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Abstract—Considering the existing problems in Web service 
such as lack of semantic information and interoperability, 
atomic services can not cooperate with each other and be 
combined into composite services. In this paper, based on 
extended UDDI, we present a semantic annotation 
framework for Web service description and composition. 
The novel service matching algorithm not only takes into 
account the height factor of ontology tree and local density 
factor for the impact of semantic distance, but also the 
degree of semantic overlap. Experimental results show that 
the proposed service matching algorithm improved the 
efficiency of Web service discovery, and thus Web service 
can be composed easily to form more complicated inter-
related services. 
 
Index Terms—ontology, interoperability, semantic 
annotation, Web service matching  
 

I. INTRODUCTION 

Nowadays, academic as well as industrial communities 
focuses part of their research and development activities 
on technologies like data exchange, Web service 
discovery and composition, security, performance 
evaluation and so on. 

The fundamental architecture of Web service 
implements SOA (Service Oriented Architecture)[1] 
which enables applications to be integrated on different 
network platform. SOA guides the creation of 
collaborative services that are loosely coupled and 
independent of their implementation technologies and 
enables a variety of services to interact with each other. 
Web service is the most suitable technical solution to 
implement SOA [2]. Based on Web service, data and 
information on the Web can be interacted with each other 
and be integrated effectively, which solves the problems 
brought out by heterogeneous information systems. A set 
of technical specifications supports Web service, such as 
Extensible Markup Language (XML), Simple Object 
Access Protocol (SOAP), Web service Description 
Language (WSDL), Universal Description, and 
Discovery and Integration (UDDI). 

With the increasing number of Web service on the 
network, the way to find users' needs from the mass of 
service becomes more and more critical. Matching effect 
of Web service is directly related to the quality of the 
services that users invoked. Therefore it affects the 
implementation of Web service composition and the 
effect. As it is known, the recall and precision rates of 
UDDI and WSDL-based service matching are relatively 
low [3]. Combining ontology with Web service, 
semantics enables automatic service matching. 

The purpose of this work is to present, a semantic 
annotation framework for describing Web service and 
extending UDDI to support semantic Web service. 
Furthermore, an improved algorithm based on semantic 
similarity computation improves the efficiency of service 
discovery, which sets up a solid foundation for service 
composition. 

The rest of this paper is organized as follows. Section 2 
is mainly related to the work concerning semantic 
annotation. Section 3 is devoted to the related work 
concerning semantic annotation and extended UDDI. 
Section 4 focuses on improved service matching 
algorithm. Section 5 presents experimental validation of 
the proposed algorithm and contrast to other algorithms. 
Section 6 concludes the paper and suggests some future 
works. 

II. RELATIVE WORKR 

A. Definition of Terms 
There are plenty of relative terms and concepts about 

semantic Web service; definitions [4] of related concepts 
are as follows: 

• Ontology: A philosophical term which means: 
“the knowledge of what is to be in oneself”. 
Ontology used in data processing indicates a 
structured set of knowledge in a domain. 
Ontology is an explicit share specification of the 
various conceptualizations in a particular domain. 
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• Semantic annotation: An annotation is a link to 
its semantic description assigned to an entity in 
the text. A semantic annotation is referent to a 
relative ontology. 

• Reasoner: A mapping engine is a reasoner to 
match service advertisements with requests. The 
reasoner provides a semantic algorithm to match 
inputs and outputs of Web service during the 
matchmaking process. 

• Matching: The matching operates two concepts 
according to some similarity features of Web 
service.  There are some functional properties of 
services such as inputs, output, precondition and 
effects (IOPE). The matching of relevant 
concepts for Web service was introduced by 
Paolocci [5]. 

• Similarity measure: The reasoner defines four 
levels of similarity between two concepts A and 
B. 

Equivalence: A and B are seen as equivalent and 
they represent the same concept.   
Subsumption: Concept A is more general than 
concept B. 
Opposite subsumption (plugin): Concept A is 
subsumed by the concept B, which means that 
concept B is more general than concept A. 
Difference (fail): Concept A and concept B are 
different. 

