BAF 3R ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software, [doi: 10.13328/j.cnki.jos.000000] http://www.jos.org.cn
O [ B2 B B A4 WE 5B R Tel: +86-10-62562563

FastUSYN:NESEM IS R B8 FREBMREAREE
BRE, FIE, WMER KRN PFER

GHAENURE AR SBE Wi K%, BT 310027)
BARE#: AENsE, FEAF, B-mail: {ligiangly, zjuyjw}@zju.edu.cn

7 E UNNETEF - BREETERERHSANETFIIHRMERETOE THEERSNEHEERN,
BN X L B T e A O SR A T BT AR R B R %D R R O T R B A B AR T, A R R A R T VR T R
A RCEL B BTN T T R T T G ) O A T D ) S R S ) R B R R ) i
R A RSN FEARIE T TR BUNMIE N, M B 7 ISR & 8 I, i rR S A BT R H 2 B H R ).
FEX I TAEh A FRAR T — P87 B A BT 1, 52T 7 M P 60 e 8] v o T R R P DR B A
Ja /8T — Rk AR 07 v, 18 AN B BRI TR T H AR PG AR R AR IR AR R ST AR — A 2 AL ) D R O
W& IR0 TU AR BT[] AR BT FE B A B R AR 8 T ek 0 3o R R AR I A ) SR T — A BT A I,
LB e IR A I B R 04 P R 41 D R G 1) 3R R 2 () AR S R T AR 1Y) R 25 ) L B kAT BT A, LA UL
R 3T — AN /N e O (A R 4 b Ab O T D 3 R B A T T S B0 8 AT 0 3 7 1 4 38 5 H A 18 6
ARG — B, AR 5 I T R LA B A b ) B S DL SR A5 T BB S S A B, 5 S AT I B AL R T R A
RT3 QuCTUIAT QFASTOIMIEL, ABFRAE 5 LhAs$ 8 L B 7R A M F LI T 1.6-2.7 FHITTE =D f
3.7-20.6 f5 10k

XgiE: 2T E; T8RS ETEAS; HiF EFAR

FEES LS TP31L

hoac ) R S R S, 5T i B B S, R B U, 5 2 £ Fast-USTYN: A\ 79 6 B 21 1) Jt Bt & FHL B 1) DO & B V2 1 2
#%,2021,32(7).http://www.jos.org.cn/1000-9825/0000.htm

HE 5] %30 Tan SW, Lu LQ, Lang CL, CHEN MS, Yin JW.Fast-USYN: Fast Synthesis from Unitary Matrices to High-Quality
Quantum Circuits.Ruan Jian Xue Bao/Journal of Software, 2021 (in Chinese).http://www.jos.org.cn/1000-9825/0000.htm

Fast-USYN: Fast Synthesis from Unitary Matrices to High-Quality Quantum Circuits

TAN Si-Wei, LU Li-Qiang , LANG Cong-Liang, CHEN Ming-Shuai, Yin Jian-Wei
(College of Computer Science and Technology, Zhejiang University, Hangzhou 310027, China)

Abstract: Current quantum programs are usually represented as quantum circuits,including various quantum gates.If the program contains
gates that are represented as unitary matrices,these gates need to be transformed into quantum circuits composed of basic
gates.However,current synthesis methods may generate inferior circuits with thousands of gates,which leads to failure when deploying to
real-world quantum hardware.Moreover,the process to minimize the number of gate takes weeks or even months when the number of qubits
goes to 8.In this work,we propose Fast-USYN that enables fast synthesis from unitary to high-quality quantum circuits. We first introduce an
iterative approach that approximates the target unitary by inserting circuit blocks.The minimization of gates is achieved by a look-ahead
strategy with a rewarding mechanism to reduce redundant gates.In the acceleration of unitary synthesis,instead of exhaustively enumerating
tremendous candidates,we construct the search space by depicting the closure of each candidate.Furthermore,to reduce the overhead of

searching the optimal gate parameters,we pack the selected candidates with the target unitary into a uniform circuit so that we can quickly
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obtain the approximation distance by calculating its expectation on the ground state.Experiments show that Fast-USYN achieves 1.6-2.7
times gate reduction and 3.7-20.6 times speedup for 5-qubit to 8-qubit synthesis,compared to QuCT!!Jand QFASTLL.

Key words: Quantum computing; quantum software; quantum circuit; compiler; program synthesis
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3: FOR depth = 1,depth + +,depth < k DO
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