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Abstract Quantum computing is a new type of computing model that follows the laws of quantum
mechanics. By leveraging the characteristics of quantum entanglement and superposition, it can
theoretically achieve exponential acceleration of classical algorithms. The combination of quantum
computing and artificial intelligence may have a transformative impact on enhancing model repre-
sentation ability, accelerating and optimizing machine learning. It is expected to break through
the problems of poor interpretability and difficulty deriving optimal solutions in the field of artificial
intelligence. Quantum artificial intelligence has increasingly become a technological highland
that countries around the world compete for. More and more researchers have begun to explore a

breakthrough to help the development of artificial intelligence through quantum computing.
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Quantum machine learning is an important research area in the field of quantum artificial intelligence,
which combines the basic theory of quantum computing with the principles of machine learning.
It is expected to use the potential ‘quantum advantage’ to break through the problems that are
difficult to solve by classical algorithms and improve the computational efficiency of machine learning
models. With the rapid development of quantum computing hardware and software, the learning
advantages of noisy intermediate-scale quantum (NISQ) processors have been proved. Scholars
both domestically and internationally have successively proposed a series of quantum machine
learning methods to explore the innovative applications of quantum computing to help the development
of artificial intelligence technology. In the future, with the fault tolerance, generalization, and
large-scale development of quantum computing devices, the ‘quantum advantage’ of quantum
machine learning is expected to be fully explored, and then applied to engineering and industry,
bringing new transformations to the field of artificial intelligence. However, quantum machine
learning is still limited to algorithm optimization and lacks a theoretical framework at the system
level, and there are still many scientific problems to be solved. This paper systematically summarizes
and discusses the research progress of quantum machine learning algorithms, parameterized
quantum circuits, quantum neural networks, and hybrid quantum-classical frameworks for NISQ
processors both domestically and internationally. From the perspective of representing quantum
machine learning systems, the hierarchical model of quantum machine learning systems is
established, and the quantum machine learning schemes for various tasks are summarized. The
‘quantum advantage’ that quantum machine learning may reflect in improving the speed of classical
algorithms is analyzed. Then, according to the hierarchical structure of quantum machine learning
systems, the existing quantum machine learning methods are summarized and sorted out from the
three aspects of principle layer, calculation layer, and application layer. and the key problems and
solutions are systematically analyzed and discussed. Combined with the development characteristics
of quantum artificial intelligence in the current stage, the scientific problems and challenges faced
in the current field of quantum machine learning are analyzed from six aspects: the advantage
limitation of quantum machine learning, data coding, design and optimization of quantum neural
network, fault-tolerant quantum machine learning, security of quantum artificial intelligence, and
applications of quantum machine learning. Finally, the future development trends in this field are
analyzed and prospected.
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b B i RO Y Bl S L R i LR R I AT S
0% AP PRAT I B AT AR 2R AR T 2
ALy s i T 2R 0 608 BE 0 RN A JERE ) SRk R b E T
LA 2 S B PR ATAT 45 B A R . B e
P A 7 35 3 Ao BT i AR P T 2 2] SRS B
TR 2] TR B A
3.2.1 HREE