B. Semantic Description Languages  of  Web Service 
      Numerous semantic Web service frameworks are 
proposed and promoted for standardization by W3C. The 
most prominent ones are OWL-S (Ontology Web 
Language for Services), WSMO (Web service Modeling 
Language), WSDL-S (Web service Description Language 
Semantic) and SAWSDL (Semantic Annotation for Web 
service Description Language), which evolved from the 
WSDL-S specification. All these works were studied 
according to the following criterion: 

• Resource: Semantic description (XML schema, 
WSDL, UDDI, and etc). 

• Property: It means what described semantically in 
the document, such as inputs and outputs. 

• Language: It describes the representation 
language of the semantic model (WSDL, OWL). 

• Annotation: It specifies if the annotations are 
independent or are saved in other documents. 

• Model: It specifies if the model of semantic 
domain is internal or external. 

• Matching: It indicates the type of the matching 
algorithm and its properties. 

III. SEMANTIC  ANNOTATION  FRAMEWORK  AND  
EXTENDED UDDI 

There are two ways to use ontologies for Web service 
description. The first way is adding semantic information 

directly in the existing Web service standards, and using 
domain ontology to annotate directly on the WSDL file 
directly. The second way is to define ontology of Web 
service description, such as WSMO or OWL-S [6]. Web 
service description augments the concept annotation of 
domain-specific ontology. [7] builds a domain ontology 
to describe service functional information and provide 
consistent description. In addition, a matching algorithm 
was given for the requester and provider, but the paper 
didn’t show how to realize the ontology mapping.  [8] 
used domain ontology to annotate  WSDL. [9] was based 
on the latest SAWSDL specifications of W3C. 
Automatically matching algorithm took into account 
services function and interface parameters. However, 
related concepts could not be expressed effectively based 
on the domain ontology. 

A. Semantic Annotation Framework 
In this paper, we proposed a semi-automatic semantic 

annotation framework based on the existing semantic   
annotation. On one hand, the framework inherits 
Paolucci’s approach [3]. The WSDL document is 
automatically converted to DAML-S according to the 
mapping relationship. On the other hand, the framework 
introduces the OWL ontology so as to add semantic 
information to services. WSDL document does not 
include the yellow pages and white pages information of 
Web service. Therefore, the framework utilizes editing 
tools to add involved description information that further 
improves the semantic description of Web service. In this 
paper, the semantic annotation framework is shown in 
Fig .1. 

 

 
Figure 1.   Semantic annotation framework. 

(1) Firstly, we use WSDL Document parser tool to 
parse WSDL Document. In this paper, we parse 
WSDL document with WSDL2OWL-S tool. But 
the parse results only translate WSDL information; 
this method can’t provide semantic support of 
WSDL document XSD vocabulary.  There are four 
OWL-S file generated after WSDL document has 
been parsed. 

(2) The XML vocabulary in WSDL document with 
related concepts in the domain ontology 
corresponding up through the human-computer    
interaction, it is also semantic annotation of 
WSDL document in an XML vocabulary. This 
step is based on ontology; we set up corresponding 
ontology before annotation of WSDL document. 

(3) The WSDL document itself doesn’t contain 
description of yellow page and white page Web 
service information, TextDescription and other   
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DegreeOfMatch (outB, outA): 
if outB =outA then return exact 
if outB subclassOf  outA then return exact 
if outA subsumes outB then return plugin 
if outB subsumes outA then return subsumes 
otherwise fail 

information also need to be added to the Profile 
file after WSDL has been parsed. 

     After the above there steps, we also need Profile file, 
Process file, Grounding file and Service file combined 
into a complete   OWL-S service description file. 
  

B. Extended UDDI  
It is known to all that pure WSDL doesn’t have 

semantic description capabilities, which leads to low 
precision for Web service matching results. OWL-S 
provides machine-understandable semantic information 
for Web service, and can effectively improve the 
performance of the WSDL description. Therefore, it is 
necessary to extend UDDI so as to support OWL-S 
specification.  

The semantic extended UDDI achieves two main 
functions. (1) Conversion mechanism from OWL-S to 
UDDI is established by referencing tModel to store 
semantic information of Web service; and (2) Clients 
(requesters) can query Web service referencing tModel 
type from the service library by invoking the service 
interface of UDDI API and obtaining the URL of the 
service description. Web service matching performance 
can be greatly improved by using extended UDDI.  

