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Abstract—In recent years, cloud computing is gradually evolv-
ing as a popular computing paradigm, which offers a uniform
platform for service providers to publish their applications as
cloud services. In many cases, however, single cloud service cannot
satisfy a service request due to its simple functionality. Further-
more, current service composition systems have seldom taken into
account user interests for personalized recommendation. In this
paper, we propose a novel framework for personalized service
recommendation in cloud computing platform by Web service
composition and user modeling. The proposed framework first
models cloud services together with a service request as a Web
service composition problem, called cloud service recommenda-
tion (CSR) planning problem. It is fed into our self-developed
service planner to compose a cloud service with complex business
workflow. Second, our framework also applies user modeling for
checking whether the generated composite cloud service can be
matched with the interests of service consumer. To validate the
feasibility of CSR framework, we have designed and implemented
two prototype systems, QoS-aware service composition system
and service platform based on user model.

I. INTRODUCTION

Web services are modular, self-descriptive, loosely cou-
pled, and accessible distributed software components. After
wrapping the functionality of an application and providing
accessible interfaces, they can be published over the Inter-
net, discovered by software agents and composed as new
value-added and cross-organizational distributed applications
[1]. From the perspective of Service-Oriented Architecture
(SOA), Web services have become one of the most important
components to dynamically create distributed applications as
requested. However, the underlining technique for SOA design
and implementation is referred to as Web service composition
(WSC), where no single service can be satisfied for a service
request. That is, WSC aims at composing a chain of connected
services from a Web service repository to create a new and
value-added composite service. WSC can be applied in a
variety of application scenarios, such as business workflow
management, electronic commerce, and enterprise application
integration.

Cloud computing is gradually evolving as a popular com-

puting paradigm. From the view of both application and
infrastructure, [2] defined cloud computing as both the appli-
cations delivered as services over the Internet and the hardware
and system softwares in the data centers. Currently, popu-
lar cloud platforms include Google File System, IBM Blue
Cloud, Amazon Elastic Computing Cloud (EC2) and Tsinghua
transparent computing system [3]. Cloud service providers
publish their cloud applications in the level of Software as a
Service (SaaS). However, in most cases these applications are
provided for cloud consumers in a cloud platform with only
single functionalities. As a result, single cloud service cannot
satisfy end consumers if they need to find a composite service
with several connected cloud services by multiple invocation
relationships, such as sequential, parallel, and conditional ones.
Therefore, how to efficiently wrap cloud resources as standard
services and dynamically compose a set of these cloud services
as a whole to serve for cloud consumers has become an open
research problem.

Furthermore, user modeling is becoming a powerful tool
to describe user interests by formal and conceptual languages.
There are two popular ways for the construction of user
model: content-based user modeling and semantic-based user
modeling. They have been applied in real-world applications
for personalized recommendation. However, user’s interest
features are always complex and difficult to capture. Thus,
how to construct user modeling and apply it to Web service
composition for cloud service recommendation is a research
issue to be resolved in cloud computing platform.

To solve above research challenges, this paper proposes
a novel framework for cloud composite service recommen-
dation. To the best of our knowledge, it is the first time to
propose a framework that integrates service composition and
user modeling into cloud computing platform for personalized
service recommendation. It depends on our previous research
works in dynamic service composition [1] and user modeling
[4]. Our approach firstly translates cloud services with cloud
QoS values and service interest features to a cloud service
planning domain with formal planning description languages.
Then, when a service consumer submits a cloud service
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request, our approach formulates a Web service composition
problem, called cloud service recommendation (CSR) planning
problem. As a consequence, depending on the CSR planning
problem, we employ an off-the-shelf highly efficient automated
planner (e.g. Metric-FF [5]) or our self-developed planner (i.e.,
CSTE planner [1], [6]) to generate a cloud service, which
is a composite service with a chain of connected services.
Furthermore, to check the satisfiability of generated composite
service, we apply user modeling techniques to matching the
cloud service interests. By doing so, our approach provides
personalized cloud service recommendation.