i1 HL s 2 A0 B K BE AT DL 2 RO
W] DU i TR . T R R A SRR
B R R T LA 2 2T e B 1 N T 48 BB
P B 2 TR AR Ry i A BRI i AL
o, R R R R T AR T T
FEIF N3 5 R 40 n] RE T 248 S0 ), A i # e
3R] LA 2ot i B AL AE 6 2% (Quantum Random
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Access Memory, QRAM) IS sk fig e | (H 53¢ %F T K%k
i ] 750 K 136 ) A 5 BEAR 12 1 A ACAR T L 5 A
ORI HE Bl 2 > BUHE A A A 5 e e DR Ut B W A
BT EARY TR A XX B A R A O
SR A A T e A 8 AR A T A S B
3B AT I8
3.2.2  HHE g Y
e FHLE b o T s R L AR A5 Ab
P28 MR L T AR T R G O & MU Sk —
B M RAETE 2, IF Bt — DA 28 i S8 e S 2
TR A g R W Ok i B
SEPAR O B A . H TR TR
BRI 1) L W ST T A5 DR KA e S5 R ey 285 0 o O
Fre FRTHE R g 1 07 20 RIS g 00 R
W 2 00O R A A R I 2 AR AT T
QR A0 I R 0 A O R A 2 L ek
PG A A Al 1 2 5 7 2 AR S xR Y
=g 07 AT 4
HE VG G B+ RIS i B o 28 M R LG R B
FOARS i — b BV . H K n LT
R o 28 5% 4 T8 1) W SR T LA SRR Ry
a>|x)=|v.) (6)
Horb o) @ A KA R 2 | P i — DI EES . X
ol G B 1 O s FE T W HL 2 T 58 B AE AL BT X — 3
il BHE S A L 7 i1 HG R BT R SRR NISQ 4b 4%
H T I 5 R A B R 8 R A
I W i B« 41 0 2 B 7T DA Ak PR S AR Y 8 i
B B R g i R PR 2R LT UG 1) R X T
BB N 4k 28 WA 2 3 1] 5 0 3R 20 2 Y Ik S 3
— [ log, N[ {35 F HeRE A AR 1 1 33 7

N
19\10:21,»\0 (7
i=1

Hoeb, () ) R A R E R 23 A i — 4 R RS
R g 2 K503 R AIE A 8 B AE Sy — A T 25 1 4 U
JN BRI % G M B R — (A [ [ 2=
Dol P =1, RE gD TR T LA ST iz s
FHUE 00 B 7 LU 5 (L33 b ke 5 5
5 T S S 3 A 2 Fek A B ) G TR B R 8 M L
FREBAMN IS IE R R E R A M S5 B T ARG
7] 4 52 35 I 5 .

£ 2 2T - A1 B2 25 B 308 o R TR B b WS 1]
S i T i A B 26 L3 L T 1) B A A 3 ol 0
FRRE. T —AKEN N MG o, L5
§ YEIREAE o KR TR RS § AT LA T TR R K L O
HEAT I 5 G

> ])=®  R(x)|0N) (8)

Horf R L P BCRE T H R RS 1] AT LU R,
TR RIS HFEIIM AR SH S, ¥ %
T B T L 5 D 2 BB AR 1 4 R R — B I
Ti AR SR — . B

K 22 BB T 25 4 5 J v A AT DLE S 7 BT A
ESRRFE T QIR ST S LS W Tk SN
(2500 2 E Bk E . T AR K755 %
I AR AR I LB 5 BLJG T L T 1 4t T LR 5 4
TEAERE I 22 5] DR i 7 25 46 0 5 1 6 3 U
CRAE LT RS R T TR RIS A BT RS )
BRI R R RGN . %3 M T B
1% 52 ) Bk 25 0 7 A R T LR L e ] A 2
JE I 2 WK 2R 1 0ot e G N 3 2
LR

x®3 EFSHEBEBAHEILL

ETELWIRIR T R B AT ] 25 MR 25 7
Basis encoding!160-161] O(N) i ik
Amplitude encoding! 160162 OlogN)) O(N) LAY
Angle encodingl!61-162] O(N) pUE s
Qsample encoding! 6] OlogN) 0N R
Wavelunction encoding!162] OogN) O(N) VLR
Hamiltonian evolution ansatz encoding'!® OlogN) O(N) S0

3.2.3 LRI

T HLE A T BT Y 2R BT S IR Y
TN T RE 400 388 o $A 1 A R 5 7 1) 0 G 4R
VTR T B R M A R ) B 2 R . AR SORE B A L
Fi AR Pk 1 T WL 2 ) R B B 7 L LU N R
S K TAERHES %,