In order to make the UDDI registry to support OWL-S 
specification and store semantic information of Web 
service, it is necessary to establish mapping from the 
OWL-S to the UDDI, information in the OWL-S Profile 
which is embedded to UDDI. In this Paper, we refer to 
[11] which proposed DAML-S Profile to UDDI mapping 
mechanism, it implements OWL-S to UDDI mapping by 
extending the tModel type. The main idea of this method 
is described as follows: if the UDDI data elements 
corresponded to elements of OWL-S Profile, then it can 
be mapped directly; if no corresponding data elements in 
UDDI, and then it need create a new tModel type, so both 
of them produce a mapping relation.  

IV. ARGORITHM OF SERVICE MATCHING AND MATCHING 
FRAMEWORK 

A. Algorithm of Classic Matching  
Based on domain ontology of semantic Web service 

matching, researchers have proposed various calculation 
approaches. In [3], Matching results were divided into 
four categories according to the degree of service 
matching. The categories are ‘exact’, ‘plugin’, ‘subsume’ 
and ‘fail’. It is shown in Fig. 2.   

Figure 2.  Degree of service matching. 

In the above approach, outB corresponds to one output 
of the request and outA corresponds to one output of the 
advertisement. If outB=outA then outB and outA are 
equivalent, which we label as exact. The second clause is 
that outB subclassOf outA, and then the result is still 
exact. If outA subsumes outB than outA is a set that 
includes outB, the result is plugin. If outB subsumes outA, 
then the provider does not completely fulfill the request, 
and the result is subsumes. Failure occurs when there is 
no subsumption relation between advertisement and 
request which is identified. 

B.  Algorithm of Semantic Matching  
By introducing Web service ontology, Web service 

matching is converted into the calculation of concept 
similarity in the domain ontology library. This paper 
presents an improved ontology-based semantic similarity 
algorithm technology, which also improves the semantic 
matching algorithm. The basic idea of the algorithm is 
building domain ontology as reference. Based on domain-
specific ontology, we refer the depth factor and the local 
density factor when we calculate semantic similarity 
based on the semantic distance, and we also introduce 
degree of semantic overlap to calculate the semantic 
similarity of any two concepts. 

In this paper, we mainly consider the input parameters 
and output parameters of Web service in the semantic 
Web service matching. So we define an abstract Web 
service semantic description model as follows: 

Definition 1: We define Web service semantic 
description model as W=<I, O>.  I=<I1, I2 …, In > is a 
concept vector, which represents semantic description of 
n input parameters in W. I1 I2 … In represent their 
corresponding semantic concepts in domain ontology 
basis of n input parameters. O=<O1, O2, …, Om> is a 
concept vector, representing semantic description of m 
output parameters in W. O1,  O2 … Om represent their 
corresponding semantic concepts in the domain ontology 
basis of m output parameters. 

So we can change Web service matching into the 
matching between requestor’s service semantic 
description model W=<I, O> and Web service semantic 
description model in W′=<I′, O′>, Furthermore it can 
convert into the match between concept vector I and 
vector  I′, vector  O and vector O′ in the unified domain 
ontology. 

In the network environment, providers and requestors 
of the Web service often have different understandings 
and needs of the same type of service, which reflected in 
the Web service is that requested services and Services 
provided may be inconsistent at the input and output of 
the dimensions and order. It is the reason why semantic 
descriptions of Web service are independent with each 
other. So the concept vectors I, I′, O and O′ may have 
different situations in aspects of the dimension and the 
elements order. We must define the match of any two 
concept vectors in the same domain ontology before 
defining the concept of Web service matching formally.   

Definition 2: We define the calculation function of 
similarity of any two concepts in the same domain 
ontology as Sim(C1, C2).  C1, C2 are any two concepts in 
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the domain ontology, and the value of Sim(C1, C2) is 
between 0 and 1(including 0 and 1). The bigger the value 
is, the more similar two concepts are. 

Based on definition 2, we can define the same 
similarity of any two concepts vectors A, B in the same 
domain ontology. 

Definition 3: Assume that A= (A1 A2… An), B= (B1 
B2… Bm) are any two concept vectors in the same domain 
ontology, and the correlation matrix is as follows. 

