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Abstract ~ With the development of the Web services market, the amount of Web services
becomes increasingly massive and quality of service (QoS) plays a more important role than ever.
Against this background, identifying and recommending high-quality services for users has
become a vital issue. Since a Web service is likely to exhibit different QoS performance to users
due to their different network conditions, personalized Web service recommendation becomes a
requisite. Based on historical service invocation records, traditional collaborative filtering approaches
such as memory-based collaborative filtering have been employed by some studies to address the
Web service recommendation problem. However, these approaches usually suffer from the data
sparsity and cold-start issues, which probably cause low performance or even failures of Web
service QoS predictions. Recently there is a trend of applying factorization models such as Matrix

Factorization (MF) to recommender systems to tackle the data sparsity issue. Though their
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application in Web service recommendation can yield more accurate Web service QoS predictions,
they usually have a high time complexity and poor scalability. What”s more, adding extra features to
those factorization models is yet a non-trivial task. In order to attain both high accuracy and high
efficiency in Web service recommendation, this paper adopts a general factorization model, i. e. ,
Factorization Machines (FM), which are actually a new model class that combines the advantages
of Support Vector Machines (SVM) with factorization models. The model equation of FMs can
be calculated in linear time, and FMs not only are adaptable to high data sparsity settings, but
also are flexible to combine the context information of users and items as well as their interactions.
Based on the classic FMs, the following paper proposes a QoS-aware Web service recommendation
approach which is a location-aware FM model that takes into account the influence of Web service
locations and user locations on Web service QoS prediction. Based on the observation that users
in the same or close regions usually would perceive similar QoS values when invoking a Web
service, the approach employ the location information to identify a set of neighbors for the active
user, and combine the experiences of the active user’s neighborhood to predict the QoS of a
target Web service. In a similar manner, the neighborhood of a target Web service can also be
located and their QoS values are employed to predict its QoS values for the active user. Based on
the neighborhood computation of both users and services, we develop several neighborhood-based
regularization terms and integrate them with the classic FMs to improve the QoS prediction
accuracy. To evaluate the performance of the proposed approach, we conduct a set of extensive
experiments using a real-world dataset with 1974675 Web service invocations. The experimental
results show that the proposed approach outperforms the other collaborative filtering approaches
(including popular matrix factorization approaches) in QoS prediction accuracy. We also conduct
an analytical analysis to show that the proposed approach has a low computation time complexity,
which indicates that it has a good scalability and thus is suitable for large-scale Web service
recommender systems.

Keywords service recommendation; factorization machines; collaborative filtering; QoS prediction;

location-aware; service computing
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Background

Web services have become the mainstream components
for building large-scale and distributed software applications.
To build reliable service-based software applications, it is
critical to use high-quality Web services. However, the quality
of services (QoS) is usually unknown to a Web service user,
for the QoS values offered by service providers are missing in
most cases. Moreover, QoS values of Web services are
typically related to specific users, i. e. , different users are
likely to perceive different QoS values on the same Web service.
In this situation. personalized Web service QoS prediction
has become an important issue, and has raised a lot of
interests from the scholars in Web service evaluation and
recommendation.

Aiming at discovering and recommending high-quality
Web services for a user, a dozen of studies have been carried
out to address the above Web service QoS prediction problem.
Most of the state-of-the-art approaches employ collaborative
filtering techniques to predict Web service QoS values, and
they are typically divided into two categories; memory-based
and model-based. Traditional collaborative filtering techniques,
however, usually suffer from the difficulties such as data
sparseness and cold start issues, which probably lead to
inaccurate prediction results in practice, and their time

efficiency is usually quite low. Though, new collaborative
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filtering techniques, such as matrix factorization, have been
proposed to tackle these issues, there is still much room for
improvement. For example, matrix factorization models
usually have square time complexity for its model equation
computation, which may cause inefficiency for large-scale
recommender systems. Moreover, adding extra features to
matrix factorization models is yet a non-trivial task.

This paper proposes a QoS-aware Web service recom-
mendation approach using a location-aware factorization
machine model. The factorization machine model has shown
its greater effectiveness and efficiency in prediction, compared
with the other collaborative filtering techniques. This work is
the first to introduce it to personalized Web service QoS
prediction. Furthermore, this work takes advantage of the
locations of users and Web services, and integrates them with
the classic factorization machine, so that the QoS prediction
performance can be further improved. The experiments using
a real Web service dataset validate the proposed approach.
This work is partly supported by the National Natural
Science Foundation of China under Grant No. 61572186,
No. 61572188 and No. 61402168. QoS-aware Web service
recommendation is among the key research issues of these

projects, and this work is intended to address it.