The proposed cloud service recommendation framework is
supported by our two implemented prototype systems in Java.
The prototype system for dynamic composition of Web ser-
vices takes composition request with multiple QoS constraints
and user preferences as inputs, and it generates a composite
service. Service platform based on user model constructs user
model from the perspective of content interest degree and
semantic interest degree, which can provide user interests
for personalized recommendation. In our future experimental
evaluation, these two prototype systems will be seamlessly
integrated into a self-constructed cloud computing environment
for cloud service recommendation.

The rest of this paper is organized as follows. Section
II reviews related work. Section III formulates our research
problem. Section IV describes our approach for cloud service
recommendation. Section V presents our two implemented
prototype systems on service composition and user modeling,
respectively. Finally, Section VI concludes our paper and
discusses the future work.

II. RELATED WORK

A. Dynamic Composition of Web Services
According to the applied theories and techniques [7], WSC

methods can be classified as workflow-based, AI planning
based, graph theory based, and program synthesis based meth-
ods. However, we mainly investigate planning-based dynamic
composition of Web services, since we apply automated
planning as the fundamental techniques for cloud service
recommendation.

Many research efforts using AI planning techniques have
been reported in recent years. Web service planner (WSPR)
[8] presented an AI planning based algorithm to implement
automatic composition of Web services. To find a feasible
composition solution, it goes through two phases including
forward search and regression search. During its search for a
composition solution, a heuristic function is used to choose a
service with the biggest contribution to match a subgoal. The
authors in [9] proposed a service composition algorithm by
planning graph model. The process of finding a composition
solution is the construction of a planning graph. Although it
is a complete algorithm, when a new planning graph level
is expanded by a set of applicable services, it just selects a
subset of services in order, until they cover all of the output
parameters of the candidate services. A generic framework for
service composition was presented in [10], where a service
repository described by OWL-S is translated to an AI planning
domain in PDDL.

Besides the above planning based WSC methods, Auto-
mated planners have been applied to address a WSC prob-
lem. SHOP2 is a Hierarchical Task Network (HTN) planning

system, which has been exploited for automatic Web service
composition in [11]. All of the available services are first
translated to a SHOP2 domain, and then SHOP2 planner re-
cursively divides a composition task into many subtasks, until
every subtask can be executed by a single service. Hoffmann
et al [12] presented a planning-based method to formalize a
special case WSC problem called “Strictly Forward Effects”.
It takes integrity constraints as background theory specified by
ontology to describe domain constraints.

B. User Modeling
User modeling technique is used to describe user interests

by formal and conceptual languages. In the user model con-
struction, how to convert the raw documents into user’s interest
subjects is significant. A variety of construction methods
of user model have proposed, such as content-based user
modeling and semantic-based user modeling.

Content-based user model focuses on document content
analysis to classify the categorization of user’s browsing his-
torical records for deriving the hot interest and meaningful
subjects. Considering the blogosphere unique characteristics,
Agarwal et al. [13] proposed collective wisdom to cluster blogs
to serve the needs of users. Mei et al. [14] presented a mecha-
nism to explore the distributions and evolution models across
time and space from the contents. Lee [15] applied a density-
based online clustering method for mining micro-blogging text
streams to obtain temporal and geospatial features of real-
world events, and proposed comprehensive spatio-temporal
viewpoint to satisfy their information needs. Considering the
characteristic of short text messages, Esparza [16] described
users and products from the terms used in abbreviated and
highly personalized commentary and studied how Twitter-like
short-form messages could be used as a source of indexing
and retrieval information for product recommendation.

