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Abstract

Quantum Federated Learning (QFL) is an emerging interdisciplinary field that integrates quantum
computing with federated learning. It aims to leverage quantum properties such as superposition
and entanglement to address core challenges in distributed machine learning including data pri-
vacy, computational efficiency, and model performance. This paper first outlines the background
and core definition of QFL, which enables multiple quantum clients to collaboratively train a shared
quantum model while preserving data privacy. Subsequently, we systematically review existing
technical frameworks and taxonomies from five dimensions: federation architecture, networking
topology, communication schemes, optimization techniques, and security mechanisms. Further-
more, we focus on surveying its application practices and performance advantages in critical do-
mains such as healthcare, Internet of Things (I0T) & intelligent vehicular networks, satellite net-
works, and the metaverse. This paper provides an in-depth analysis of the current major challenges,
including hardware limitations and noise, system and data heterogeneity, communication over-
head, and security and privacy threats. Finally, we prospect future research directions such as quan-
tum error mitigation, personalized training, robust aggregation algorithms, and standardized eval-
uation benchmarks, offering a systematic reference for the continued development of this burgeon-
ing field.
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Table 1. Comparison of representative optimization algorithms for quantum federated learning

F 1. ETHAFE INRMMAEIALR
T HE4

o BoLEA B (S P RSB B R R b

BRE T ERBE IR T Fisher (SEA0E, ERT JROBAKSTERLEE M B IECEA%
T SR8 LR 3T B D Kok PN

o by TR BRSO 3, SRR R
NN I E| R AU MR R

NATEE QFL AR AR AN, (B R BURACR A LT
tEa BT CRIE R RS R R L AT B

9 NAGIKA ik

BREETY G U T T AT AL . AT AR

FERE T PR

A1 R T JURRER R QFL ARASEIE . SR IZ T IR AN f FE (U SEAR AL SIN e | 1 R
BRRIEREE FRe R AR )T TR, (AIHAE NISQ RHARM SERR R U T IGAR A MERI 2. E o, B
PR RS FEIPR A EARREERTT SR BE . B S QNN (UM REIREE B2 BT IR A B2 “ STRs g IR ]

DOI: 10.12677/csa.2026.166208 55 HEHUR 5 R


https://doi.org/10.12677/csa.2026.166208

ot

M

S

%

RRAT RE AT U AL SR IO SR AR IR KE . L0, DRAL AN A . AT WF 70 2 48 017 RO BRI A e 75 (R h s
iE, SRZAEESE. RMRETRAHER LRSI . AR R BT B2 BRI, AR
HEZEHREMEOR KBS, LA o5 7 A BT A OB v AL PP 2 v

FRTHEE SRR QFL E ML IR . AMALEEN=AREATF: —REUHTENAGET
DU R L5 P R SRR (IR AR BB EE ), AARAS Ll IRt — 2 et BE R, AR B A R
R, KRR LR BOSH  SCHEms s =Rt SR A RN, a4 R B R S e AR A I
A o IXEETIIRAE R B R TIAE IR, (AT LA S, T B R TR
LRGeS A S S E P o S T

3.2. RFASREEEE

QFL JE it 45 & & T s RR M I B0 2 SRS, SR o sl oK I B Rh 22 A f B[ 22]

(1) BEEFWEWI: &0l DU INE B “ B0 & THEE KR4 KN & T IR ST I 25,
%5 B HAT T AR TCIEAR RO N B . SR R A AR, S 5 A T B AL R AP R A S 4
A7 HIS SEA 23],

(2) BETENER: ERBTH RN ST S Gl 8 2 0 B E ), DA A0 DR IEHR AR R 01
HAERAIGE MR/, BMEBGEE A &R R J1[24].

Q) ETHAEMEESRERE: &4 5ETREME, VARS8 0 INE P58 T3 BT R G 83IE
[25].

@) ETFEHAMR: HTNEE PSR aw 2 maiaEEE, REHs R 2 aEmssns K,
HRARA R (1 B X [ 15]

VU 25 22 A= HL R LG A BT 2 2 BT

Table 2. Comparison of security and privacy enhancement techniques for quantum federated learning
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