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Abstract Recent years have witnessed a growing trend of Web services on the Internet. There is a great need of effective
service recommendation mechanisms. Existing methods mainly focus on the properties of individual Web services (e.g., func-
tional and non-functional properties) but largely ignore users’ views on services, thus failing to provide personalized service
recommendations. In this paper, we study the trust relationships between users and Web services using network modeling
and analysis techniques. Based on the findings and the service network model we build, we then propose a collaborative
filtering algorithm called Trust-Based Service Recommendation (TSR) to provide personalized service recommendations.
This systematic approach for service network modeling and analysis can also be used for other service recommendation

studies.

Keywords

1 Introduction

The rapid growth of Web services on the Internet
requires effective service recommendation mechanisms,
aiming to recommend high quality Web services to the
Many Web services deliver similar functions
with different quality properties such as response time,
throughput, and availability. These properties can be
used to reflect the quality of the underlying Web ser-
vices and are called Quality-of-Service (QoS) in Web
service domain!!. Existing service recommendation
mechanisms focus on utilizing the QoS information of
individual services>¥ and often provide the same ser-
vice(s) to various users. However, different users may
have distinct requirements and views on the QoS of
their desired services. Therefore, a personalized service
recommendation mechanism!® is needed to recommend
services that satisfy each individual user based on his
or her view/trust on Web services.

In this paper, we study trust relationships between
users and services from a network perspective. Based
on the findings and the network model we build, we
develop a collaborative filtering algorithm called Trust-
Based Service Recommendation (TSR), to rank Web
services for a user based on the level of this user’s

users.

personalized service recommendation, trust, network modeling and analysis, collaborative filtering

trust towards the QoS of the services. To evaluate
TSR’s performance, we conduct a series of large-scale
simulation experiments based on a real world dataset
which contains information about 2000 services and 100
users. The experimental results show that TSR outper-
forms other traditional techniques. To summarize, TSR
makes personal recommendations for individual users
based on the trust relationships between users and ser-
vices.

We claim three major contributions as follows:

1) First, we investigate the impact of trust relation-
ships between users and Web services for providing per-
sonalized service recommendations, which is neglected
by most existing service recommendation methods.

2) Second, we introduce the network-based modeling
and analysis method and the systematic evaluation ex-
periments, which can also be used in other Web service
research domains (e.g., Web service selection!®!, Web
service composition(™).

3) At last, we develop a network-based algorithm,
which can effectively provide users with personalized
service recommendations based on their trust and views
on the QoS of desired services.

The rest of this paper is organized as follows. Sec-
tion 2 reviews related work. Section 3 introduces the
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network-based model for trust relationships between
users and Web services. Section 4 describes the trust-
based service recommendation algorithm (TSR) based
on collaborative filtering techniques. Section 5 de-
scribes our evaluation experiments and results. Section
6 concludes this paper and discusses the future direc-
tions.

2 Research Background and Related Work

2.1 Web Service Recommendation

In recent years, various recommendation techniques
have been developed and adopted to improve Web
service discovery and selection. Early researches on
service recommendation mainly focus on the indivi-
dual properties of Web services!® 12l especially on
QoS*1316]  n [4], a collaborative filtering approach
was designed to predict QoS value of a Web service
based on its past performance. In [15], Zhu et al. pro-
posed a novel landmark-based QoS prediction frame-
work and developed two service recommendation al-
gorithms based on clustering techniques. In addition,
Blake and Nowlan!'!] proposed to compute a score for
each Web service based on their performance when in-
teracting with users. However, such recommendation
methods provide the same services to all the users with
similar requests, and largely ignore the heterogeneity
among users’ views on the QoS of the recommended
services.

Therefore, in order to choose the most appropr-
iate services that best accommodate the users’ QoS
needs, personalized service recommendation techniques
are greatly needed. 1In [12], Maamar et al. pro-
posed a model to characterize the context of Web ser-
vice interactions, and highlighted that the resources
on which Web services were performed had impacts
on Web service personalization. In [17], a region-
sensitive recommendation approach was proposed to
predict the personalized QoS value of a service for each
user by analyzing the contextual information of inter-
actions between users and services such as region loca-
tion and network delay. It makes personalized predic-
tion mainly based on information about QoS properties
while largely ignores users’ specific QoS needs. To ad-
dress this problem, our work aims to provide persona-
lized service recommendations by studying individual
users’ preferences on QoS and how such preferences af-
fect their trust relationships with the underlying ser-
vices.

