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Abstract

In recent years, the digital economy has greatly promoted the development of online trade trans-
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actions. As a distributed machine learning paradigm, federated learning technology can help dis-
tributed nodes in the network to conduct trade cooperation. However, there is information asym-
metry between distributed nodes and cloud servers. The existing related schemes about federated
learning scenarios have the problem of inaccurate interaction model construction, which makes it
difficult for cloud servers to choose the optimal delegation strategy. The proposed method models
federated learning based on the signal game model, and analyzes the problem of participant inte-
raction in this scenario. Firstly, the rational hypothesis of the participants is carried out, and the
game elements such as the set of participants, the action space and the payment function are de-
fined. Secondly, the behavior-belief system is introduced to construct the signal game model be-
tween the server and the user. Finally, by sequential rationality and sequential consistency, it is
proved that the game has sequential equilibrium, and the optimal delegation strategy of the server
for different types of users is solved. Through experimental simulation, the necessity of selecting
the optimal delegation strategy is verified.
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Figure 1. Federated learning system model
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Figure 2. Signal game tree of federated learning
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Figure 3. The influence of prior probability on server utility under four dif-
ferent equilibrium strategies

E 3. MMAERIEERET, SUHRTRSRBANEMm

Hk, B 4 WS TEARSERAET, BRI RS SRR . [ 4@, BRI
IS AR 55 MR AR BRI, JF HAEXHT 1SRN, ARS8t e, IF BN EAE N 1 5,
55 B G (AR K B AD) s RS54t IR 2, o R 55 2 A e m AR 3G 1), #2217 2
(ISR T, AR o5 A MRUH SR, HARMEERT N 1 0z, AR5 4 ROH IR E R, e mT I, %R 55 4%
K, Pty LRSS N I RTERNG, MM 2 ST, IS5 4RO as k.

e, MES WE TSR, 7 PR A AR A RS P . [ 5
FEWT R AT, XTSRRI R R, 3917 2 skms R ey, ROPIAR AL e BRI SR}, IR
S5 2R PTG, WXt T ARG 25K, M 2 [ WS Ao RN 3R SRS, R 25 28 AN Sk R % 2 1 SR g
HOR SO IR 7B 1k 1 P BRI g5}, IR 55 ae ik BT ol R 2k

15

10
@
E 5 — 1
® — 12
ﬁ — 3
® 0 T
==

_5 B

o /

14 16 18 20 22 24
H=ENEV

(a) The impact of model value V on server utility
(a) BERMNE V X IR S5 28R 5w

DOI: 10.12677/ecl.2024.132259 2138 TR 4TS


https://doi.org/10.12677/ecl.2024.132259

(N

R ={HAE

Figure 4. The influence of model value and reward on server utility under different

10

-10 -

— 9%
— 2
— 133

4

T T T T T T

10 11 12 13 14 15 16
BRIKIW

(b) The impact of reward W on server utility

(b) B W Xof IR 55 28 2 FH ¥ 5w

0 -
o

equilibrium strategies
B 4. FEIRHEREE RN ESHRENT AR S5 A2

HI BRI, EPTR R IIBIR 2 ST GRS, R 55 a8 I e LR AT R 2 AT L s N ZR K
e SR AR TSR I P EUS LSS SN SR P ERAT B, S FEANISE ISR,
MR 55 4% — EARFEIZH IS .

10 A
8 -
e 6 /
E 4
® —
= — 0
1 4 118
= — 93
R 4
W 2
1z
0 -
24
8 9 10 11 12 13 14 15 16

ZRIRNW
(a) The impact of reward W on the utility of high-power users
(a) MM W 550 F P RO RO B2

DOI: 10.12677/ecl.2024.132259

2139

b TR e


https://doi.org/10.12677/ecl.2024.132259

7.

41
w27
HE L
= — 1
&= ol —— 102
é 13
S ¥3iki4
img
E 2
-4
e s s s a2 e a2 e s R R R R R R R R R R R R R kR R R R R R R R R R k3
8 9 10 11 12 13 14 15 16

RRIRNW
(b) The impact of reward W on the utility of low-power users
(b) P W XSRS g TP R4 s i
Figure 5. The influence of reward on the utility of two types of users under different

equilibrium strategies
5. NEIRHAERER T HRENXT R FH 258 A PR RS20

B&

ARSI MG 5 IR O AR AE L, i A5 A AR AE IR 7 2] I e rh %2 538 B ELAE

REEATIRNERE . FE T IER R, R 20 0 R SERE AR T SERE /P2, IRl i SR A 1 2 A 7
(P ST ANSE R A B, AR A AR TN AN R SRR P Z I R R AT ems . SR, AEWFFC I RE A
FATE R B R  E AR 21 7 BE PP 0 A R PR o BRIk, ARORIBE FUR A L AL AL & OT, &
RIRVEMZ8 52 53 58 Ty 55t N BFR 2 ST IO BETE, DU 4 i b 255 SASE R f S o 2 P A0 AT R AR Xt 7 7

SE

[1]
[2]

(3]
[4]

[5]
(6]
(7]
(8]

Mammen, P.M. (2021) Federated Learning: Opportunities and Challenges. 1-5.
https://doi.org/10.48550/arXiv.2101.05428

