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B 1 (a) BEBOSEEEFA75E, B2k B SCHR [22]; (b) 3% ZEa a5 14758, B R 2k B SCik (23]

Fig. 1. (a) Discrete-time quantum walks, the picture is reproduced from the Ref. [22]; (b) continuous-time quantum walks, the pic-

ture is reproduced from the Ref. [23].
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Fig. 2. Different integrated optical quantum platforms: (a) Silicon-on-insulator platform, the picture is reproduced from the Ref. [40];

(b) silica-on-silicon platform, the picture is reproduced from the Ref.

[41]; (c) femtosecond laser direct writing platform, the picture

is reproduced from the Ref. [42]; (d) UV direct writing platform, the picture is reproduced from the Ref. [43].
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S, YA 558 T i 88 /il H A g
B AT G REGOK S AL B, Hrp R —N 4 oA AR
AT D i PR i i AR, DTSR[] R I
HATHRAR. BT XA AR IRES, AT T3
B3 Bh i AL R L DL S e A T B O 1) &R
) “quantum goldilocks” ML, X A5 #E
TR P S PR T g A L 2 2 S P i AL S 5
EE S S=)

SRUETE P BRI A] e R E AN Ak B3
TR, (HA5 45 T = 4EHlE R WOt E
HHEARAFTAE e P 9 F iRm0k &
HABHFFIE. Owens 55 POLAE 2011 4E0F5E T MR
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F A B P LS H AR TE = 40 B Rl ot b
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T R, T R RRAE A f SR Pt st i) _E- AN
AL X3 FIA] DX 0 B BOG i A S 2Z 8] 1 B i 2 5
TR FFE AL 25 5 55 S 0025 A b g X I T AR
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Sansoni 4 P9 BF5Y T [l B9 kL 48 3 (B (0
T HBKF) M B R F AT E S R . PF5
0 D P 2 A A0, T S A ELE B €5 R 2
KA B R AN S RARIE . S5 v R AN
HEFEARGIAT kS B A8 8 =4k LA
GhR. S ESSHIINE 3(c) R, n] S EURS B G D
P T RAT A, [RVEE SUARAE T X AH A7 F0 - £ 1 1
.

Poulios 45 P7) [A]FEff F CAP IO B S H AR 1
BT T A, JRFER 3(d) H i < g R A
TR F RE Gl AR R
P S R B T IR R B BT,
LG FATERLTAE <57 S5 8 Z 8] Y 5 SCHR

FIFELERE PN FR R 20 37

Tang %5 8 Fi| 6 i1 5 B 5] 19 JLART &5 #) 52 31
T BRI i 22 B A TAE S WS
RN S FAR M T — R = 4k
F2ER, E 4 FoR, IR R T EER T —A
THETT A S AR RO IR 49 x 49 . AT FH TR
PEBE TR F R E AR R T 250 L 4k i
FATEMIEALEE R 18 s 17 R saE AL
BRIy 2253 A5 40 T FAR SRR, SE i S
BAUSERAAY) 5. Tang % P i — DMl T — 4k
FATEARF— et T E AR ST FX
TWFFE S A B AT P i, AR 2 B T R
TP in) SR AL TR R 2.

B3 RABFEME (a) BT, BR A SR [53]; (b) MBI 5 M5, 1Bk A SCHK [55); () =4k 5454, 2k A 3¢

1K [56]; (d) “+77 PRSI, R SR [57).

Fig. 3. Different waveguide structures: (a) One-dimensional waveguide array, the picture is reproduced from the Ref. [53]; (b) ellipt-

ical waveguide array, the picture is reproduced from the Ref. [55]; (c) three-dimensional waveguide structure, the picture is repro-

duced from the Ref. [56]; (d) “cross” waveguide array, the picture is reproduced from the Ref. [57].

0.8

\ = Horizontal
0.6 ) # Vertical

0

8 12 16 20 24 28 32
Waveguide spacing/pm

B4 TR B e R AR, Bk A Sk (58]

Fig. 4. Two-dimensional quantum walks on a photonic chip, the picture is reproduced from the Ref. [58].
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APD array Electrical ~
X 38 wire
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!Hll-l

Y fE T AT 5 . R 1150k [59]

Fig. 5. Two-dimensional quantum walks of correlated photons, the picture is reproduced from the Ref. [59].