AR Oy AR SR AR A AR oy i T AR E SR R A

(Variational Quantum FEigensolver, VQE) J& — Ff
TR ETREILSRER M & T HLé 7 L
B Z TRz N T AR A I B A A
VQE BYIEAAT 55 J2& il % S B i i 725 9 (0)) I
fhTE 28 8 4y 7 B IO B H OSSR Y
Hrp #7819 T S8 F LB A . 16
XA AR R R 2 e kR S — A
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E={p@ | H[¢©)) (9 N AETE 2o 230 5 St 1 i1 48 0O 248 T A2 7 1Y) 3200 1

M RAE E fe/N L o3 T HOR B H TRl
T RASRE R . 1 VQE MyBCit v i e 5 i i
HEAT A I8 ] B I AL AT AR
G I AU EAE G & F SRS E R
EEREBLRL F AR RE . VQE B T4 i &
LA TS 5 7 IR IR TR CNOT 7]
M. BT VQE 8 k& & B IR BN, B
IAA T NISQ 8 £ fif DR S B [7] A5 1) AL 1B 4200

HIHAMMAEE R THAE AR E K
RN TN AN HUN S TEY N Y=g 2|
B DUk 0] ) 1 AL 2% ) R s v R AR 1 R
& 7 AL B (Quantum Approximate Optimi-
zation Algorithm, QAOA), # T Z I\ N B 1 1E
NISQ b bl L% . QAOA By LA %
S LA ) B A R 52 2 i 3 i B L AR
FH B 1AL T 432 i 8 0 Y SR KR AT A5
P . XA AR ) A o 7E TR
PLESAT 5 T2 8%, AT ITH 0 B 1 R G0 0 % i i
B RINE AT 55, o 7 5E e % 0 Y 0 B E L
TR H S AR N P 5 Ul 5 R
S RO B AR R T RGN

A TR 28 R 2% . 2 B B 22 0 245 G R
BRZ AL )2 5 — RG0S [A] () R AL 31 )2 58 45 4
et N R EI KB AR SRR a3 W i
(] P s 0 2 5 4 TR S R AR A iz Ak
RE 5% 2 BT . BT UM 2 N 2% [a) A 2L # i Bk
KEEVERT B —Fh 32 & MG M & I 25 )5 & TR
TS LR E I B, i I F S AU TN
GRE L Z e E 2SN, & FERME
PO £ v (18 A5 FRUZ 30 |l I AT S B0l 10U T LR
F AL DL RS AR 14 05 2S5 A T T AH 4B Y — X i
T EORE S T AR 2 B X —EB A 1 i R AT R
D, L5 2 ] B 0 A 4R & LA I T e . T
A TGN — RIEZ 5 A0 )2 iS5 3] 2 92 /),
LS A — D& AR R Z e
i 3 0 A LR A B 2 T B 4
Ko |mT BB bR ERZE 502 H
B E B X EWE X T N & IR A S 28
155 & T RTFEE O (og (N)) 12 B
HT BRI AR IEL MR A T AR P& T
I A2 T B R RO I R E R B R
PR FEAUAATE AR )2 5 B0 T & 1 45 LR 28 R 2%