2.2 Trust for Web Service
Although several studies'617) also address persona-
lized service recommendations, they mainly focus on
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individual user characteristics rather than users’ views
on QoS which largely determine users’ satisfactory
with the recommended services. Therefore, we study
the trust relationships between users and services in
Web service recommendation, aiming to develop better
mechanisms for personalized service recommendation.

Trust is a kind of relationship between users and
services which can express users’ subjective percep-
tion and preference on services!'8). There are many
trust and reputation mechanisms proposed for Web
service selection!'® 2% which are mainly inspired by
trust management in traditional distributed environ-
ment such as P2P networks!?!l. The trust value rated
by a user is largely affected by his/her interaction ex-
periences with the service. A user’s rating score for a
service is a very important factor for users to share their
direct experiences of interaction with the Web services.
Most trust models for Web services regard feedback rat-
ing by users as a key source of trust/?2-26], In [22], Malik
and Bouguettaya provided a reputation evaluation by
integrating a feedback mechanism for the target ser-
vices. The reputation value is impacted by users’ credi-
bility, preferences, and temporal sensitivity. In [23], a
trust model based on Bayesian network was proposed,
which regards the direct experience opinion, the reco-
mmendation from other consumers, and the QoS mon-
itoring information as the key sources of trust. Most
of the existing trust models do not consider the hetero-
geneity of users’ trusts and views on QoS of the same
service(s). They mainly reflected the collective or ag-
gregated perceptions of all users on a targeted service,
but could not model and predict individual user’s trust
on this service. Since the preference of different users
may be various, our trust model is going to stress the
impact of ratings from users with similar tastes while
weaken the impact from users with different tastes.

2.3 Collaborative Filtering

Collaborative filtering (CF), which was firstly pro-
posed by Rich?7]| has been proved to be a very success-
ful approach in utilizing relational information such as
trust for personalized recommendation. In this study,
we adopt this approach to develop a trust-based service
recommendation algorithm to provide personalized ser-
vice recommendations.

There are several studies applying CF techniques to
provide Web service recommendation. Shao et al.[?®]
proposed a user-based CF algorithm to predict QoS val-
ues. Zheng et al.?”) proposed a hybrid CF algorithm
to recommend Web services. Rong et al.3% applied the
CF algorithm and used MovieLens®!! data for exper-
imental analysis. However, these studies focus on the
individual properties (e.g., QoS) of services while do
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not consider information about personal preferences of
QoS and subject views on services from different users,
which is vital for personalized service recommendation.

Therefore, our study utilizes the CF techniques to
provide personalized service recommendations for a
user by leveraging ratings from users that share similar
QoS trust with him/her. Two kinds of CF algorithms,
user-based CF[B2l and item-based CF[33! are adopted
for our recommendation algorithm. User-based collabo-
rative filtering algorithms attempt to discover a group
of users who have similar tastes with the target user.
Several similarity measurement models have been deve-
loped to compute their similarity!®*3%. A larger simi-
larity score indicates that two users are more similar
in terms of their views on products/services that need
to be recommended. Then this score can be used to
predict the likelihood of users’ satisfactory on the reco-
mmended items. On the other hand, item-based al-
gorithms differ from the user-based algorithms only in
that they compute item similarity measurements in-
stead of user similarities. They also predict rating val-
ues for the new items in the target user’s profile.

In addition, collaborative filtering techniques
have provided an effective approach for utilizing
users’ (trust) relationships towards products/items for
personalized recommendation. Therefore, our study
aims to address the limitations in the existing service
recommendation studies by:

1) modeling and analyzing trust relationships be-
tween users and services as networks;

2) applying collaborative filtering techniques on the
modeled networks to learn users’ trust preferences on
QoS;

3) providing personalized service recommendation
based on the learned information about users’ prefe-
rences.

