Chinese Physical Society
Mﬂ#ﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

ETETHEANBTSERNAR
WER FH RER KA
A novel scheme of quantum state tomography based on quantum algorithms

YanglLe LiKai DaiHong-Yi Zhang Ming

5|5 &, Citation: Acta Physica Sinica, 68, 140301 (2019)  DOI: 10.7498/aps.68.20190157
TEZE L View online: https://doi.org/10.7498/aps.68.20190157
AN View table of contents: http://wulixb.iphy.ac.cn

BT BB A HAB S EE

Articles you may be interested in

ST T RIS R R IR A R
Quantum communication scheme based on quantum teleportation

PB4, 2017, 66(23): 230303 hitps:/doi.org/10.7498/aps.66.230303

BTl 7 AR S AR A T
Quantum error rejection and fault tolerant quantum communication

YrHE2E 4. 2018, 67(13): 130301  https:/doi.org/10.7498/aps.67.20180598

S TARBLVC R 747 E SRRk S B S

Quantum walk search algorithm based on phase matching and circuit emplementation

WIFEAEAR. 2015, 64(24): 240301 https://doi.org/10.7498/aps.64.240301

BT Bell LT M HOL TR A R BT L2 H G TR
Quantum secure direct communication protocol based on the mixture of Bell state particles and single photons

WIFEAEA. 2016, 65(23): 230301 https://doi.org/10.7498/aps.65.230301

FFE BIRITIE A Z Wk A esE i i 72544
Optimizing quantum state transfer in multi—excitation spin chains via information flux

YIFE£4. 2015, 64(16): 160305 https://doi.org/10.7498/aps.64.160305

SN X PUAS B AR T S A P4
The protection of qudit states by weak measurement

YIBR2EA. 2017, 66(1): 010301 hitps:/doi.org/10.7498/aps.66.010301


http://wlxb.xml-journal.net
https://doi.org/10.7498/aps.68.20190157
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.66.230303
https://doi.org/10.7498/aps.67.20180598
https://doi.org/10.7498/aps.64.240301
https://doi.org/10.7498/aps.65.230301
https://doi.org/10.7498/aps.64.160305
https://doi.org/10.7498/aps.66.010301

#) 32 % 3R Acta Phys. Sin. Vol. 68, No. 14 (2019) 140301

ETEFRZNETSEMHARE

ARy FPY

HE B

7K B

1) (EBRHRS, Faekl2EBE, Kb 410073)
2) (EIBFRHE R, SO R, KD 410073)
3) (BB K, i FEEA P, K 410073)
(2019 4F 1 A 27 HE; 2019 4E 4 A 27 HIEMEEH)

TE 28 05 B AT A 5ol 45 8 BT S R T RE nT B S R SR, TRABIESE 1 B 1 Bk A el A5 A
BET LM WAl T A 5 252 BT TR B I )52 A B (). 7R ©A A9 i TR SRR b B T T A2 TR
Tr % HA RS IEEMLE, AR SO R 7 S8 75 251 1A A A A B R (H BE R TS
JE AT I )52 2% . 0 T AR d T EEAL R R AR, 2 BT A e TS R R R R A A R R R R TR
e M EIEINE 2 ¥ O(poly log d) , H B [R] I il 4 (4 1 125 X0 HAUBLR: O (d) I, A7 S nDR 7 5 = A

AR P R E 25 L O(d*) Bk O (dpoly log d).

KR TRk, BT AR, MRS IRE
PACS: 03.67.Ac, 03.65.Wj

1 5 =

BT AJEN (quantum state tomography), i
T B4 1T (quantum state estimation)!']) J&
308 o 00 S A A I B S B . X T e
T IR Y i R G0, HAY 8 d = 2~ , P+
AT 55 1 s 1) A 2 32 Bt o ] FURASE 11%) 185 o
TRBOGK. |/ REH0 2 BB, BRI Rr B
FV PN s 5 S AL TS BB YT R TR
BEAEECE R BT, 3K 2 AN PR R 4R B AR
BN SCER [2] BT E TR 8 B FI B T R4, #E
%10 24 /INEF I B R R R AR B R, 1 AR
BT K T — ] s R el P Bt AT A A
W, PP I 4 R AR R R A2
Mr )RR ) G5, e ANEMWA 2Rk, gkl
THBI 2tk WAl 191 A% KARBR AL T 07, DL