Semantic-based user model focuses on investigating the
semantic links to obtain user’s interests for generating personal
user model. Taking into account semantic information and
word order information, Li [17] proposed an algorithm to
model human common sense knowledge representation and
knowledge discovery through computing the similarity be-
tween two sentences. Based on WordNet and multiple ontolo-
gies, Ray et al. [18] proposed blog content theme expansion
approach and a ranking algorithm for blog content in order
to recommend conceptually related expanded themes of blog
content. Another ontological approach over user model in
recommendation systems is introduced in [19]. The authors
proposed two systems, Quickstep and Foxtrot, which learn
user model by monitoring the user’s behaviors and gathering
relevance feedback information from them in the process of
recommending on-line academic research papers.

III. PROBLEM FORMULATION

This section focuses on the formulation of cloud service
recommendation problem using the techniques of planning-
based Web service composition and user modeling. We first
formulate cloud service and user modeling, then define the
problem of cloud service recommendation.

Definition 3.1: (Cloud Service). A service s is defined as a
4-tuple (I,O,Q,U), where I = {I1, I2, · · · } is a set of input
parameters, O = {O1, O2, · · · } is a set of output parameters,
Q = {Q1, Q2, · · · } is a set of QoS values that represent the
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non-functional values of s, and U = {U1, U2, · · · } is a set
of service domain features that represent the interests of s
provided for cloud service consumers, where each U i is a
concept from a domain ontology. We use s.I , s.O, s.Q, and
s.U to denote I , O, Q, and U of s, respectively.

Each cloud service plays a role that can perform a specified
task. A cloud service repository is a set of disjoint services. It
is defined as follows.

Definition 3.2: (Cloud Service Repository). A cloud ser-
vice repository S = {s1, s2, · · · } is a set of cloud services.
Where, each s ∈ S is a service.

Given a cloud service s = (I,O,Q,U), its multiple QoS
values Q correspond to a set of cloud QoS criteria as below.

Definition 3.3: (Cloud QoS Criteria Set). Cloud QoS cri-
teria q represents a dimension of non-functional criteria in
a cloud service s. QoS criteria set, qos = {q1, q2, · · · , qn},
are a set of QoS properties. For ∀qi ∈ qos(1 ≤ i ≤ n), it
corresponds to a QoS value Qi ∈ s.Q in a cloud service s.

Cloud QoS criteria can be divided into two categories:
positive and negative. Positive cloud QoS criteria denote better
quality with higher values, while negative ones correspond to
lower quality with higher values.

Based on widely used QoS criteria [20], we apply a QoS
criteria set qos = {q1, q2, · · · , qn} to model and specify
the QoS values of each cloud service s. More specifically,
we employ qos={cloud time, cloud price, cloud availability,
execution success rate, reputation} as references of QoS
criteria for cloud service providers to offer QoS values for
a cloud service. As mentioned above from the classification
of cloud QoS criteria, cloud time and cloud price are clarified
as negative QoS properties, while cloud availability, execution
success rate, and reputation are positive ones.

Definition 3.4: (Cloud Consumer Preferences). Given a
set of cloud QoS criteria qos = {q1, q2, · · · , qn}, cloud
consumer preferences, denoted as W = {w1, w2, · · · , wn}, are
a set of corresponding QoS weights. For each qi(1 ≤ i ≤ n),
a cloud service consumer can assign a QoS weight wi(1 ≤
i ≤ n) to express the preference on the criterion, while all the
weights must satisfy

∑n
i=1 wi = 1 and 0 ≤ wi ≤ 1.

In addition to cloud consumer preferences attached on a set
of given cloud QoS criteria qos = {q1, q2, · · · , qn}, a cloud
service consumer always submits multiple QoS constraints on
each criterion to enhance the satisfiability of non-functional
features for desirable cloud service.

Definition 3.5: (Cloud QoS Constraints). Given a set
of cloud QoS criteria qos = {q1, q2, · · · , qn}, C =
{c1, c2, · · · , cn} is denoted as a set of cloud QoS constraints,
where each ci ∈ C is a constraint on the corresponding cloud
QoS criterion qi ∈ qos(1 ≤ i ≤ n).