3 Network Modeling for Trust Relationships

In this section, we model the trust relationships be-
tween users and services using network modeling tech-
niques. The two networks modeled (the user trusting
network and the service trusted-by network) are then
analyzed to discover users’ trust preferences on QoS.

3.1 Network Perspective of Trust
Relationships

Trust relationships between users and services can
be naturally represented as a network by treating users
and services as vertices and trust relation user-service
pairs as edges. We refer to the network of trust relation-
ships as the trust network T-Net, which is a bipartite
network consisting of two disjoint sets of vertices. And
there is no edge connecting vertices in the same set. In

71

the area of social network, this kind of network is also
called an affiliation network, of which edges represent
affiliation relations!®®l. The trust network is defined
formally as follows.

Definition 1 (Trust Network). A trust network is
a network of trust relationships between users and ser-
vices based on users’ ratings on services, and it can be
modeled as a 3-tuple T-Net (U, S, R) where:

1) U = {uy,us,...,um} is a set of users, where u;
(1 < i < m) denotes a user, m is the number of all
users, and u; is a target user that needs Web service
recommendation.

2) S ={s1,82,...,8n} is a set of services with simi-
lar functionalities, where s; (1 < i < n) denotes a ser-
vice, and n is the number of all services.

3) R={rel(u,s)lu €U, s €S} isa set of trust rela-
tions between users and services. Many existing worki®
has regarded feedback ratings for services from users as
a proper measure to assess the extent to which users
trust services. Hence, R can be also treated as a set of
ratings for services from users, and the value of rel(u, s)
is defined as the score of s rated by u.

Fig.1 shows an example of a trust network in which
we use square vertices to represent users, cycle vertices
to represent services, directed edges to represent users’
rating relationships with services. The weights of edges
are equal to the values of users’ ratings.

B Users
O Services
—> Ratings by Users

Fig.1. Example of a trust network.

3.2 Projection of Trust Network

The previous network-related studies mainly focus
on unipartite networks. Thus, most of previous em-
pirical studies on bipartite networks often project such
networks into two unipartite networks, each with only
one type of vertices3”. We adopt a similar method in
our research. The above bipartite trust network is pro-
jected into a user network and a service network, which
is defined as follows.

Definition 2 (User Network). A user network is a
network of users where an edge between two user ver-
tices represents that the two users have rated at least
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one common service previously (co-rating relationship),
and it can be modeled as U-Net (U, CR) where U is a
set of users and CR is a set of co-rating relationships
between users.

Fig.2(a) shows an example of user network, where
U is presented as vertices in the network, and CR is
presented as edges. The weights of the edges are the
similarities of users and the calculation is introduced in
detail in Subsection 4.2.

Definition 3 (Service Network). A service network
is a network of services where an edge between two ser-
vice vertices represents that the two services have prev-
iously been rated by at least one common user (co-rated
relationship), and it can be modeled as S-Net (S, CR')
where S is a set of services and CR’ is a set of co-rated
relationships between services.

Fig.2(b) shows an example of service network, where
S is presented as vertices in the network, and CR’ is
presented as edges.

. o Services
m Users — Relationships of Co-Rated
— Relationships of Co-Rating Users Services
(@) (b)

Fig.2. Unipartite networks projected from the trust network de-

picted in Fig.1. (a) User network. (b) Service network.

Fig.2(a) and Fig.2(b) present two sample unipartite
projections of the bipartite network shown in Fig.1, one
for the users and the other for the services. From them,
we can see that the clustering tendency of a projected
network can be attributed to the projection process it-
self to a large extent. If each user has rated multiple
services, a fully connected complete subgraph in the
projected service network will be resulted; therefore,
the service network is actually comprised of complete
subgraphs of this kind. In general, a unipartite net-
work projected from a bipartite network is guaranteed
to have large clustering coefficients, which may help im-
prove the precision of recommendation in our research.

4 Trust-Based Service Recommendation

In this section, we propose a collaborative filtering
algorithm called Trust-Based Service Recommendation
(TSR). First, we formally define the problem of
personalized service recommendation. We then de-
scribe the method for calculating the similarities be-

J. Comput. Sci. & Technol., Jan. 2014, Vol.29, No.1

tween connected vertices in U-Net and S-Net. At last,
we show the details of the TSR algorithm.

