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Abstract: Recently, graph convolutional network (GCN), as a powerful graph embedding technology, has been widely applied in the field
of recommendation. The main reason is that most of the information in recommender systems can be modeled as graph-structured data,
and GCN, as a deep learning model that operates on graph structures, helps to explore the potential interactions between users and items
in graph-structured data, to enhance the performance of the recommender systems. Since the modeling of recommender systems usually
needs to collect and process a large amount of sensitive data, it may face the risk of privacy leakage. Differential privacy, as a privacy

protection model with a solid theoretical foundation, has been widely used in recommender systems to solve the problem of personal
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privacy leakage. Currently, the research based on differential privacy is mainly oriented to independent and identically distributed data
models. However, data within GCN-based recommender systems is highly correlated and not independent, making the existing privacy
protection methods less effective. To solve the problem, this study proposes a graph convolutional collaborative filtering recommendation
algorithm based on Rényi differential privacy (RDP-GCF for short), aiming to achieve a balance between privacy protection and utility
while ensuring the security ofuser-item interaction data. The algorithm first utilizes GCN techniques to learn the embedding vectors for
users and items. Then, the Gaussian mechanism is used to randomize the embedding vectors, and a sampling-based method is used to
amplify the privacy budget and minimize the injection of differential noise, thereby improving the performance of the recommender
system. Lastly, the final embedding vectors of the users and items are obtained by a weighted fusion and applied to the recommendation
tasks. The proposed algorithm is validated through experiments on three publicly available datasets. The results show that compared to
existing similar methods, the proposed algorithm more effectively achieves a balance between privacy protection and data utility.

Key words: recommender system; collaborative filtering; graph convolutional network (GCN); privacy-preserving; Rényi differential privacy
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FRAE, AT A Y (V2 AL RE 77, FF iR BIREE IRAS . (B2, Mt — 2 FR, F4kEes K L i, 55 S8
A 1 i, REAY T BN R TR, BT RE S . SIS, 5 250 L 38, i N £ 22 s, ixX
PR FF) 1 B 2 7= A B K I 47 THT S

# 3 EEREER RN RDP-GCF 75 1 A8 15200

= . MovielLens-1M Gowalla Yelp

BRIZEL Recall@20 NDCG@20 Recall@20 NDCG@20 Recall@20 NDCG@20
L=1 0.2287 0.3530 0.1453 0.1195 0.0491 0.0400
L=2 0.2258 0.3502 0.1449 0.1193 0.0505 0.0409
L=3 0.2322 0.3583 0.1469 0.1233 0.0512 0.0409
L=4 0.2314 0.3575 0.1429 0.1164 0.0505 0.0401

(2) T R NGESE d W ARSCAIERIREM. 3R 4 JROR T AU EER R NLESE d (d € (16,32,64,128)) &
B FRSzIess R. NPT LB Y, BEE NLERE J 33 64, RDP-GCF J7iEMERERIRTHIBRE RO, 25, 24 d 45t
B, BRI P RE PR T BE DN It TR e R RIE T 4 BRI 1T AR IS T £ (1945 8., IR IL B8 1T 5,
R AR NG B o vt P B 2 = A I O 1 el 8, S O B (AR T B S B R SR IR 25 UL, 7RI B E BN
ESH L RN SR d b, FRELEAH RS R R 2R, DA N ETE T R FA R R B L ZEsKk.

X4 HRANYEEE RN RDP-GCF (& = 5) HEF MR RE 5200

" . MovieLens-1M Gowalla Yelp
HRNYESE
Recall@20 NDCG@20 Recall@20 NDCG@20 Recall@20 NDCG@20
d=16 0.2067 0.3235 0.1271 0.1081 0.0462 0.0375
d=32 0.2265 0.3489 0.1369 0.1159 0.0492 0.0400
d=64 0.2322 0.3583 0.1469 0.1233 0.0512 0.0409
d=128 0.2362 0.3608 0.1508 0.1317 0.0514 0.0412
6 B %

AT B 22 77 BRL FIHERE 7 10 R 2 A7 A2 0T PSR S 50 PRI DA K S R 1 AR 200 P A2 e AT 1 T . 15542
B, A SCER T AR T RDP ) RIS AR R JE 5% RDP-GCF. iZ50EAN 5 20 BRI SR EAT S N 3030,
T LAAE £ B D 00 P 500 S5 A R R 1 00 T SR B 22 70 B A XA R gt 1 IR SN I B e 78, T B0 9i v 4k
PRI L B4, 7F RDP HESE Ik 52 BEAURAEHEAT RALTEOR, 982> T 22 70 W P RN &, 78 DRAE B AL Bl 18
BORMHTIE T, JeT+ 7 HEFE R G PERE. K ah AR, AT th i T5 VAR 2 PR R AR T ORI L T ILA 77
1%, RENG S0y SCIL AL DR I RIHE 72 BE A4, 7 )5 S0 AR vh R 258 LUR AT (1) A0 T4 e 22 20 Bl
BRI, W T SEANAEAR T4, DA S 4 S A2 K A 12 45 M B0 PR 7 2 755K 5 (2) ST A1 2 A7 fik



T4 % AT Rényi 20 1aAe0) B AR R RS Fik 15

Yyst R, SR WTAT IO Z 5 BaFL T VE, AEORUESE T IRIAR 2 I 2% (R4 3E 3R 0 mT R R K RTIR, DR P Bl 1) 22 4.
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