(b)

2D lattice

Correlated
photon pairs

'y
o2 5°
~ &
P @

Polarization state
i coupling

M

Bl6 AR RAE BN A

B AERE, IR A SCHR [60]

Fig. 6. Using polarization as an additional synthetic dimension. The picture is reproduced from the Ref. [60].
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P FAHESRF, WA 6 Frs. il BAT R E W
P 5 52 2% I T L PO T R A TE] ) pl RE R
P& A IR A TEHI LA BLG iR R, ST
5 =Y AR HIIOR Bl D12 2S5 TR AR

2% | R A Y A T 2R AR
SRR, I H N — I R PR T8l 12 SR
HFE T A TR N AT T

3 EAOLE TR
3.1 ETFEFITEMEEFINA

WETSCEE RN, B FATEE N —FEE T,
TEAE) S W BREE | 220 RO LA S AR 2 4,
FREA Tz N AT 5, AT DASEEAS [A] i9 1 0A 0k
FISAL it i 161641,

Kendon Fll Tamon!®! /48 1 A FRIE I & F17
A Th Y 5E L BAL . W5 R FHANTS 2R a8 1k 5h
BEEHI AR TR, Dl 1At If
DT IR R AR, e TR E Y
ERRDEAEER. WE 7R, SCEER RS RE
T R BENE Wn RN, SR HAER B )%
RSP (exciton) R ROR AR TEIR KRR
B FRERAIA. ik, Mohseni 45 66 #2437 — A4~
WHEZEH T 58 &+ TR0 7F 5 #as +H B4R H
15 FES M Re R 2 1 e, SR
TOLEERS TR REAR L. Gamble 55 (7
DU DA P [ TR) R i e, AF5E T 3R R 18 0 1Y
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Excitons  Sites

(SR

=N Wk Ot
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K7 AT E M TREDEE R b iR e R 7, 1812k B STk (6]
Fig. 7. Quantum walks in photosynthetic energy transfer, the picture is reproduced from the Ref. [66].

i TRl TR 2 A0, SClim TR —
HiEgE FIHANREZ HR, 78 2009 4, Childs®)
SERE R Tl A A T Sk S B TR
L. ARFIERN LRI TAET, Feynman? &
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ST S AR, OB R R A SR L
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3.2 WEREFEREFHEN
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Fri ALY (quantum advantage), WHTFR A &
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Fig. 8. Nand tree problem, the picture is reproduced from the Ref. [73].
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SPECIAL TOPIC —Recent advances in hardware, algorithms and software of
quantum computers

Research progress of integrated optical quantum computing”
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Abstract

Quantum computing, based on the inherent superposition and entanglement properties of quantum states,
can break through the limits of classical computing power. However, under the present technical conditions, the
number of qubits that can be manipulated is still limited. In addition, the preparation of high-precision
quantum gates and additional quantum error correction systems requires more auxiliary bits, which leads to
extra cost. Therefore, it seems to be a long-term goal to realize a universal fault-tolerant quantum computer.

The development of analog quantum computing is a transition path that can be used to simulate many-
body physics problems. Quantum walk, as the quantum counterpart of classical random walks, is a research
hotspot in analog quantum computing. Owing to the unique quantum superposition characteristics, quantum
walk exhibits the ballistic transport properties of outward diffusion, so quantum walk provides acceleration in
computing power for various algorithms. Based on quantum walk, different computing models are derived to
deal with practical physical problems in different fields, such as biology, physics, economics, and computer
science.

A large number of technical routes are devoted to the experiments on realizing quantum walk, including
optical fiber networks, superconducting systems, nuclear magnetic resonance systems, and trapped ion atom
systems. Among these routes, photons are considered as the reliable information carriers in the experiments on
quantum walking due to their controllability, long coherence time. and fast speed.

Therefore, in this review, we focus on different quantum walk theories and experimental implementations in
optical versions, such as traditional optical platforms, optical fiber platforms, and integrated optical quantum
platform. In recent years, the rapid development of integrated optical quantum platforms has driven the
experiments on quantum walk to move towards the stage of integration and miniaturization, and at the same
time, the experimental scale and the number of qubits have gradually increased.

To this end, we summarize the technological progress of integrated optical quantum computing, including
various integrated optical quantum experimental platforms and their applications. Secondly, we specifically
discuss the experiment on quantum walk and practical applications based on integrated optical quantum
platforms. Finally, we briefly describe other quantum algorithms and corresponding experimental

implementations.
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These quantum computing schemes provide computational speedups for specific physical problems. In the
future, with the further development of integrated optical quantum technology, along with the increase in the
number of controllable qubits and the realization of the supporting quantum error correction system, a larger-
scale many-body physical system can be constructed to further expand these algorithms and move towards the

field of optical quantum computing, a new stage.
Keywords: integrated optical quantum computing, quantum walks, quantum algorithms, quantum advantage
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