The TSR algorithm calculates the similarities of
users through their ratings on common services. Higher
similarity between two users implies that their prefe-
rences on QoS of the underlying Web services are more
similar. Then a user’s trust score of a service can be
calculated based on the rating information derived from
other users with high similarities to him/her. The out-
put of the algorithm is a rank list of services based on
their trust scores. Services with high trust scores will
be recommended to the targeted user.

4.1 Problem Definition

TSR aims to recommend Web services with high
trust scores to the target user. Trust value is a quan-
titative indicator that reflects the user’s perception on
the QoS of the underlying services. The trust value of
a user on a service can be formally defined as follows.

Definition 4 (Trust Value). Given a service s and a
user u, the trust value of s from u, denoted as T'(u, s), is
a metric which measures u’s subjective perception and
personalized preference on multiple QoS properties of s
including response time, throughput, price, and avail-
ability. If u has invoked s before, the value of T(u,s)
equals the latest rating of s given by u. In this study,
we use ratings to represent trust values, so the range
of trust value depends on the range of ratings. For the
experiments, the trust value in this study ranges from 1
to 5.

TSR is a trust-based collaborative filtering service
recommendation algorithm. For a target user u;, TSR
first calculates values of T'(u¢, ), where s belongs to the
set of services that u; has never invoked before. Then
TSR recommends services with high values of T'(uy, s)
to u;. The algorithm has two phases: similarity calcu-
lation and trust-based recommendation.

4.2 Similarity Calculation

Similarity calculation is a key step in memory-based
collaborative filtering algorithms[®¥. It aims to capture
the similarities among users’ preferences on QoS of ser-
vices by learning from their historic ratings. In TSR,
the similarity calculation includes two parts: users’
similarity and services’ similarity.

With the similarity scores, we can learn the similari-
ties of subjective perception and personalized prefe-
rences on multiple QoS of services from different users.
Then the ratings from users with high similarities can
make greater impact on the recommendation for the
target user. For example (shown in Fig.3), the users
a and b both rate high for the service s, but the user
c makes the opposite rating. This may be caused by
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the differences of their preferences on QoS properties.
Maybe users a and b rate high for fast response time,
while user c rates low for low throughput. This may
also be caused by the differences of subjective percep-
tions. Users a and b may think it is good if the ser-
vice responds within one minute. But user ¢ has much
higher requirement and he/she would like the service
to respond within one second. All in all, users a and
b are more likely to have similar views on QoS of such
type of services, then services that the user a likes can
be recommended to the user b, or oppositely.

Users Services
’ T
| S
05

Fig.3. Example of co-rating users.

Pearson correlation, which has been widely used to
measure the extent to which two entities linearly relate
with each other[®8!, is adopted to calculate the similari-
ties of users. Given two users u; and u; which are two
connected vertices in U-Net, the similarity between wu;
and u; is:

SimU (u;, u;)

> (T(uiys) = Tu)(T(uj,8) = Tuy)

€S,

- . ()
> (T(uiys D0 (T(uj,s) = Tuy)?
SES. SES.

where the s € S. summations are over the services that
both users u; and u; have rated, T'(u;,s) and T'(u;, s)
are trust values for s from u; and u; respectively, T,
and Tuj are the average ratings of the co-rated services
of users u; and u; respectively.

The calculation of services’ similarities is also based
on the Pearson correlation in item-based collaborative
filtering. We measure the similarities between the in-
voked services of the target user and services to be reco-
mmended. The target user may have similar views on
the services with high similarities. For example in Fig.4,
the user u rates the services x, y, and z. In u’s opin-
ion, z and y may perform with the similar level of QoS.
Then for another user v who has similar preference with
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the user u, if v rates x but has never invoked y, we may
predict that v might give a similar score as x to y.

Then we utilize the Pearson correlation in item-
based collaborative filtering to calculate similarities of
services. Given two services s; and s; which are two
connected vertices in S-Net, the similarity between s;
and s; is:

SimS (s, s5)
Y (T(u,si) = T )(T(u,55) = Ts,)

ucU,

)
> (Tus) - TP [ 3 (T(wsy) T,
u€U, u€U, (2)

where u € U, denotes the set of users who have rated
both services s; and s;, T'(u, s;) and T'(u, s;) are trust
values of user u on services s; and s; respectively, T,
and Ty, are the average ratings of services s; and s; by
those users respectively.

