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ABSTRACT 
As the number of available Web Service (WS) providers 
expands, redundancy will become prevalent with many 
service providers offering the same or similar service. In this 
paper, we propose a Web service recommendation framework 
which in this paper is referred to as recommender that 
analyzes the created generalized WSDL based on the 
functional and  non-functional requirements (i.e. QoS) and 
then recommends it to selected Web service providers to 
increase their retrieval probability in the related queries. The 
proposed framework gives Web services consumers and 
providers some confidence about the quality of service of the 
discovered and published Web services. 
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1. INTRODUCTION 
   
Web service technology is one of the most promising 
technologies in distributed computing area. Lately, 
developments in Web service discovery approaches mainly 
focus on the concept of the QoS (quality of service). With the 
sharp increase of the service number, many web services are 
in fact providing the same functions which make QoS a very 
important issue in distinguishing and ranking services with 
similar functionality. 
 
Previous researches have discussed about WS QoS models, 
definition, classification and QoS modeling and so on. Papers 
[4, 5] propose a QoS model. Service qualities are classified 
into four categories: user’s point of view, system level view, 
service level view, and business level view. Then the 
researchers select 5 service attributes to evaluate the web 
service: execution price, execution duration, reputation, 
successful execution rate and availability. Paper [7] 
introduces a method to extend the Web Service Repository 
Builder (WSRB) architecture by offering a quality-driven 

discovery of web services and uses a combination of web 
service attributes as constraints while searching for relevant 
web services. Paper [8] proposes a higher level framework for 
WS performance analysis and a recommendation based on the 
performance experienced by the client. The framework is 
divided into an ongoing analysis process and an on demand 
recommendation. 
 
Other approaches focus on improving the selection process of 
web services. Paper [9, 10] develops a middleware for 
enhancing web service composition for monitoring QoS 
metrics. However, many of the researches mainly focus on the 
QoS model establishment and ranking the services in a static 
way. These studies may be more reasonable if the ranking 
process can be extended to a dynamic way. 
 
QoS is a set of non-functional attributes that may impact the 
quality of the service offered by the WS. Each QoS attribute 
is measured by one or more QoS metrics, which specify all 
appropriate measurement    details. A QoS-based WS 
specification is materialized as a set of constraints on a certain 
set of QoS metrics. 
 
These constraints restrict the values the metrics can take. 
Actually, the current QoS-based WS specifications efforts 
only differ in the expressiveness of these constraints. 
However, these efforts fail in QoS metrics modeling as their 
model is syntactic, poor and not extensible. This has the effect 
on QoS-based WS discovery algorithms, which also present 
serious shortcomings, of producing irrelevant or incomplete 
results [6]. 
 
The purpose of this paper is to consider the dynamic factors in 
service running and to adjust the ranking of service based on 
the user preference.  
 
Our previous work [1, 2] demonstrated a framework for 
semantic Web service discovery based on the technology of 
agent and semantic Web services using user ontology. We 
demonstrated that generalized WSDL can be recommended to 
selected Web service providers because if Web service 
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providers describe themselves more complete their retrieval 
probability in the related queries will increase. In this 
framework we use the functional and non-functional 
requirements to evaluate the created generalized WSDL. 
 
The rest of this paper is organized as follows: Section 2 
proposes a framework for recommender, and then gives an 
algorithm for certifying generalized WSDL based on 
functional and non-functional requirements. Section 3 
outlines our plans for future works and concludes. 
 
2. PROPOSED FRAMEWORK FOR 

RECOMMENDER 
 
Based on the prior Web service discovery framework, a 
recommender framework is proposed, which aims at 
providing the service requester with appropriate services in 
terms of user interest profile given by the ontology manager 
in [2].  
 
The basic consideration behind the idea of recommender is 
that if Web service providers describe themselves more 
complete their retrieval probability will increase. Thus, it 
would be of great help for the provider if there is a computer 
system which may provide him or her with a recommendation 
of a generalized WSDL. 
 
Fig 2 explains the proposed architecture of recommender in 
detail while showing its relation with outside world (Fig 3), 
too.  
 
As depicted by Fig 2, the proposed recommender framework 
contains two parts, functionality evaluation  and QoS checker. 

We assume here that the extraction component is an 
independent component to extract generalized WSDL 
functionalities for web service quality evaluation by 
comparator. The functionalities comparator receives the 
extracted functionalities of generalized WSDL and compare 
with the functionalities of this group that have been stored in 
functional registry using FMCA (Functional Metrics 
Certification Algorithm) algorithm to evaluate generalized 
WSDL functionalities quality. The generalized WSDL 
functionalities quality is evaluated and a response is sent to 
decision engine. 
 
QoS is an important attribute in selecting WS providers, when 
there is more than one WS provider offering the same or 
similar service. Although there are many different definitions 
of QoS of WS [3, 13-15], performance is one of the important 
QoS attributes identified by all researchers [11]. 
 