JEASO » PRI I I B0 B £ I8 5 801 R g ) i T
TR 228 o 2 413 SR 38
WAL AEALES A T P R 2 RN
Rk 1 K i e S 380 T ey T & 0 KR 4 B A R IR A5 )
o R IE R ARG 5 T o . I B AT
2 HI3E S REAE 23 R] 1 A B S 1] Sk R A i) s ) R
T e FH R SCPE S0 i A8 e (0 % R B0k e AT
W 2B S8 F R 5% 07 1 B 2 iy i
B P AR B A RO HE R P A7 AR R AR 4 3] 5 4
(B S5 5 R 7 )17 L AT LACKE S Bk TR
M —A B RN = R 5. SEGRLEE 2
AN B ITE R R R T R e R
TAAE N HAAG BB LI 4 R G I
SR S L (A R0T sl B L A
B W 3 = 2 5 2% 1 A R AR R A ) AT e
B PT DAVE T S AR R 2 2] A R MR L R T
J5 ik S o TS R AR 2 U o
F) 20 1L S A 368 20 R B o R T 2 2 ) R R AE e
5t (1o) fr s .
2 (2))=U,(2)]0-0) (10)
Horpr, g AR MBI 25 8] 2 76 A JR A0 5 4 1) L i 4R
FEBR S s U, R BRAE i A LR 1 38 i 0 S S b A7 i
T A SR T RIE G . TR R RO R
SRR A3 () b e B i) 2 O BSCHE o 2 ) Y N AR
WM AD PR,
Kz = ($Cx) | $(x)) | an
W98 KB R A3l 1) kA% R SRR A 1T LA
i LA = S B RAG B EAF i FRA R T . BN, e
AR (g [ ¢ (o) ME R TR REL | (x|
¢ () PHAE N DL L 2 2 kg 2 B 2 )
PRAZE, 2 P B LB AT R R U (D)
U, Ca) W81 SR 1 X 1 0E A7 SR A S 1T LUK 1
D) i o A% R B, 1 T LA SR 1) o ALY O ik
XF BHE AT 026 .
SRR S 8% 64 R A (Parameter-
ized Boson Sampling, PBS) 2 — Fiif o #4 8 = 5 b
AR A 2 U B X ER T B R T
Bl I %8 o B RFEVE N — K7 & 7Ol 2 4 I
Hh LA AF S IR A [R] R — b 5 4 JC TR i 2R 1
e PPN, PBS BRI AR B SO 1 e
FA AR T BDEE [ 00 0 | 1) il 36 B Bl P AR
P AN B 077 1 T A g 5 SR 5 6 = 4kt
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HOURE G AT U o i [5G 1 5 A B A 4 2
Ay ER 2 S Bk & LR 3 A5 4 A S A A
ANFZER A G s a2 R i i 15 B
15 5 25 W ) TR . PBS AR B 0 12 iR T B 8
Pl TR b B RS AR B 0 4 A R B A R AR
JH 2 K5 S 1 01 238 A — A3 238 58 4 B Ak 5 b — AN B
T 43 SR A 1A P 6 9 41 3 5 2 3 80 T A
SOl S T e o (TR G SRR > % £ 7771 % 7
¥ JE TR OGAE AR RS A 4 R0 A SR AR 1 AR e 1y
S Tl R TG TR I Al AT AN S B T R P T 5
T U BBAME., ESHME TFLREEIT P AT »
PN EEFU BT USRI Z S HRZ R
TEFRFHA &= 7 L i & 11T R AL, (R AT A1,
PBS B i 9 P 5 1 Ut nl LA 4 o 24 B M 4%
MR A A, PBS Bl &g — 2 S8+
2R 1% 1) [ A 95 W A A — A /N R ) L 3 K R 2
WA D S B A R A R AR TR
AL HETET B R AR ROR . il — A
d JZ m A ) S B HEECR AR, — 28 ]
E5 md MMM (n— 1) d MR, S50 R
WA (3m—1)d A7, 2021 4F, Shi 28 AN sz 3t
T F PBS KR 5% 5 bR B 1Y BT HLES 2 T AT
% AR S B P B I Zrad 72 L #2073
T BE A P4k DA A B B B R R S ST
5 PR 3% 0 SR R 5 i v 5T oA BN A I PRS2 2D AT 5
2022 4, Shankar % A7 ST BT 7E B0F B 4R
WG — A S T 2R B 10 B (0 SR R R 5k 7
BAHAL Y B
e 85 T o 2R I 2 2 W A ) I — 2R A
RGN R T AL 2 Bt Wiebe
ENTE 2014 AR L WA A4 2] O vk RE S R
RGE AL E] o S ELA R E R ) B R
&5, I [ B A S X (12) fr s
t=|H(x)—H&) ||} (12)
Hop 2802 o DA i e 5 R H ()
I H (") A F A DIR[0 1 0 500 5 . 76 2014
A T HE B N U A 2 AR v R B R AR A U
30T I 0 U0 A A 11 o AL HE T A A8« TS AT
HFAMMA T EIEE T, /£ SWAP [J/EH
T G AT B LR B AR A (54T i TR M B R
[vi) IS o 5 G065 B [RD R A7 Ak . B Gl i T
R B T A T R G B AL R AL 0 R A F
Wi T ARG, TR, ES B bE FLREHEARY
P RR J , Shi &8 AU AR T S 8000 G B i T