Users Services
45
" 4.5 y

Fig.4. Example of co-rated services.

For two connected vertices in U-Net or S-Net, we can
calculate their similarity based on (1) and (2). While
for two vertices that do not connect to each other di-
rectly, we first find the shortest path between them,
and then use the probability product to derive the simi-
larity through the path. This is because that similari-
ties for different vertices are calculated independently
and the final similarity is affected by all the transitive
similarities. This can also ensure the decrease of tran-
sitive similarities with the increment of the length of
the path. Finally, we can calculate all the similarities
between any vertices in U-Net or S-Net. The work of
similarity calculation is carried out offline in order to
reduce workload.

4.3 Trust-Based Recommendation Algorithm

Based on the similarity scores acquired through the
method mentioned in the previous subsection, we can
predict a user’s preference on the QoS of specific service.
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We then calculate the trust value and make persona-
lized service recommendation. As similarities of con-
nected vertices in U-Net or S-Net can both make con-
tribution to the final recommendation, we adopt the
user-based CF and the item-based CF to calculate trust
value from users’ perspective and services’ perspective
respectively.

With the user-based CF method, we calculate the
trust value of each to-be-recommended service sy for
the target user u; from the perspective of U-Net. Then
the user-based trust value of sg for the target user u; is
calculated by the following formula:

Z SimU (w, ug)T (u, So)

ueU,

Z SimU (u, ut)

UEU(‘.

3

TU(utv SO) -

where U, denotes the set of the top-k most similar users
that have rated sg. For our experiments, we set k = 10.
And the value of T'(u, sp) equals the latest rating of s
given by users in the set of U,.

Similarly, we utilize item-based CF method to cal-
culate the trust value of sg for the target user u; from
the perspective of S-Net:

Z SimS (s, s0)T (ut, s)

SES.

Z SimS (s, so)

sES.

, (4)

TS(Uta 80) =

where S, denotes the set of the top-k most similar ser-
vices that has been rated by wu;. For our experiments,
we set kK = 10. And the value of T'(u¢, s) equals the
latest rating of s given by wuy.

In addition, we also provide a unified single-index
performance measure for balancing these two types of
trust values by using (5). The balancing of the two trust
values is inspired by F-measure, which has already been
adopted as a comprehensive evaluation metric for two
independent metrics precision and recall in information
retrieval area.

2 x Ty (uq, s0) x Ts(uy, so)
Ty (ug, s0) + Ts(ue, o)

T(ug, o) = (5)

After calculating each trust value of services to be
recommended for the target user, we get a rank list of
services according to their trust values. Then the top-k
services in the list will be recommended to the target
user. The overall process of the proposed algorithm
TSR is represented in Algorithm 1.
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Algorithm 1. Algorithm of TSR
Input: T-Net: a trust network
ut: the target user
k: the number of recommendations
Sr: the set of services that can be recommended
Output: top-k recommended services for u,
01: //Initialize
U-Net = the user-based projection of T-Net
S-Net = the service-based projection of T-Net
02: //Offline Stage
03: for each two vertices v;, v; in U-Net and S-Net

respectively {

04: if v;, v; are connected

05: | Calculate SimU (vi,v;) or SimsS(vs,v;)

06: else {

07: | Find the shortest path between v; and v;

08: | Similarity between v; and v; is calculated by
| multiplying the edge weights in the shortest
‘ path

09: }

10:  }

11:  //Online Stage
12:  for each so in S, {

13: Calculate Ty (ut, so) and Ts(ut, so)

14: T (ut, s0) = 2Tu (ue, s0)Ts(ut, s0)/(Tv (ut, so)+
Ts(ut, s0))

15:  }

16:  Sort S, in the order of trust value

17:  return top-k services in S,

5 Experiments and Analysis

In order to evaluate the accuracy and complete-
ness of TSR’s recommendations, we conduct a set of
simulation-based experiments. TSR and related algo-
rithms (for comparison purposes) are implemented us-
ing Java. The simulation environment is built based
on a real world dataset, which captures the actual in-
teractions between users and services. The ratings for
services by individual users are generated based on the
observed rating patterns in this dataset. The perfor-
mance of TSR algorithm is then evaluated by observ-
ing the variance between the actual users’ rating choices
and the recommendations provided by TSR.