The QoS checker receives the generalized WSDL and verifies 
QoS of the generalized WSDL using QSMCA (QoS Metrics 
Certification Algorithm) algorithm with QoS registry, and 
then sends the result to decision engine.  
 
After evaluating the generalized WSDL functionalities quality 
and QoS, decision engine using decision algorithm evaluate 
these results. Then a response is sent to CU by decision 
engine whether if the generalized WSDL has been accepted or 
declined for recommending to selected Web service 
providers. Finally, CU recommends accepted WSDL to 
selected Web service providers; CU is informed of the results 
of recommendation. 
 

Fig 1. Proposed framework of recommender 
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Fig 3. Decision algorithm 

 
2.1. Certification Process 
In this paper, we introduce a decision algorithm. This 
algorithm allows decision engine to take part in the process of 
generalized WSDL certification when recommender wants to 
evaluate generalized WSDL based on functional and non-
functional (QoS) requirements. 
According to Fig 3, algorithm FMCA (Functional Metrics 
Certification Algorithm) handles every functional metric 
certification of its group dynamically and algorithm QSMCA 
(QoS Metrics Certification Algorithm) handles every QoS 
metric certification dynamically based on the current QoS 
measurement algorithm [12]. At last, it generates the result of 
acceptance or rejection of the generalized WSDL. 
 
 
Decision Algorithm 
(1) According to FMCA, calculate the match degree 

of each functionality of generalized WSDL with 
functionalities of its group in functional registry 
and return the matched result (FMsg); 

(2) According to QSMCA, calculate the match 
degree of each QoS property of generalized 
WSDL with default QoS in QoS registry and 
return the matched result (QMsg); 

(3) IF ((FMsg * QMsg)=1) 
(4)       Accept= 1; 
(5) Else 
(6)      Accept=0; 
(7) Return Accept; 

 

FMCA (FunctionsList) 
1.  Set function                 FunctionsList(N) 
2.  Set registry                Functional registry function(M) 
3.       FC            0 
4.     for each item in setfunction 
5.        do if item.num ≥ N 
6.          then  
7.             if item matches item in Set registry   
8.                  FC          FC +  1 
9.            else 
10.                 add item to Functional registry  
11. Threshold=FC/M 
12.     If Threshold ≥ 0.5 
13.        FMsg          1 
14.     else 
15.        FMsg           0 
16.  return FMsg 

 
 
As shown in Fig 1, decision engine first sends the generalized 
WSDL to the extraction component for extracting 
functionalities of the generalized WSDL. Then the extraction 
component extracts the FunctionsList. There is a 
FunctionsList (with N members) to certify that if satisfying 
the functional requirements as step 1 in Fig 4 and there is a set 
of functionalities (with M members) of its group in functional 
registry as step 2. Then as step 5-11, if there are enough 
records for matching, a counter as FC (Function Count) is set. 
If no service could match the request, the request will be 
added into Functional registry. After step 11, the FC will 
compare with threshold and the FMsg is set and will be sent 
to the decision engine. 
 
 

Fig 2. Flow of control during recommender 

Fig 4. FMCA algorithm  
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 QSMCA (Generalized WSDL) 
1.  Set QoS           Generalized WSDL  
2. QC          QoS Certify 
3. QC          0 
4.       for each item in setQoS 
5.         while item.num ≥ N 
6.           do  
7.               calculate QoSestimated 
8.             if  QoSestimated  matches QoSRegistry 
9.                  QCitem          1 
10.              else 
11.                  QCitem           0 
12.   QC=  QC1 ^ QC2 ^….^ QCN 
13.   If QC =1 
14.         QMsg           1 
15.      else 
16.         QMsg         0 
17.  return QMsg           

 
 
As shown in Fig 1, decision engine first sends generalized 
WSDL to the QoS checker for verifying QoS of the 
generalized WSDL. There is a WSDL to check if satisfying 
the QoS requirements as step 1 in Fig 5. While there are 
enough records for estimation, QoS checker will calculate the 
QoS of this generalized WSDL as step 2- 7 and matches 
estimated QoS of WSDL with QoS registry. If estimated QoS 
could match the QoS registry, the QC (QoS Certify) is set as 
step 8-11. After step 11 the overall of QC will calculate for 
the generalized WSDL. After verifying QoS, QMsg is set and 
will be sent to the decision engine. 
 
3. CONCLUSION AND FUTURE WORK 
 
In this paper, we have proposed a new framework for 
recommender in which evaluates generalized WSDL quality 
based on functional and non-functional requirements. So that 
the accuracy of Web service discovery with recommending of 
generalized WSDL is improved apparently. With this 
framework, Web Service discovery can be more efficient than 
before. Evaluation of QoS attributes will be taken into 
account in the future research. Further, how to deal with 
composed services is also a challenge in this Web service 
discovery framework. 
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