Depending on the cloud QoS classifications, for a positive
cloud QoS criterion qi ∈ qos(1 ≤ i ≤ n), we set ci = (qi,≥
, vi) as a cloud QoS constraint, where vi is the lower bound
of qi. In the same way, for a negative cloud QoS criterion
qj ∈ qos(1 ≤ j ≤ n), cj = (qj ,≤, vj) is denoted as a cloud
QoS constraint, where vj is the upper value of qj .

Definition 3.6: (Cloud Service Request). A cloud service
request is a 4-tuple, denoted as r = (Ir, Or, C,W ), where
Ir = {I1r , I2r , · · · } is a set of input parameters provided
by a cloud service consumer as initial conditions, Or =

{O1
r , O

2
r , · · · } is a set of output parameters desired by the

cloud service consumer. C and W are cloud QoS constraints
and cloud consumer preferences, respectively.

Definition 3.7: (User Model). Given a domain ontology
DO, a user model for a cloud service consumer, denoted as
Uc = {(U1

c , Cid1, Sid1), (U
2
c , Cid2, Sid2), · · · }, where U i

c ∈
DO is an ontology concept that specifies one facet of user
interests, Cidi represents the content interest degree on U i

c ,
and Sidi represents the semantic interest degree on U i

c .

Given a set of available disjoint cloud services, a cloud
service request, and the user model of a cloud service con-
sumer, we can formally define the problem of cloud service
recommendation (CSR) in the following.

Definition 3.8: (Cloud Service Recommendation, CSR).
A cloud service recommendation problem is defined as a
6-tuple, denoted as CSR=(S,C,W,Uc, Ir, Or), where (1)
S = {s1, s2, · · · } is a cloud service repository, (2) C =
{c1, c2, · · · , cn} is a set of cloud QoS constraints on the
specified cloud QoS criteria, (3) W = {w1, w2, · · · , wn} refers
to corresponding cloud consumer preferences on the cloud QoS
criteria, (4) Uc = {(U1

c , Cid1, Sid1), (U
2
c , Cid2, Sid2), · · · }

is the set of user interests and associated degrees extracted
from domain ontology and real-world applications, (5) Ir =
{I1r , I2r , · · · } is an initially functional condition with a set
of input parameters, and (6) Or = {O1

r , O
2
r , · · · } is a goal

specification with a set of desirable output parameters.

The cloud service recommendation problem defines a ser-
vice composition problem with QoS optimization and user
model requirement. The solution to a cloud service recommen-
dation CSR = (S,C,W,Uc, Ir, Or) is a composite service
with a chain of connected cloud services. The generated
composite service can match the cloud service request r =
(Ir, Or, C,W ) from the view of functionality Ir and Or, cloud
QoS constraints C and QoS optimization of cloud service using
a weighted sum of preferences W , while the corresponding
user model Uc of the cloud service consumer must be satisfied
by a combination of interests of cloud services included in the
composite service.

IV. CLOUD SERVICE RECOMMENDATION

Cloud service recommendation can be divided into two
steps. The first one is to dynamically compose a chain of
connected cloud services by using planning-based Web service
composition approach based on our previous work [1], which
includes planning domain translation of cloud services and
planning of generating a composite cloud service. In the
second step, user models of cloud service consumers are
constructed and the semantic matching between user model
and a combination of interest features of cloud services is
checked for the satisfiability of the composite cloud service
for personalized service recommendation. The framework of
cloud service recommendation is illustrated in Figure 1.

A. Framework of Cloud Service Recommendation
To validate the feasibility of our proposed approach using

planning-based Web service composition and user modeling,
we propose an architecture of cloud service recommendation.
The system architecture is outlined in Figure 1. It consists
of several modules, including a CSR graphical user interface
(GUI), user modeling, user model checker, cloud service
development, CSR planning translator, cloud service planner,
and cloud service infrastructure.
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Figure 1. The framework of personalized cloud service recommendation.