5.1 Setup

In this study, we use a real world dataset from WS-
DREAM®BY | The characteristics of the dataset are
described in Table 1. 100 users invoked 2 000 real world
services from public sources on the Web. Each user in-

®http://www.wsdrcam.nct/, Nov. 2013.
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voked each service 30 times. The behaviors of services
in each interaction, as well as the observed QoS perfor-
mance (response time and throughput) were recorded.

Table 1. Characteristics of the Dataset

Parameters Values
Number of users 100
Number of services 2000
Interaction times for each 30

service per user

Observed QoS quality Response time, throughput

Based on this dataset, we simulate users’ ratings for
each Web service. The generation of ratings is based on
users’ direct interactions. Cj is the compliance value
of quality j of service i in an interaction with user x.
Then, we calculate C; for each service as follows:

dpj — Goj

Gej — dpj

dpj

, if the lower value of ¢;, the better,
, if the higher value of g;, the better,

where gp,; is the promised QoS value of service ¢ on
quality j, go; is the observed value of j during the in-
teraction. The conformance level Cy; of quality j is
based on the value of Cj:

1, if —1<C; <—0.5,
2, if —0.5<C; <0,
Cp, =4 3, ifC;=0,
4, if0<C;j <0.5,
5, if0.5<C; <1,

For each interaction, we can get one value of Cy; on
the quality j. Then we get Avgh_C,; by averaging all
the values of Cy; during all the interactions between
the user x and the service ¢. With the calculated values
of Avg_Cy; from each quality of service i, we can derive
the rating of the service ¢ from the user z.

ng
Z Wqj X ACg,qu

Jj=1

Rating(x,i) =

g ?

E :wqj
=1

where wy; is the preference weight on quality j which
ranges from 0 to 1. n; is the number of QoS qualities
of service i. In order to simulate the variety of prefe-
rences from different people, we divide the 100 users
into 5 groups. They weight different values on response
time wg; and throughput wr,. The partition is pre-
sented in Table 2. Then we calculate all the ratings
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for each service from each user, and generate a rating
dataset RD, which is a 100 x 2000 matrix.

Table 2. Preferences of Users

Users WRt Wy
Group 1 0.0~0.2 1— wpge
Group 2 0.2~0.4 1— wpge
Group 3 0.4~0.6 1—wp
Group 4 0.6~0.8 1—wpge
Group 5 0.8~1.0 1— wpge

5.2 Evaluations

The evaluation study is conducted using the rating
dataset RD which consists of ratings for each service
from every user. We use part of RD as the training set,
and treat the remaining part as the testing set. Then
we make the training set as input, and recommend a
rank list of k services based on the proposed method
and other mechanisms. For each user, we recommend
top-k services that he/she has never invoked in the
training set, that is, the k services that the user would
trust most. The recommendation quality is assessed
according to the number o hits (recommendations that
match the actual top-k services in the testing set). The
precision is calculated to assess the quality of reco-
mmendations:

number of hits

k

The overall metric for the algorithm is derived by
averaging values over all users tested. The precision is
to assess the accuracy of the recommended services rela-
tive to the users’ potential ratings. For example, 10%
precision indicates that one out of 10 recommendations
would actually be ranked in the top-10 by the target
user.

We implement the proposed algorithm TSR and
other five service recommendation methods for com-
parison as shown in Table 3. All of these methods can
be classified into three types:

1) Recommendation Based on Relationships Between
Users and Services. Besides TSR, we also implement
a Reputation-Based Recommendation algorithm!?®!,
which is a kind of global recommendation that calcu-
lates the reputation value of each service by averaging
the ratings for the services from the invoking users and
then recommends services with higher reputations.