Heiss, J., Grinewald, E., Tai, S., et al. (2022) Advancing Blockchain-Based Federated Learning through Verifiable
Off-chain Computations. 2022 IEEE International Conference on Blockchain, Espoo, 22-25 August 2022, 194-201.
https://doi.org/10.1109/Blockchain55522.2022.00034

Data.Kone¢ny, J., McMahan, H.B., Ramage, D., et al. (2016) Federated Optimization: Distributed Machine Learning
for On-Device Intelligence. 1-38. https://doi.org/10.48550/arXiv.1610.02527

Banabilah, S., Alogaily, M., Alsayed, E., et al. (2022) Federated Learning Review: Fundamentals, Enabling Technolo-
gies, and Future Applications. Information Processing & Management, 59, Article ID: 103061.
https://doi.org/10.1016/j.ipm.2022.103061

Zhang, K., Song, X., Zhang, C., et al. (2022) Challenges and Future Directions of Secure Federated Learning: A Sur-
vey. Frontiers of Computer Science, 16, 1-8. https://doi.org/10.1007/s11704-021-0598-z

Liu, J., Huang, J., Zhou, Y., et al. (2022) From Distributed Machine Learning to Federated Learning: A Survey. Know-
ledge and Information Systems, 64, 885-917. https://doi.org/10.1007/s10115-022-01664-x

Nguyen, D.C., Pham, Q.V., Pathirana, P.N., et al. (2022) Federated Learning for Smart Healthcare: A Survey. ACM
Computing Surveys, 55, 1-37. https://doi.org/10.1145/3501296

Tang, M. and Wong, V.W.S. (2021) An Incentive Mechanism for Cross-Silo Federated Learning: A Public Goods

DOI: 10.12677/ecl.2024.132259 2140 HLF R 55T iR


https://doi.org/10.12677/ecl.2024.132259
https://doi.org/10.48550/arXiv.2101.05428
https://doi.org/10.1109/Blockchain55522.2022.00034
https://doi.org/10.48550/arXiv.1610.02527
https://doi.org/10.1016/j.ipm.2022.103061
https://doi.org/10.1007/s11704-021-0598-z
https://doi.org/10.1007/s10115-022-01664-x
https://doi.org/10.1145/3501296

(N

[9]
[10]
[11]

[12]

[13]

[14]

Perspective. IEEE INFOCOM 2021-1EEE Conference on Computer Communications, Vancouver, BC, 10-13 May 2021,
1-10. https://doi.org/10.1109/INFOCOM42981.2021.9488705

Pei, J., Zhong, K., Jan, M.A., et al. (2022) Personalized Federated Learning Framework for Network Traffic Anomaly
Detection. Computer Networks, 209, Article 1D: 108906. https://doi.org/10.1016/j.comnet.2022.108906

Zhang, T., Gao, L., He, C., et al. (2022) Federated Learning for the Internet of Things: Applications, Challenges, and
Opportunities. IEEE Internet of Things Magazine, 5, 24-29. https://doi.org/10.1109/I0TM.004.2100182

Wang, Z., Hu, Q., Li, R., et al. (2022) Incentive Mechanism Design for Joint Resource Allocation in Blockchain-Based
Federated Learning. IEEE Transactions on Parallel and Distributed Systems, 34, 1536-1547.

Nishio, T., Shinkuma, R. and Mandayam, N.B. (2020) Estimation of Individual Device Contributions for Incentivizing
Federated Learning. 2020 IEEE Globecom Workshops, Taipei, 7-11 December 2020, 1-6.
https://doi.org/10.1109/GCWkshps50303.2020.9367484

Li, Q., Wen, Z., Wu, Z,, et al. (2021) A Survey on Federated Learning Systems: Vision, Hype and Reality for Data
Privacy and Protection. IEEE Transactions on Knowledge and Data Engineering, 35, 3347-3366.
https://doi.org/10.1109/TKDE.2021.3124599

Zhang, J., Wu, Y. and Pan, R. (2021) Incentive Mechanism for Horizontal Federated Learning Based on Reputation
and Reverse Auction. Proceedings of the Web Conference, Ljubljana, April 2021, 947-956.
https://doi.org/10.1145/3442381.3449888

DOI: 10.12677/ecl.2024.132259 2141 HL -7 45 PR 18


https://doi.org/10.12677/ecl.2024.132259
https://doi.org/10.1109/INFOCOM42981.2021.9488705
https://doi.org/10.1016/j.comnet.2022.108906
https://doi.org/10.1109/IOTM.004.2100182
https://doi.org/10.1109/GCWkshps50303.2020.9367484
https://doi.org/10.1109/TKDE.2021.3124599
https://doi.org/10.1145/3442381.3449888

	面向网络贸易交易的联邦学习最优委托策略分析
	摘  要
	关键词
	Analysis of Optimal Delegation Strategies for Federated Learning in the Context of Online Trade Transactions
	Abstract
	Keywords
	1. 引言
	2. 相关概念
	2.1. 信号博弈模型
	2.2. 序贯均衡

	3. 系统模型
	4. 联邦学习信号博弈模型
	5. 最优委托策略选取
	6. 仿真分析
	7. 总结
	参考文献