The process of cloud service recommendation based on
planning-based Web service composition and user modeling is
comprised of four steps. First, cloud service developers gather
the cloud services from CSR infrastructure by CSR manage-
ment and scheduling. These cloud services are translated to
a cloud service recommendation planning domain by CSR
planning translator. Second, cloud service consumers provide
their interests by selecting semantic concepts from domain
ontology, so that user model developers organize and store
user models into the system. Third, a cloud service consumer
submits a request by GUI, which is translated to a CSR request
with formal expression. Finally, based on the generated cloud
service request, user model and CSR planning domain, the
CSR system invokes a cloud service planner and user model
checker to generate a composite cloud service that is composed
by a chain of connected cloud services and returned to the
cloud service consumer.

B. Planning Transition of CSR Problem
Based on our previous work [1], the cloud service planning

problem and cloud service action are defined as below.

Definition 4.1: (Cloud Service Planning Problem). A
cloud service planning problem is defined as (A,L, V, s0, g),
where A is a set of cloud service actions, L is a set of logical
facts, V is a set of numeric variables, s0 is the initial state,
and g is a goal specification.

A cloud service planning problem describes a planning
problem with logical reasoning, cloud response time temporal
constraints planning, and cloud QoS optimization.

Definition 4.2: (Cloud Service Action). A cloud service
action a is defined by a tuple (pre, eff, μ, ρ), where

• pre(a) is the action precondition that consists of a set
of numeric constraints based on numeric variables V
and a set of logical facts, each of which is an atomic
proposition l ∈ L.

• eff(a) is the action effect that consists of a set of
numeric effects based on V and a set of logical facts
from L.

• μ(a) is the action duration of cloud service.

• ρ(a) is the action cost of cloud service.

A planning solution to a cloud service planning problem
(A,L, V, s0, g), is a composite cloud service, which is a
dependency graph G∗ = (V,E). It transforms the initial
state s0 to a goal state g∗, such that all the logical facts in
g are subsumed in g∗, i.e., g ⊆ g∗. Moreover, an optimal
solution to a cloud service planning problem (A,L, V, s0, g)
minimizes the cost of all cloud service actions in G∗, denoted
as min

∑
ai∈G∗ ρ(ai).

Given a cloud service recommendation problem CSR =
(S,C,W, rin, rout, U), we first translate it to a cloud service
planning problem (A,L, V, s0, g) without the consideration of
user model U . The process of planning translation of CSR
problem is as follows.

(1) For each cloud service s ∈ S, we use I,O,Q from the
service s = (I,O,Q,U) and transform it to a cloud service
action a = (pre, eff, μ, ρ). Precondition pre(a) and effects
eff(a) are translated by s.I and s.O from logical parts, while
cloud QoS constraints C and predefined global QoS variables
V on QoS criteria are applied to check the satisfiability of
global cloud QoS constraints in pre(a) and update the cloud
QoS effects in eff(a). The duration μ(a) of a cloud service
action a is transformed from the QoS value of cloud time in
s.Q, and the cost ρ(a) of a cloud service action a is set by
a weighted sum of normalized QoS values of s.Q. (2) The
logical facts of cloud service planning problem include all
precondition and effect facts by input and output parameters
from every cloud service s ∈ S. That is, for each Ii ∈ s.I or
Oi ∈ s.O, we add a logical fact to L by first-order predicates.
(3) Variables V in cloud service planning problem are divided
into four groups to represent objective QoS value function,
global QoS constraints of composite service, QoS effects of
cloud service, and service consumer preferences. (4) Initial
state s0 is set by the initial logical facts from rin and initial
cloud QoS values of the four kinds of variables from V and
W . (5) Goal specification g is set by goal parameters rout.