DOI: 10.7498/aps.68.20190157

PE AL BOISE, XTI LRI L.
BRI RN TR R TR BRI X T
2 MR A M (PR, A7 L] DA B BT
TEAT R [R] A e D0, A7 BB — 5 25 R T LU
R[] AR SRR, T 8 B - R A A e 1209,
MAHLEREE T A RE, Al DL ok B R B e —
AR, AT RS A R BB A R IR
o, A28 TS E MR X E T &1
PR DA T IR AL e 1 —A> AR Y T
XA RV EA R, AT RIARER
A B DA ek g [ 52 2% B R I H A
TRILS IR T REMRAT IS AL, I Hik
RS BN [] 52 235 J3E oy BE SR oA fat 1 S E A Y
THELE IR R A AP,
BT RS AA 2R, AR
ORI, AR H DGR BN R 45
PR, 3 SEFR A 08 O Y 1~ Bk A AN [ A S BT

* K A RRHERAS (IS 61673389, 61273202, 61134008) ¥% Bt L.

+ AfEVEE . E-mail: yas-zm@163.com
©2019 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

140301-1


http://doi.org/10.7498/aps.68.20190157
mailto:yas-zm@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 68, No. 14 (2019) 140301

7, BB — G — W TR ok Se A i
P A SO AR )RR s R T4l JH 8 v [ U R £
HARARESE AR ERL R, fHE TR
PATAL B R AR, TR 250 PR TS
IHAE 55 14 52 1. R S M I A Sk A ik
P, JE R FE T Ll Ji A SR v A R B 4
FAUSRAG A0 DU ek 1) —Ff, I F R A 22
LSO ] 0], S T A T R 1 FE
T T BEAFAE AR (LA 1) . 308 5 7 T A B 11
NIRRT N Y T3k, T DA i — 5K
P PR A FAY AR 3, SRS M) 5 4
JIE 1) £ B HL 5 20 BRI T L 43T

SR ARG o AL Ao R A % B 1 R B SR
BOETRAR, R R TRE TnE  A 0, B
I il e T AEE S RGBT LT, 4
TP OAR S R T LUK H A e Ak
SCEL R T AS A I R A AR RV B R B O(dY)
F#A% 4 O (dpoly log(d)).

ARICJFEEN RGN : 45 2 0 BUR I T8
PEINEAG T R SE, 5 3 i R (i it
FRRA R T TR AT, 55 4 4T
SRS T 43 S 48 LRk AR i B0k X s [
SLREE, 5 5 AR, 5 6 FATRANIE.

2 ETHEEAGTHEEENE X

eI R A7 o ST P S AT A 3 ek [l
AT B A ok R A A R A L
3 3 0 S A B R G B AR P p B AR
AU AN 1 B i 2 TR T

BRAT 1) (A A 3 A R AL D 2R Mo
TR o

I d*-1 o
ﬂ:E‘f‘Z@](_ZS) £2;, (1)
i=1

. . | i 22 I S 44
O N | VA2 pia) E A | A2 e b
o i T T

}

{0}

|
|
| |
| | |
| | |
| | |
Dggggp | Ulzemsp| ]
BEEE L A 12
| | |
| | |
| | |
| | |

i) HHi2)

B1 ST M IR Al i 2 g T A
Fig. 1. Classical algorithm of quantum state tomography

via linear regression.
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Fig. 2. Concise process of the whole quantum algorithm.
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based on quantum state tomography via linear regression.
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Abstract

Recently, we try to answer the following question: what will happen to our life if quantum computers can
be physically realized. In this research, we explore the impact of quantum algorithms on the time complexity of
quantum state tomography based on the linear regression algorithm if quantum states can be efficiently
prepared by classical information and quantum algorithms can be implemented on quantum computers. By
studying current quantum algorithms based on quantum singular value decomposition (SVE) of calculating
matrix multiplication, solving linear equations and eigenvalue and eigenstate estimation and so on, we propose a
novel scheme to complete the mission of quantum state tomography. We show the calculation based on our
algorithm as an example at last. Although quantum state preparations and extra measurements are
indispensable in our quantum algorithm scheme compared with the existing classical algorithm, the time
complexity of quantum state tomography can be remarkably declined. For a quantum system with dimension d,
the entire quantum scheme can reduce the time complexity of quantum state tomography from O(d*) to
O(dpolylogd) when both the condition number k of related matrices and the reciprocal of precision ¢ are
O(polylogd), and quantum states of the same order O(d) can be simultaneously prepared. This is in contrast
to the observation that quantum algorithms can reduce the time complexity of quantum state tomography to
O(d?) when quantum states can not be efficiently prepared. In other words, the preparing of quantum states

efficiently has become a bottleneck constraining the quantum acceleration.
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