L2 2] Dy ¥R IR BT R N Y T B P
FPRTE B I N O (n logn) (& O (n) , I8 2 %
IR T RSB 2 % 52 % B ) s R T3 O vk i e T A
By #2023 4, Wang 58 NNV T —Fh 3
TR B - 2 MUY A e 8 2 o) S R T
Bl A L AU AL T 5 R G SR eR R ) S B
TR T 3 LA BT RS T BB
it
3.2.4 itk Irst

T8 F AL 2 > b A SR T T 38 2 8k
LT R AT 252 8 AT i T AL A AR ) B
RE A% 27 ) SR 1 BRI, O T RICH b o6 BOC
TLRBS AL . 2 80T % WE W (Parameter Shift
Rule) #i H % e g —Fh )12 ff Fi 0 S gt 7o et
ERAMARE D ERERMAIER HRIKE N
Kl . XA RTE RS & RSP AR
o o) - 2k B 1Y e 0 B (R R AT P A 1 AT LA
S8 AP SR — AR F% . BRI 2 Ah AL a2
RN B RS EEYTY L L-BFGS 35N [ Adam
SRR R R B IET SR HORTH
MIRACSE . BB EE T O B B A I oAb B30l
T 4 100 2% R ECR 66 B2 O 1) 306 4T 2 B RT , DA D 3
KRB E . EHORE R R — TR AR R AR
PRI AR AL A, ] LR T U0 AR R e 1 o5
oo RHEC TS AR BT Rk, SRR TR RE AR B IR
b TSI f A0 A o T ELAS 5 B A A R S B R T =
L-BFGS & #: (Limited memory-Broyden Fletcher
Goldfarb Shanno) & —Ff 3t F BFGS 3% i) L fb &
2, H A ER R R SRR A BR AR 1y R E R
KA AL T 55 P FE B 4 (Hessian Matrix) , M fij 75 25
(] A S ] AR b BEGS BE i &, Adam 82
(Adaptive Moment Estimation) J& —Ff [ 1 W 2% >
R ACTRE L 32 2 AR MR B R 1 — B R A
TR Z WAl T2k B 3 0 ) A 2] 32, DT B 4
HiE AN R S8 AR AL, iR R BRI B A
PG5 s 2 MR B2 R R AR AR R AR 25 5 iR
Hi AR 0 X S 2 A R Y T ORI T T
TE 52 2% 1 e A B 1 O A6 T P AR O
(7] P G A 7 12 AR A 4 A ) i DG 3 3 7 4 BB e T 5
ey Bk 5. EBUER L R Adam %
PSR W] DAE e b 58 AR Ak L AR R 2 S
TR Ok B 28 22 S ST LM LABEDL 9 2 Bt i+
TER BRI S HOT RS HE W 5 SR s H SR o — A
FIH L
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3.3 AR

N2 SR LR 2 S R 2R AR ) )2
T HA, A NISQ Ab #2881 2 T #L 85 2% > v #
T BV ALFE A W) Al R0 4 @iore 9 G 224 SR
3.3.1 ®TAEYITE

