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Abstract  With the development of the Internet, and the advent of the big data era, recommen-
der systems have become increasingly important in numerous fields such as e-commerce, social
media, and short-video platforms, and have become an important means to address information

overload and enhance user experience. In practical application scenarios, users’ historical interac-
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tion data have characteristics such as multi-behaviorality and sequentiality. Taking the e-com-
merce field as an example, users usually interact with items through behaviors such as browsing.,
collecting, and purchasing. Compared with traditional recommendation methods that only consid-
er a single behavior type, recommendation methods that integrate multi-behavior types and se-
quential information can more comprehensively understand user preferences, thereby providing
personalized recommendations that are more in line with users’ interests. With the introduction
of privacy regulations such as the “Personal Information Protection Law of the People’s Republic
of China” and the “European Union’s General Data Protection Regulation”, users’ awareness of
privacy has correspondingly increased. Recommender systems are required to accurately mine us-
er preferences in multi-behavior sequences under the premise of strict compliance, while there are
complex temporal correlations between different interactive behaviors in multi-behavior se-
quences, so federated multi-behavior sequential recommendation (FMBSR) thus faces dual chal-
lenges: on the one hand, it is necessary to address the difficulty of multi-behavior sequential in-
formation modeling to effectively capture user preferences; on the other hand, although FMBSR
can avoid the privacy risks associated with centralized data storage, how to achieve a balance be-
tween privacy protection and recommendation performance remains a key obstacle to its practical
application. To this end, this paper proposes a subsequence-based privacy-preserving collabora-
tive recommendation method (SPCR) with a core framework of collaborative filtering featuring
strong interpretability. The method consists of three main components: (1) Key Initialization: A
combination of symmetric and asymmetric encryption is adopted to lay the foundation for subse-
quent full-process privacy protection; (2) Similarity Calculation; A similarity measurement
mechanism that is both aware of sequential information and multi-behavior information is de-
signed to integrate multi-behavior sequence information into user similarity measurement and im-
prove the accuracy of similarity calculation; (3) Prediction Scoring: A recent behavior pattern
consistency module is designed to capture the differences in behavior patterns of users before pur-
chasing different target items and dynamically adjust the similarity to adapt to the target items.
Experiments on two real-world datasets, i. e. , JD and UB, demonstrate that SPCR possesses the
advantage of balancing recommendation performance and privacy protection. Compared with pri-
vacy-unprotected methods, it outperforms baseline models such as FLAG and NextIP and per-
forms comparable with GEAR; and compared with privacy-preserving methods like FedPerGNN
and LP-GCN, it achieves more superior recommendation performance. On the JD dataset,
SPCR’s performance is slightly lower than GEAR, with Rec @10=10.1981 and NDCG @10 =
0.1114,representing improvements of approximately 10.86% and 9.42% respectively compared
to the second-best baseline NextIP, On the UB dataset, SPCR outperforms GEAR on Rec@10,
and its results (Rec @10=0. 0932 and NDCG@10=0. 0604) outperform the second-best baseline
FLAG by approximately 4.48% and 7.67% , respectively. Moreover, the results of our SPCR
and its centralized version SCR without privacy protection are completely consistent on Rec @10
and NDCG@10, verifying the losslessness of the privacy protection scheme. Our SPCR is the
first method in FMBSR with accurate multi-behavior sequential modeling, privacy security, loss-
less performance, and strong interpretability, achieving an effective balance between privacy pro-

tection, recommendation performance, and interpretability.

Keywords federated recommendation; multi-behavior sequential recommendation; collaborative

recommendation; user similarity; privacy protection
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Background

With the rapid development of the Internet, recommen-
der systems play an increasingly important role in various
fields such as e-commerce. Traditional multi-behavior se-
quential recommendation ( MBSR) requires the centralized
collection of complete user interaction sequences, posing a
risk of privacy leakage. Although federated multi-behavior
sequential recommendation (FMBSR) avoids the privacy is-
sues associated with centralized data storage., existing studies
have obvious limitations: federated recommendation methods
can ensure privacy but often fail to capture multi-behavior se-
quential characteristics, while centralized multi-behavior rec-
ommendation models can effectively capture users’ dynamic
multi-behavior preferences but have risks of privacy leakage.
Currently, there is no method in the FMBSR field that can
simultaneously achieve accurate multi-behavior sequential
modeling, privacy security, and lossless performance.

To address the above issues, this paper proposes a sub-
sequence-based privacy-preserving collaborative recommenda-
tion method (SPCR) ., which takes collaborative filtering with
strong interpretability as its core framework and is imple-
mented with three components and stages: (i) in the key ini-
tialization stage, a randomly selected client generates a
shared key for encrypting subsequent sensitive information;
(i1) in the similarity calculation stage, the original sequence
is first divided into subsequences, a temporal decay function
with normalization is used to quantify the preference correla-
tion, and then a similarity formula integrating cross-behavior
information is designed; and (iii) in the prediction scoring

stage. a recent behavior pattern consistency module dynami-

tion Retrieval. Manila, Philippines, 2025:2870-2874
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cally adjusts neighbor similarity to adapt to differences a-
mong target items.

Experiments on two real-world datasets, i. e., JD and
UB, demonstrate that SPCR possesses the advantage of bal-
ancing recommendation performance and privacy protection:
compared with privacy-unprotected methods, it outperforms
baseline models such as FLAG and NextIP and performs
comparable with GEAR; while compared with privacy-pre-
serving methods like FedPerGNN and LP-GCN, it achieves
On the JD
dataset, SPCR’s performance is slightly lower than that of
GEAR, with Rec@10 reaching 0. 1981 and NDCG@10 reac-
hing 0.1114, representing

more superior recommendation performance.

increases of approximately
10. 86 % and 9. 42% respectively compared to the second-best
baseline NextIP. On the UB dataset, SPCR outperforms
GEAR on Rec@10, and its results (Rec@ 10=10.0932 and
NDCG@ 10 = 0. 0604) outperform the second-best baseline
FLAG by approximately 4.48% and 7.67% , respectively.
Furthermore, the results of our SPCR and its centralized ver-
sion SCR without privacy protection are completely consist-
ent on Rec@ 10 and NDCG@ 10, verifying the losslessness
of the privacy protection scheme. Our SPCR is the first
method in FMBSR with accurate multi-behavior sequential
modeling, privacy security, lossless performance, and
strong interpretability, achieving an effective balance between
privacy protection, recommendation performance, and inter-
pretability.
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