C. Cloud Service Planning Problem Solving
Given a cloud service planning instance (A,L, V, s0, g)

transformed from a cloud service recommendation problem
CSR = (S,C,W, rin, rout, U), we solve it by our previous de-
veloped service composition planner called CSTE planner [6],
which translates our problem to an optimization problem with
Satisfiability (SAT) constraints and global QoS constraints.
Furthermore, it is solved by our planner that generates a
composite service as a solution to our cloud service recom-
mendation problem without checking the satisfiability of user
model. It is a dependency graph which describes the correct
invocation and execution order of actions.
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Figure 2. A sample structure for “sport” in a domain ontology.

D. User Interests Modeling
The construction of a personalized user model based on our

previous work [4], which extracts the interest degree derivation
of subject. The interest degree consists of two components:
content interest degree and semantic interest degree.

1) Content Interest Degree of Subject: Documents recorded
usually contain different interest subjects. In our work, text
preprocessing of stop word removal and word stemming is
processed to deal with the text. It is finally represented as
d = {(t1, w1), (t2, w2), · · · , (tp, wp)} formed by a set of term
weighting pairs as follows.

wd
i = tfid ∗ idfi (1)

tfid =
fid

maxl(fld)
(2)

idfi = log
Nd

ni
(3)

where fid represents raw frequency of term i in document
d and maxl(fld) is the frequency number of term l which has
the maximum frequency in d. Nd is the number of documents
in training set and ni is the number of documents that have
the same frequency number of term i as d.

For a interest subject s, the document set involved for the
user u is represented as Du

s . The weight of a specific subject
s for user u can be calculated using the accumulated function:

ws(u) =
∑

d∈Du
s

wd
s ∗ η(s, d) (4)

where η(s, d) = 1 if s ∈ d; otherwise η(s, d) = 0.

Furthermore, content interest degree of subject s for user
u is computed as below.

Cids(u) =
ws(u)

maxs′∈Su{ws′(u)} (5)

where Su is the set of subjects the user u is interested in.

2) Semantic Interest Degree of Subject: To calculate se-
mantic interest degree, we construct a target user’s personal
interest tree by the user’s interest subjects. In addition, in
order to better analyze semantic relations of subjects, we
also consider hierarchical relationships, such as is-a and part-
of. In an ontology tree, semantic specificity of subject was
investigated based on the vertical hierarchical structure. The
hierarchical affiliation of category “sport” in a domain ontol-
ogy is illustrated in Figure 2.

The sematic specificity degree of target subject inherits
from the parent node with different propagation strengths

according to multiple levels and different number of siblings.
However, semantic interest is reflected by semantic strength
of subject relying on the user’s behaviors. Semantic strength
degree is the accumulation of sematic specificity degree. Se-
mantic strength degree for the user u on subject s is calculated
by:

Ssds(u) =
∑

d∈Du
s

Scd(s) ∗ γ(s, d) (6)

where γ(s, d) = 1 if s ∈ d; otherwise γ(s, d) = 0.

Taking into account all subjects the user is involved in,
semantic interest degree of subject s for the user u can be
computed as below.

Sids(u) =
Ssds(u)

maxs′∈Su{Ssds′(u)}
(7)

where Su is the set of subjects user u is interested in.

With the combination of two kinds of user interests, user
model for a target user is represented in terms of content
interest degree and semantic interest degree.

E. Satisfiability Checking of User Model
Given a Uc = {(U1

c , Cid1, Sid1), (U
2
c , Cid2, Sid2), · · · }

as the user model of a cloud service consumer extracted
from domain ontology and real-world applications, and a
composite service with a sequence of cloud services

∏
=

(s1, s2, · · · , sm), where each cloud service s = (I,O,Q,U).
We use Part-of as the semantic expansion of each interest in
a cloud service si, i.e., si.U . Therefore, semantic expansion
interests SemExi of the cloud service si can be accumulated
by the children of each interest U j ∈ si.U ∈ ∏

.