AW T AT DU T S R A X AR A 4
BB KA T CUn 8 1 DNA 258) [l 45 # i 17k &
BRI, AR mIR R P EEN ST
Z— s Hoar S5 RN T g 0 58 0 T AR AR ) o i
FEAEENE X, BT
T A B P S A5 A L DL S B H R 25 e
MELL T2 N TR RBEEAEY 7 T 1R S . Cheng 4
NS SCRE O 7 1 RN T AL A T
R )2 R Y IR 5 iR AT DL AE b D
TEE AN 7 B 1) ) s s PR R AL 5 07 1 AH Y
F14) TR 5 AN T BE 7 O BIF S AR BT A5 R A B fE 4R
HETHMMN TR, T 0] DLl i b B R
05 13 Iy RS L T T A R
DN R g = B U = 2 N NI 3 v = 4 4 1 el
HAZ G 1) 43 ¥ 20 J) 2F AU T P e L OF AT AT 4f
MRS RO A 11 T B 25 A B A AT R . TE B AT A T,
P HLER 2 AT DL R B DNA FI RNA (1) = 4
SEA NPT B R AS L X 0 F PR A Ik R 2% 8 R 4R R
HE, B GE A B K B 4 3 ) 2E B R
SR i T HLER 2 2 AT DU AU 40 25 DNA
A RNA 1478 BUEEFIHL ] I B8 98 3000 A 7] 4% 14
TS REMNEIT . EET AT RER
MR & AR 4 T AEWAT I ST AT
2 8 J1 IR HES AR Ol 3 B R R
3.3.2 MG TiIHH

Ry S I QI 3 R R o il = A B
DAFR 5 43 R0 R B R0 O T s A L R
IR TR R AR — R A
(4 Ji 0 B AT R R DAL AL S e v T i . T
Bl 27 2 T LAl 27 2] 3 5 e Ak s S i KR8 L AR
I H R SRR SRR IO e AR 2 s A 2 Ak
A, Wieder 8 AW T —Fh kR 2 FHLE 2%
2Tk T ] DK — R85 S E T2
AU BT A B AR R F g ok B AR T SR 5
I 75 2 1 [ Hh B B X X S SRR R BT R A
— H ARG S A 400 4 B8 oR 25, 350 TT LA T 5k 26 o 5K
SR T A 43 19 8RR O HE e AT A 46 Sk A
TR T G A VS R R AR A AR B AR . %
T3 VA BAEARLRE 27 Ak 2 R A W o A S A DA

N 5 BB 9E & 0 i s e A Ak N . e T
5SS T 43 1 ) B AR A I AR A R
B, BTG AT LA T Y
FL 25 R R 2% B A 30 T S0 43 1 M oL O 2
VI A AERR LD Xia ZE AT B R T LR R
M T FR B i E b R MR T
THEA B L ke in e - 25 48 TSR Y O i X R O i
DL B S B ARG TR L A T
FRORG BE A /NI 5 22 . A AT B AIF 5 R e W o
TR MMLER 2 2 FEAR MG A 7T AR T 45031
O 5 QBN S IR BT R AR T AR U 1 3 TR AR AR
BRSO A BoAA 8 L, fiE iR
SN TS E A 9K A TPl de 7 T TE A2
53 SR U O 2 Ok BT
3.3.3  [mAEY LSBT

151 BB 4 B S 00 kL T AR A S 7 AR R R
B i 6T R R 0 0 B RN SRR AE 4 O 1% 90
B—HLOREIE W EZERRZ —. &% IH
25 MRS Bl LR B TR O K
(1) 52 A% A JR AR e 25 [] 7 o |1 R AE RE 7 K 38 5 155 fE
Y BRBCHR 3 A B MEfE . Terashi 48 NS i T —
A M 1 o AL AR 2 ) SRR AE = AR A B 4 BT
R PERE R I GE B T R AL AR 2 T 7E S BE A B 4
R R AT AT . Wou AR NN R S R
] i HLAE IBM () B 400 2% 5 88 1 B 58 5 1 A 3 )
() R B it~ %f f8 LA B0 A AT 55 L R T &2 AL
ALY I E L HAXME S5 E RN
AE T JF %) 5 Pl g 2 > 76 R R T & A 4% 07 3 68 1
B A A A Y S A Ty B AT TR
A ABATTXT 5 R B POk TS FUIR ST B T LR 2
ORI i AT T ST . Chen 28 M $E
T R T R B R T S AR A
2 TP AERBAIN R T BUAR T L 28 S B 4 ) 4 T
DB 2 T SR Ok B2 . H RTR TR LR R
T 5 BE ) FHLAH I8 1) oy P R 43 3 15 B8 e A 3O 1A%
TR TE L 2 A5 5 BE & A DR PE R i — 2P iR
AN HES AR LR PR Fi#EAR IR
BLEAT 27 2 805 AT & L, AT RE & 45 = e i B8
3 A T B 6 PR RE
3.3.4 HTF4

