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Optimization of Oracle circuits based on minimum weight and
template matching
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Abstract: Optimizing quantum lines is essential to improve the computational efficiency and reduce the
resource cost of quantum algorithms, especially in the case of Oracle circuit constructed from Boolean
functions. This optimization process is divided into two key stages. In the first stage, the MCT gates of
the same controlled points of Oracle circuits are reordered based on the minimum weight matching
algorithm to minimize the number of gates for generating circuits. In the second stage, the method of
template matching is utilized to further reduce the number of gates and the cost of the circuits. The
experimental results show that, compared with the optimization tool of RCViewer", for 4-10 qubits, the
number of Oracle circuit gates can be reduced by about 48.3%, and the cost can be reduced by about
64.5% using Deutsch-Jozsa algorithm, while the number of Oracle circuit gates is reduced by about
25.0%, and the cost is reduced by about 18.2% using Grover algorithm.
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3. g@2<«TI1_Match (gI) //MrBL2BAR T14E4L
4. gates—T2_Match (g2) //Mr B2 B T2 44k
5. }while(gates = gl)

6. return gates

AT FEBEHLAE B 10 20 4 5T LR (91457 2R B (o) 7E 8 DY SIS o 2 1 XF G T RCViewer FIASHE 7
Fe th BIRAE IR Oracle 2% _EHIOLALES R, PEANIEFR 70518 GC 1 QC, GC KR4k [ 141, QC RN AL .
5 RCViewer" H 5 104 D REXT Ll 2238 BB BRI AR AL IS, 10 2 B0 B0 1 35 2R B T T BORAR A 49 3l B AR T
46.4% H173.5%, Bk 1 B th B A 280 .

%1 n =4 Deutsch ft{L LI LER

Table 1 Deutsch optimized experimental results with n = 4

Original RCViewer" Phasel Phase2 Impr/%

/6 GC QC GC QC GC QC GC QC GC QC
1 {0,1,3,4,5,9, 12, 15} 8 232 8 108 5 42 5 33 375 69.4
2 {0,1,7,10, 11, 12, 14, 15} 8 232 8 106 6 45 5 38 375 64.2
3 {0,2,3,6,9,10, 11, 14} 8 232 7 93 5 36 3 25 57.1 73.1
4 {1,2,5,7,8, 11, 12, 15} 8 232 7 91 4 26 4 16 429 824
5 {1,3,8, 11,12, 13, 14,15} 8 232 6 78 5 65 3 39 50.0  50.0
6 {2,3,4,5, 10, 11, 12, 14} 8 232 4 52 4 38 4 28 0.0 46.2
7 {2,5,6,7,8,10, 12, 13} 8 232 8 232 5 43 4 34 50.0 853
8 {3,4,7,9,11, 12, 13, 14} 8 232 11 143 5 49 4 40 63.6 720
9 {4,5,6,7,9,11, 12, 14} 8 232 4 52 3 11 2 6 50.0 885
10 {4,7,8,9, 10, 11, 12, 15} 8 232 6 78 4 19 3 15 50.0  80.8

Avg 6.9 103.3 3.7 274 464 735

N7 MR Oracle 2R FE AL FEAE n LURHE DL T M SEIGRBOR, £ 245 T DI SF0E T 100 2 BE AL T~ 8 2011
I GCy QCHIBAT I [B) ETo s ie 45 B rT 41, B & & 1 Cr 8t G m, Zek i1 8, AN FIHRAT I o) AN
Hhn. FHET RCViewer', BT H L HIFY) GC. QCH 73l FE 1K 48.3% F164.5% . 4 LLRFEL n I 10 B,
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A2 BCMCT 1T EG I 204N, B B 1 34808 /L TT TS (1 B [ 52 2% FE O(W) AL B (R B 1] 5 4 A 4
Ko, PRI B3 7 RS FH 1 /NS £ Oracle 28 B 04K, % LE S R B R n < 10 I8 53
EF %t Grover Hi%k, R 345 T 2n # R 2 (A 100 ZLBEHL E broc R E S KR0S RAAT I E . AH
BT RCViewer', AP FEARALJE HI-F 2 GC. QC 73 3l FEAIK 1 25.0% 18.2%. X EE 3% 2 F15% 3 W] 41, Grover 5
722 N i Oracle fR AL B R R & DI 3%, £ B R RYE T Grover ¥4 Oracle 28 #4005 #/D HIMCT |1, Bt X} 7 5%
FHRLR D, 2R 6 I AT R AL FE 2 BRI
#<2 n bit DJ i Oracle I8 I 1L ER

Table 2 Optimized experimental results of DJ’s Oracle circuit with n bit

Original RCViewer” Phasel Phase2 Impr/%

" GC QC GC QC GC QC GC QC GC QC ETs
4 8 232 7 86 4 39 4 32 429 62.8 <0.1
5 16 976 13 396 10 151 7 115 46.2 71.0 0.1
6 32 4000 29 1555 22 471 15 342 483 78.0 0.3
7 64 16192 60 4840 48 1428 30 993 500 795 1.4
8 128 65152 122 12204 106 3619 59 2379 51.6 80.5 9.2
9 256 261376 245 31413 226 9578 123 6328 49.8 79.9 872
10 512 1047040 496 147448 475 109340 265 60153 46.6 592 7413
Avg 138.9 282774 71.9 10048.9 48.3 64.5
%<3 n bit Grover i Oracle £ 35 L 45 R
Table 3 Optimized experimental results of Grover’s Oracle circuit with n bit
y Original RCViewer" Phasel Phase2 Impr/% —
GC QC GC QC GC QC GC QC GC QC
4 3 88 2 36 2 36 2 34 0.0 5.6 <0.1
5 5 301 4 114 4 112 4 108 0.0 53 <0.1
6 8 1122 7 343 8 330 7 308 0.0 10.2 0.1
7 17 4351 17 939 17 921 15 831 11.8 11.5 0.4
8 31 15809 36 2306 35 2233 29 1984 194 14.0 1.2
9 58 59994 87 6307 83 6126 67 5200 23.0 17.6 8.3
10 134 266443 235 15937 219 15507 167 12798 28.9 19.7 123.9
Avg 554 3711.7 41.6 3037.6 25.0 18.2
4 4

B4 DI Grover S35 T Oracle 4o, #tf T — i At MSURIBU LA RO HLAL B3, B 26 H I Oracle
(K TECS A . M T 16 T AU RC Viewer', TR H1HEH I Oracle 2o T THURMC fite — AR (HZETLSE
(KPP T O LR, TR B R A P AV, AT % FEK L0, KA TR R AT
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