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Abstract  Collaborative filtering is a recommendation method to predict the missing ratings from
target users to target items based on the historical rating data of users similar to target users or
items similar to target items. Collaborative filtering is simple and usual, but its performance will
degrade seriously when the target data is very sparse. Cross-domain recommendation with the
help of auxiliary data associated across domains with target data is an effective way to solve this
problem. Most existing cross-domain recommendation models suppose that different domains
share a rating pattern completely, which ignores domain-specific rating patterns and may result in
degradations of the recommendation performance. In addition, many models transfer cross-domain
information based on a single bridge, the positive transfer of which is insufficient. In particular,
as far as we know, no model has utilized the shared rated pattern of items for cross-domain
recommendation under the premise of considering domain-specific rated patterns. Existing cross-
domain recommendation models ignore that the shared rating patterns may have different focuses

on users and items, and always only utilize the rating pattern of users. In fact, the rating pattern

Wk H 1 :2016-12-13 5 /R 4R tH AR A 1. 2017-03-28. A L1551 [ 5% [ SRR 25 3L 4700 H (61272109) e i A S ARl 55 9% 16 T00%% 42 0
H (2042014KF0057) (it 4 A AR B #5400 H (2014CFB28D ¥E B £ 8. 55,1986 4- 4L L WF 50 A, R EBFG 07 10 NiE B 2 ) et
R BEIEIR. E-mail: wiwi@whu, edu. en. ZERE GHEMEZ) L ,1964 G4 WA+ 2082, B AL 2 (CCF) 43 51, 32 20 78 903k
KK LI S 2R S S B R R R S R A S s — BB ST E-mail shjli@whu, edu. en. 45 35, 40,1980 4R il 4 F
FEA YR, 2 BRI 55 ) O EL T 1 5 SRR 5 A BT T 4 RS TR PPN L B M PR AT N B S . & 4D, 4. 1984 AR
BT T 1) A ML 2 A ALK B & 45931987 AR A I PRI S B ST 1 S RO T I S A O R PEA



2368

L2 I S 1 = SR

of users focuses on the interest pattern of users, however, the rated pattern of items focuses on
the popularity pattern of items. Therefore, we propose a novel triple-bridge transfer (TRBT)
learning model for cross-domain recommendation. Firstly we extract latent factor and shared
rating pattern of users as well as latent factor and shared rated pattern of items by collective
factorizations on rating matrices, while considering domain-specific patterns and imposing
similarity constraints on latent factors; then we construct adjacency graphs utilizing clustering in-
formation contained in latent factors; finally we predict the missing ratings jointly by user-side
and item-side triple-bridge transfer learning based on shared pattern, latent factors and adjacency
graphs. During the triple-bridge transfer, the interactive information between users and items is
transferred based on the shared patterns, the feature information of users and items is transferred
based on the latent factors, and the adjacency information of users and items is transferred based
on the adjacency graphs. We highlight the different focuses of the shared pattern on users and
items and utilize the shared rated patterns of items for the first time. Our proposed TRBT model
increases the positive transfer and meanwhile reduces the negative transfer. Furthermore, TRBT
model not only can transfer useful cross-domain information of three different types, but also can
choose transfer bridges and adjust transfer weights of different bridges flexibly according to the
specific situation. Although TRBT model may seems a bit complex, the core algorithms of it can
be solved by iterations with a small number and converge with a fast speed, so it can be applied to
cross-domain recommendation under the environment of massive data in theory. We adopt both
mean absolute error (MAE) and root mean square error (RMSE), which are two popular
evaluation metrics for collaborative filtering recommendation models at present, to evaluate the
predicting accuracy for missing ratings of different recommendation models. Extensive experiments
on three public real world datasets demonstrate that the recommendation accuracy of TRBT
model outperforms several state-of-the-art recommendation models.

Keywords  transfer learning; recommendation; collaborative filtering; cross-domain; sparse;
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Background

In this paper, we research cross-domain collaborative
filtering recommendation, which is a hot and challenging
problem in recommendation systems for the past few years.
Collaborative filtering is a simple and usual recommendation
method, but its performance will degrade seriously when the
target data is very sparse. Cross-domain recommendation
with the help of auxiliary data associated across domains with
target data is an effective way to solve this problem. Transfer
learning is a popular method which can be used for cross-
domain recommendation. However, there are still some
shortages in existing transfer learning models for cross-
domain recommendation:

(1) They conduct transfer learning based on the rating
pattern, and usually assume that relevant domains share a
rating pattern completely, which ignores the differences of
rating patterns across domains and may lead to serious
negative transfer.

(2) They ignore that the shared rating pattern may have
different focuses on users and items. And they always only
utilize users’ rating pattern which focuses on the interest
pattern of users, but have not utilized items’ rated pattern
which focuses on the popularity pattern of items.

(3) They conduct transfer learning only based on a single
bridge such as latent factors or rating pattern, which may not
generate sufficient positive transfer.

In order to solve aforementioned problems, we propose a
new triple-bridge transfer learning model for cross-domain
collaborative filtering recommendation. Our proposed model

reduces negative transfer effectively, as well as increases
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positive transfer significantly. Our main contributions are as
follows::

(1) Based on the similarity constraints between latent
factors, we extract latent factor and shared rating pattern of
users as well as latent factor and shared rated pattern of
items from auxiliary domains via collective factorizations on
rating matrices. By considering domain-specific patterns, our
model reduces the negative transfer efficiently.

(2) We consider the different focuses of the shared
pattern on users and items for the first time. Based on the
shared rating pattern of users and the shared rated patterns
of items, we transfer the interest pattern of users and the
popularity pattern of items separately.

(3) We extract the cluster information from latent
factors of users and items separately to construct adjacency
graphs of users and items. The user-side triple-bridge transfer
learning is conducted based on the shared rating pattern of
users, latent factors and adjacency graphs. And the item-side
triple-bridge transfer learning is conducted based on the
shared rated pattern of items, latent factors and adjacency
graphs. We predict the missing ratings of objective rating
matrix jointly by the user-side and item-side triple-bridge
transfer learning, which increases positive transfer signifi-
cantly.
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