WL T T Rl ) i R S A
FEFIHH RN L 25 G PLd 2% ) B0 R i e 42
il 5T P — S S LA TR, A 4 XU R
1] s T2 T AILA5 2% > AT LG 3 % 4 il 50 19 R R AR 4
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T R AR, B (AL B 9 6 0 g 2 A XU Al R S
B A A U P A ) SR A R AT b B
HVEL 1 B A W] DLAE 4 32 25 () v bR 3 4% 3 S5 AR
e, i, mTRLR) R T LA 2 2T SR Ok 4
WG WPk L JF AT 0 L DT B A b PR AR B2
(XK . El Bouchti &8 A fff Fi 5 7 i 48 ) 4% 1%
TE T T 4 Rl XU B D AT R A 2 R
R SR B S R A A Y SE B O R T H R g Ty
T2 S T T R . E S RE A G AR DT L oE g
T HLARF 2 Bk AT LUK R R %) 4 il Bl ik 1y
3 AT R L Bk SO o R g R A% 5 2 A A O
W AT DX 889 A G 1) 20 R MR U EA TR AL L DA
ARAT B Ry AR B I . 40T AH A G A 4 40 de
—AEEM R, HH R R - HEBE RS D
AN R - 52 BT IR 25 o 12 ) AGE U B B K o
R R =2 S R NS B s W N B R N R e e
T AR [ A fEK . s FHldrs S BERA
FEATPEFNFE B 1 R P ] DS PR i e X A 1)
5. Kerenidis 28 AP0 42 1 45 3 FH Grover 18 &4
B R E AL 3 (Quantum Amplitude Estimation)
B T o 1 BR OR ik e 80 2 B A R) AL 5 O
e BTG S M. SERR 45 R KRB, X e i
TR AT DL TR SR Y I ) P 4R B 4 A A 0 B
fift s T2 35 T 4 Al B B8 R Al 25 . & T AL
S TE A R BB R 1, v Do gt A
& AL T 5 R AT O R R A
3.3.5 IEHE

AL I TR LA S 5 1 0 AR )T
2 AT T G AL B0 E AR AR | G 4y 280
AT . T ERAL BREOR @ i 5 1 A8 B i P i
e FRAEFIAL # G AT LU B R R AT A A B &
M B i SRR IR T DL IEAT I SR AG T AR
PR AR AR MR A 28 05 T, B LA A ) Bk
A B 2 A 0 A R AE 2 [ P R BT 2 (R L
Kk, Nguyen % AP T —F Bt T it 7 BIE %
TN R HLER A T O R LR R OR R R
Je A B R 2R 2% v R AT U 2R DL AT A
B KT S5, Li AR I T — R R TR TR
B AU 22 W0 2% 1Y TER U 5 ¥ T IR AR S IR
FEAG R 22 W 25 1) H R e g i o & 1 L & T
FORR R AL PR KGR Bl R A B TSl B AT IR A
e, AE# AE S 5 ik 7% O A MINIST Al
Fashion-MNIST ¥4 % F i PERE , 25 R R B i TR
J3E 4 Rl 22 1) 26 T Ak PR RTR 03 264 55 05 T L 42 3

