lo N QLL(L,,) , %
PR R T T N Ly, — Min({ N, CN), AJFHATT 4
AT, Hp— 2 Peres ]

55120 B QMCA LU AR costs AR ifE, 18 ]
JE L, R AT R TR A AES S, P2
KPR L, BT RN E RS L, 55 3
W AFFE Loy, VAL TARUMY costs FbR e, 25 5 258
AR D S BT DL L B, T LUK X e
BEIN S, HRBREE 4 25,3 S, S, KT AR K oE ke
55520 RHC S, A LB AR 1 SR/ MIE 26 6 2B 3K
s 2 g /M H % 1) e R B 5 56 7 A K A K
IR HIEAEA S 5 8 ~ 10 25, 45 Sy AN %5, T
WZEE G i R i/ NE B BRI L, 0 FRKOH BT
FE Lo Zit i FiB2 i, IR s BN S, 25B%, 1R
WEE 4 Mk E, HE S, WE NI, HE L.,
EARE e (ST RS L (i AN

AT LA RARE, ATAS T A R T T UL A 3,
HATT g g Tl g3 A HIEA VE VT, Y 6 = x,
=0 B, ANEBAE T2 2, =0, 0, = 1 B 3E8E ] g, A
g8 x =1, 20, =00, EFET g Ml g5 v, =1,2,=1
Bf PR T] gy Il gy, BTV I TR DI RE LR 4.

F4 HEEFBEINEMNHER

T8y % =0 x=0 2 =1 x=1
R g1828 x,=0 x,=1 x,=0 x=1
Peres vvv* 1 VWt =1 wt=1 VW=N
Pl Vv 1 V*V*=N| VwW*=1 | VW*=1
P2 vwrv 1 viv=l VW=N vw* =1
P3 144% 1 VW=N VW=N VW=N

X, Y,
x,—{&1] &) EfA

E3 ETNCVHFHHEFEEITWER
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K APHARTHERETIIMEMAGHERT 5y, L5E
MATIRE, UL LI T4 & L s a1 T Ui fe
BAMNE, A& HE g a0 rthEe, 5 —Fh 2
Peres [ ], AT & T =21 Peres AU FF Al 1 F 1],
WA N 5 CN '], 8 B B 12 5 1% B4, NCP4.

i 3 TR E, T EN 3 & T e
HE RS A WIRAC & F I e
H 3 BT NCP4, R FHSCHER (51109 QMC B,
P Az Bl 4R B /MU 1 3 B R K, 5
QMCA B AT R4 . v SCHR [S ]/ QMR 33 ik B
JIE K HL g% Y51

4 KWERSHT

ARSCR A 3 AR B n] 3 pR B bR A T S, A
J 40320 A1 35632 5 HL I L S E e R Y B ]
A AT AN R AT RE /N L B AR SR 2 R
TR, R A br i, PO AR il 2 s i
. R TGS W 2B TR T AEE T
JEE NCV WL G HEHIA L, ARSI A9 AU Maslov 2
PR BB R SR A AR B 15 501 7E Sun Blade 1000 750MHz
R b, 12 4 (2R 25 G5 IR I A — S Ab H]
PR 7RSO, 29K 60s, 1 SCHR[ 8 11X L5 A — 4
6 1A Miller Hi, 3% 5k FH S 318.29s, SCHK[9] RAELE &
Horr 10136 A HL 6 5 A B, AR 5256 1) Ha g S 36 AR
#5111 667MHz 64M, HL i it & w1 28, 55 3 QMC4
(Lpey > costs ) A2 B A2 R HL 8%, SF- 34 HI B 24, T 58235 QLM
(Lm,w,costs)ibjzéglg%%, S B 0. 48s, FE TR
(10]PR Tk 127 f% . BT & U4 NCV-111 .NCV-012 5
B =B STE5 RS SCEk (1041 1R] {33
BRL10] 3047 45 58 F i AU NCV-155 5% Fbr i
NCV-011 BG4 R, H ki 45 5T NCV-1 14
IR i TR AR ME R BT 45 SR AT iR, W REEE S
NCV-155 M GEiHEARIRYE , FEA A G T 25 R I3 5 Fik
6. R I A LR , AT R A Maslov #2411 3 & 4R
HED A L B AT 5200 . DASEF CNT =TI T HL % 317
S, LA Z B i AR, SE IR A QMC AR i B 1A
LEABE , 21T QMR, UGS 1T LA A i F NCV &
FITH P H, o] DL UE , 3 26 e 6 1) B iRl P = (7,
1,4,3,0,2,6,5), A Toffoli [TA] LA H Peres [ 15 CN [J%%
RS A5 — AT TR AR B S AT TR Z F0
HLE% 3_17 L2 R AU AR LS &, A2 L& R NCV B
i T2 s, A B RN 5 317 AR R
Je L AN S LR 7. A R R LI 4, 25 PR 2 B i
I NCV 5 FH B A, B4R, 02T A, A DR .

R5 HUSHEFRMTEEARME NCY ZETFEERBNHE

Cost | NCV-111 | NCV-012 | NCV-011 | NCV-155 | NCV-1149
0 1 8 8 1 1
1 9 43 43 3 3
2 51 192 192 3 3
3 187 408 408 1 1
4 417 480 672 0 0
5 714 192 1248 6 0
6 1373 16 3184 24 0
7 3176 192 4320 18 0
8 4470 1056 3552 0
9 4122 3168 11520 0 0
10 10008 4320 4416 24 0
11 5036 672 0 117 0
12 1236 0 9856 51 0
13 8340 0 896 0 0
14 1180 2880 0 0 6
15 0 11520 0 51 24
16 0 4416 0 282 18
17 0 0 0 75 0
20 0 0 0 84 0
21 0 9856 0 483 0
2 0 896 0 105 0
25-138 0 0 0 4 73
Fx6 USHEFRMREZERML NCV ZEFEBEBBNEITR
NCV-111 | NCV-012 | NCV-155 | NCV-1 149
N(T(L)) 40320 40320 40320 40320
Rl 10.03 14.98 46.35 75.17
Coax(T(L)) 14 2 66 138
N(L) 21 21 21 21
QMC4 Bif ] (s) 24.22 24.28 24.39 24.40
QMC i ] (s) 0.45 0.45 0.45 0.56
SCHRL10] MR (s) 60 60 60 60
P B 133.3 133.3 133.3 107.1

R7 USHEFRMTESERM NCV ZETFEEREBNSEITR

NCV 1t NCV fflt AR NCT AR NCT
M LA MR AN
NCV-111 10 NCT-115 14
NCV-012 15 NCT-018 19
NCV-011 9 NCV-015 13
NCV-155 46 NCT-15 25 65
NCV-1149 97 NCT-1 14 55 152
%, B xw»TI_V;H? """""""""" Tyo
x, ~ v OMP(L, ,costs,P) x, ('I; ‘ 2
T x, @ i 32
O e S mi @

B4 233 17388 BANCVE T HEE,
(1)ZP211,(2)ZPeres|]

5 Z5FRIE

RETARB TS S R ARSI
FRL SR A U SR BB 0t 2, A S 3 ) s 7
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IR PR T ARZ R T, DT I ER fr) 1L
B i T IR A T 254 TR, X — s H
R RT3 R4S 2 T 98 % Hash PR 1132
BEEERk, L Z R TR ETT 52 ET], R
LSS s =N S N v S {D== AV 11 S e s
s s dy R s R BUIBLE N I LN €2 N S
THLEG X IR AR EE B R
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