2) Recommendation Based on Link Analysis Mecha-
We choose HITS and PageRank to make
service recommendation, which are most famous link
analysis mechanisms widely used in network-based
recommendation[40-42,

3) Recommendation Based on QoS Prediction. Most
of existing service recommendation approaches are

precision : P, =

nISMS.
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based on this kind of methods!*28l. Such methods first
predict the future QoS of services based on historic ob-
servation, and then recommend services with high pre-
dicted values of QoS properties.

Table 3. Recommendation Approaches Compared

Types Recommendation Approaches
Relationships-based TSR

Reputation-based
Link analysis based HITS

PageRank

QoS prediction based QoS prediction on response time

QoS prediction on throughput

We wuse TSR, Reputation, HITS, PageRank,
Qos(Rt), QoS(Tp) for short to describe the above men-
tioned methods respectively in the following part.

5.2.1 Impact of Number of Links

In order to evaluate the impact of the numbers of
links from users to services, we generate four training
sets based on the numbers of services each user invoked.
Fig.5 presents the distributions of users’ links to ser-
vices in the four training sets.

In the first three training sets, the numbers of ser-
vices each user invoked were generated randomly with
the upper bounds of 2000, 1000, and 500 respectively.

Number of Users
N

2000

(=}

400 800 1200 1600
Number of Services Each User Rated

(a)

Number of Users

0
0 100 200 300 400
Number of Services Each User Rated

(©

500

J. Comput. Sci. & Technol., Jan. 2014, Vol.29, No.1

For the last training set, we investigate a film rating
dataset!*3] capture the rating distribution of the film
site, and make the last training set follow the distribu-
tion. Then we fix the number of recommendations, and
then compare the precision with the four mentioned
training sets. The numbers of recommendations are set
to 10, 50, 100, 200, and 500 respectively. Fig.6 presents
the results of comparison. For example, Fig.6(a) shows
the comparison result of precision using different algo-
rithms with the four training sets when 10 services are
recommended.

From the results we can intuitively find that TSR
and reputation-based recommendation behave better
with more links. That is because the two methods
are based on relationships between users and services.
Hence, more links can provide more evidences to reflect
the quality of services, and then the recommendation
based on enough evidences can be more precise. In
training set 4, the number of links is much less than
the other three training sets, but TSR also performs
better than others and not too worse than on the other
three training sets. Besides, we can also find that QoS-
based methods are less impacted by the number of links
than other methods. The reason is that the two met-
hods make more focus on the properties of individual
services while neglect the relationships between users
and services.
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Fig.5. Distributions of the 4 training sets. (a) Training set 0. (b) Training set 1. (c¢) Training set 2. (d) Training set 3.
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Fig.6. Precision with the 4 training sets. (a) Top-10. (b) Top-50. (c) Top-100. (d) Top-200. (e) Top-500.

5.2.2 Impact of Number of Recommendations

The experiments to this point show the effect of
the number of recommendations. We verify the effect
under the same training sets. The number of reco-
mmendations is set to 10, 50, 100, 200, and 500 re-
spectively. The comparisons of precisions of the six
mentioned methods with different numbers of reco-
mmendations are shown in Fig.7.

The results shown in Fig.7 indicate that the pre-
cision would be higher with more recommendations.
That is because it may be difficult for the reco-
mmendation algorithms to recommend the optimal ser-
vices for users, while it is relatively easier to reco-
mmend some suboptimal services. So when the number
of recommendations becomes larger, these algorithms
may return more suboptimal services to users, thus
the precision becomes better with the growing num-
ber of recommendations. TSR behaves better than
others with every number of recommendations. But
when the number of recommendations is small (shown
in Fig.7(a)), the advantage of TSR is not so obvious as
in other cases. It shows that there is still much room
for improvement.

5.2.3 Summarized Comparison and Analysis

Table 4 presents the overall experimental results.
The performance data in the bold font indicates the

best performance among all the mentioned mechanisms
under study for the corresponding training set and
number of recommendations. The precision of our
method is about 10% higher than the second best.