SemExi =
⋃

Uj∈si.U∈∏
Part-of(po, U j) (8)

As a result, in conjunction with the interest features of each
cloud service in a composition solution to a CSR problem, the
combination of user model of a composite cloud service

∏
is

computed by

U∏ =
⋃

si∈
∏
(si.U ∪ SemExi) (9)

The satisfiability checking between Uc and U∏ is as
follows. We first filter out those interest subjects from Uc =
{(U1

c , Cid1, Sid1), (U
2
c , Cid2, Sid2), · · · } where their corre-

sponding content interest degree Cid and semantic interest
degree Sid cannot satisfy a specified lower threshold. We
denote the remaining interest subjects as U

′
c. Furthermore,

relation of inclusion between each service interest U j ∈ U∏

and each interest subject in Uk
c ∈ U

′
c is iteratively checked for

the user model matching. Finally, the composite cloud service
could be recommended to the cloud service consumer, while
the user model checking is satisfied between U∏ and U

′
c.

V. EMPIRICAL EXPERIMENT

To validate the feasibility of our proposed work for cloud
service recommendation using service composition and user
modeling, we have implemented two prototype systems in Java
for dynamic composition of Web services and service plat-
form based on user model, respectively. These two prototype
systems can be plugged into the framework of cloud service
recommendation as core components for personalized cloud
service composition.
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A. Service Composition Planning System
For the dynamic composition of Web services, we have

implemented a prototype system based on a highly efficient
automated planner Metric-FF and a our developed CSTE
planner. The service composition system is outlined in Fig.
3. It has three main modules: service translation from WSDL
to planning domain in PDDL, dynamically searching for a
composite service considering QoS optimization using Metric-
FF or CSTE planner.

Figure 3. QoS-aware dynamic composition of Web services using planning.

During the process of dynamic composition of Web ser-
vices, we apply different automated planners in terms of the
requirements of service requesters. More specifically, when a
service requester submits a composition request with all five
cloud QoS constraints in Section III, we translate the service
composition problem to a cost sensitive temporally expressive
(CSTE) planning problem [6], [1], which is solved by our
developed CSTE planner that not only takes logical reasoning
and temporal planning into account, but also optimizes overall
QoS of a found composite service. For a restricted class of
QoS-aware service composition problems where there are no
cloud QoS constraints on temporal restriction and average-
based constraint, we can solve the Web service composition
problem using an efficient metric-based planner (Metric-FF
[5]).

B. Service Platform based on User Model
For the application of cloud user model, the fundamental

experiments of user model construction have been conducted
in our previous work [4]. A service platform based on user
model was developed and empirical experiment was tested in
this platform. In our experiment, the creation and update of
user model were implemented at set intervals. For example, a
user on the Internet likes sports, and one would keep special
concerns on sports for long time, and also pay attention to
the abundant news of sports from the websites. Our service
platform can monitor user’s behaviors and record relevant
information, and then create corresponding user model for

Figure 4. Service platform based on user model.

the target user according to historical behaviors. Figure 4
illustrates part of the user model, which extracts from a variety
of user operations, including click action, scroll action, close
action, and so on.

For a target user, as user’s interests often drift, so the corre-
sponding user model grows up with his browsing action being
recorded automatically in the platform. Some preferences in
one’s user model increases while some will decrease contrarily,
and some of them will disappear. The user model is visualized
as tree structure, which contains previous interests and updated
interests.

VI. CONCLUSIONS AND FUTURE WORK

This paper proposes a novel framework for cloud service
recommendation using the techniques of planning-based Web
service composition and user modeling. The method first
translates cloud services to a cloud service planning domain.
Then, we integrate it together with a service request to model
a cloud service planning problem. Finally, we invoke self-
developed or highly efficient existing planners to generate a
composite cloud service for the cloud service request. Our
proposed framework could be implemented by the integration
of Web service composition and user modeling prototype
systems.

Our future work focuses on the improvement of user
modeling checking, the integration of the service composition
and user modeling systems, and the validation on personalized
service recommendation in a real-world cloud platform.
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