TR 25 0 4 3 B A o 4 (0 PR L OF FL7E B TSR AL
ST RN SR RN e v R R T R
TR P55 45 AR B 28 0 2% 7 J1 A A 305 3581 1 Il 1 P i
o Hur 8 NP 5050 R T W 5 H A 19 A0 AR
MR TRTERM M EmET — N ER 28,
FEAE S50 o e AR AR LI 2R 55 08 T Al AT] e 48 o1 19
QCNN %3] B AL T CNN AL, e 4h, & 745 i
XF 40 R0 28 A Dy — i B A A SRR Y 1 AR A L
HRZ BN T TIZ M ESE U AT AL U A
2 TR R . Zhou & AR T —FhaE o) B
PR3 A B0 e BIL A 27 >0 2B ORI 2 458 A, 2 A5 Al
K AR o i TR PR AR b AR A . U B B LAk ok
2 2] 43 A eRE B I TR T I A 43 T 2R I i A 48 i
P2 2% v R TR £ i - 2 M E S AE R DA fif
754 A T LA ] B ) 4 o i T R R AT A
2. LR, 5% G0 X BB R 25 R AH EE L
I HIL 2 2T AR R ) 4 7 AR AR BT TR B
BEGF, A R R 0 v B L 2 FE Ak 9 BLZE I 2R A
W IR E .
3.3.6 HAREF LM

L I AT LA T R LAk i S A
DABE R H SR IE T AL BT 55 10 o o o5 R sl R
(IR = e N Vs s o TR A E R R i AN £ B2 =0 o K/
Ak - 465 2 1] B8 S e 3 5 4 [ e g ) i R,
Shi &8 N0 g AR R 45 I 28 1y T 9] i)
I RAEFIAL B Ay, I 25 5 28 MO A% 2 ) B R A
HARIE S AL Ty 5, 58 B T SCA NG G S 4y R AT
% . Zhang S NPAR T — B3 5 A b R 45
()1 1 SRR T 58 e R i B i 1Y 5 v DU
RN AT s a3 ) T AR R0 I 5 R B B UE T %
T3 VR AR B R S R R B RYSRARIERE Sy . i
TR 2D 58 T A B SCAR 4 AT 55 R 48 BB ik
AH B s B 530k AT DUAE 5 0 %) I () PN 58 1 5 A AR
YN 25 FHERE . 6] 1, Shah 28 A5 4R T —Fh R
T2 8] B 4 B 246 ofc Ab 3 SCA B S 6 N A
BRI SCA G AT 55 Il o SE IR T i A ] A A
TR 28 J5 108 24 B0 46 1 4y 2 vk e I AR T A%
B 1) SCAS G328 7 0 R0 LAt 35 T L b 8 I 4% 1 T
HASCERM TR LS AR R A T . BT
BLas 2 ) 3k 1 4b BEHL A% B AT 55 . Abbaszade
SE NS B XL GE B SRS T AL R 5 1k A Ak B R A
TEORH R I AT A8 T I 1 T B R KRR I A ) R 4
BT AT R A AL g B L AT R
I PR R R BT A L R T T T ERE AT
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FAL GE T ik 2 O HO R A B I 37 Ak el S 1k
Bk 1R A ARTE AL PR TE B A8 g A
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4 EFHSEFINEHRFERAS
REBES

T HLAR A T & — A A 52 06 Y T S
AR Y H M AV 2R R R O FRATTAE BL A
Bl 5] X FRATTIN Ay 1 5t - AL 2 > S5 2 iy T T I
(18 P et B A Rk 1) R DA B R R R Ak A T I8
4.1 EFNHIZIHRERR
411 BRI R

T T LA 1) 4 N B A TR ATk
L b 2 3L 5335 I R 10 98 B0 s a8 R AR R AR
LI 0 15 L 3109 25 44 19 Shor 5357 AT Grover 5
U EAE B L UE e T X R AT 45 43 R 22
B T BRI 4 B N 22 X ) K i B
P IR XA R RSE T W
WFoE . HATMITZ a0 2 S kM b T a5
2 0 B () 52 2 B A 22 1 X sk vk 22 0 g Y AR
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faced by the field of quantum machine learning based on the
development characteristics of quantum artificial intelligence
at the current stage and analyze the future development
trends in this area. It holds significant importance in promo-
ting the deployment of quantum science and technology
development strategy in China.
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