Among the six mechanisms, TSR and reputation-
based outperform the others. That is because the two
methods both consider the relationships between users
and services, which are neglected by others. The rea-
son why TSR is better is that we consider not only the
subjective of trust but also the customization of reco-
mmendation. Reputation-based method thinks that all
the ratings from users have the same importance, which
is not the case actually. Different users have different
preferences, which makes the rating standard of each
user different. So the ratings from users that have simi-
lar preference may give more contribution to making
the final recommendation.

HITS and PageRank are classic link analysis algo-
rithms. But they do not perform well in personalized
service recommendations, since link analysis mecha-
nisms only care about the quality of links and the qua-
lity of link sources. That means more links from better
users will be recommended. Here, better users are the
users who have rated more services that have high rat-
ings. It is a kind of global recommendation rather than
an individual one. Nevertheless, trust of Web services
is individual and customized, so both methods cannot
compete with our method.
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Fig.7. Precision with different numbers of recommendations. (a) Traning set 0. (b) Traning set 1. (c¢) Traning set 2. (d) Traning set 3.

Table 4. Overall Precision Comparison Results

Number of Recommendations (k) Training Set TSR Reputation HITS PageRank  QoS(Rt) QoS(Tp)

10 0 0.0880 0.0750 0.0230 0.0250 0.0240 0.0340
1 0.0570 0.0540 0.0010 0.0070 0.0030 0.0010
2 0.0200 0.0200 0.008 0 0.0040 0.0020 0.0010
3 0.0190 0.0110 0.006 0 0.0160 0.0090 0.0070
50 0 0.2746 0.1976 0.098 2 0.0918 0.086 8 0.0740
1 0.1604 0.1260 0.0338 0.0318 0.036 6 0.0130
2 0.1102 0.0848 0.028 2 0.026 6 0.0344 0.008 6
3 0.0720 0.0348 0.046 6 0.0386 0.0358 0.0122
100 0 0.3790 0.266 8 0.1637 0.1519 0.1307 0.1374
1 0.2604 0.1910 0.0753 0.068 2 0.0452 0.0360
2 0.2014 0.1372 0.0575 0.0585 0.0444 0.0226
3 0.1255 0.0730 0.0821 0.0654 0.046 6 0.028 7
200 0 0.4881 0.3358 0.2579 0.2496 0.2208 0.2278
1 0.3776 0.2431 0.1527 0.1390 0.096 0 0.1070
2 0.306 1 0.1784 0.1148 0.1097 0.0786 0.0774
3 0.2292 0.1327 0.1420 0.1236 0.0878 0.0920
500 0 0.6627 0.4833 0.4357 0.4325 0.426 8 0.4159
1 0.6376 0.4230 0.3544 0.3407 0.3175 0.3115
2 0.5729 0.3405 0.2825 0.2838 0.256 6 0.2630
3 0.488 5 0.3281 0.2990 0.2926 0.2636 0.266 2
The QoS-based methods can return the services most suitable ones. These methods only consider the
which performed best in past, but the precision is not properties of individual services while totally neglect

so good. That is because the best ones do not mean the users’ perception. This kind of methods can return ser-
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vices that perform well on a certain property, such as
response time and throughout. But they can hardly
identify the specific properties that users expect and
provide proper services that users really like. That is
the reason why the both methods based on QoS obser-
vation behave worse than other compared algorithms.

6 Conclusions and Future Work

In this paper, we proposed a novel method to pro-
vide personalized service recommendations to indivi-
dual users based on trust relationships between users
and services. We utilized network modeling and anal-
ysis methodology to study trust relationships between
users and services. Based on the findings and the pro-
posed trust network model, we developed a trust-based
service recommendation method based on collaborative
filtering named TSR. The experimental results show
that the recommendation precision of TSR improves
with a great extent compared with other five compared
approaches.

However, the dataset in this paper is not so sparse
as in reality. In reality, the rating matrix can be
very sparse and normal recommendation algorithms can
hardly keep high precision. So our future research will
focus on developing a mechanism on trust-based ser-
vice recommendation that aims at solving the sparse
problem of recommendation. And we will also carry
out some researches on trust-aware service composi-
tion. Different from service recommendation, service
composition needs to return an optimal composition of
multiple services rather than an optimal single service,
which is more challenging. We will also work on provid-
ing a formal benchmark for trust evaluation for services
to assess the behavior of different approaches.
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