⎟
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⎟
⎟

⎠

⎞

⎜
⎜
⎜
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So that we can get the formula of any two concept vectors 
in the same domain ontology: 

∑
=

∈=
n

1i

ji ）]m,1[j）），B，A（Sim（max （
n
1)B,A(S      (1) 

Semantic Web service matching can be abstracted as 
matching of semantic Web service description model, and  
matching of the semantic description model is based on 
the vector concept. Vector concept matching translates 
into matching of vector concept elements by definition 3. 
Matching degree of them can be calculated with 
similarity calculation. 

In the information query field, it is always the case that 
calculating the similarity between the two concepts is 
related to calculating the semantic distance of two 
concepts. So the larger semantic distance between two 
concepts, the lower the similarity; the smaller the 
semantic distance between concepts, the higher their 
similarity. 

Semantic distance is the shortest length of all relation 
chain between two concepts in the same domain ontology 
library. ），（ 21 CCDis  denotes the shortest distance 
between concept C1 and concept C2. Semantic distance is 
the most important factor to determine the semantic 
similarity.   

Definition 4:  the semantic similarity distance formula 
is as follows: 

)C,C(Dis1
1Sim

21
)C,C(Dis 21 +
=                               (2) 

i

n

1
21 Weight)C,C(Dis ∑= . Concept C1   and   concept 

C2   are arbitrary two concepts of the domain ontology 
library, iWeight is the weight of the shortest path from C1 

to C2. 
Definition 5: Formula for calculating the node weights 

is as follows: 
)density(Weight*））C（depth（Weight）C（Weight =      (3)  

Weight(C) signifies the concept C corresponding to the 
weight of the height factor. Weight (density) is local 
closed weight factor of node C. 
Weight(depth(C))=1/(2*Dep(C)). Dep (C) is the height of 
node C. 

Definition 6: The similarity formula for the degree of 
semantic overlap is as follows: 

))C(P),C(P(Max
)C(P)C(PSim
21

21
)C,C(Coin 21

I
=                               (4) 

P (C1) represents the amount of parent nodes in the 
concept C1. It is the amount of nodes from the concept 
C1 dating back to the root node. P(C1) ∩ P(C2) 
represents the amount of parent nodes whose concepts is 
shared by C1 and C2. Max (P (C1), P (C2)) represents the 
bigger amount of parent nodes between the concept C1 
and concept C2. 

Based on the above analysis and definitions, we can 
draw an integrated semantic similarity calculation. 

Definition 7: Comprehensive formula for calculating 
the semantic similarity is as follows: 

)C,C(Coin)C,C(Dis21 2121
Sim*)1(Sim*)C,C(Sim α−+α=   

(5) 
α   can be adjusted according to different applications 

and requirements as a regulatory factor. 
Definition 8: The formula for calculating the similarity 

of input and output is as follows: 
  Sww′=γ*S(O, O′)+(1-γ)*S(I, I′)                     (6) 
<I, O> and <I′, O′> are the input and output of Web 

service W and W′. 0.5<γ<1.  Output is more important 
than input for users and users have a greater control over 
in the output. Therefore, we increase the weight of output 
when calculating the similarity. 

C. Web Service Matching Framework  
In this section, a Web service matching framework has 

been proposed, as shown in Fig .3. 
 

 
Figure 3.  Web service matching framework. 

In this framework, an agency provides server that 
deployment extended UDDI, provider/requester could 
publish or search base on semantic Web service by it. 
We describe the process of release and find service as 
follows: provider describes Web service with OWL-S 
according to domain ontology library, and then publish 
to server by published API; requester describes service 
request with OWL-S according to domain ontology, 
and send to server by query API; server deals with 
request, service request and registered services match 
by our matching algorithm in the UDDI, finally, server 
returns appropriate Web service to requester. 
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There are 10 semantic service requests matched in test 
set, Fig. 7 shows average precision and average recall 
ratio of relationship in the algorithm I, II and III 
 

 
Figure 7.  Relation between precise and recall. 

As shown in Fig. 7, precision rate and recall rate of 
algorithm I was significantly lower than the algorithm II 
and algorithm III, while algorithm III slightly higher than 
algorithm II. 

VI. CONCLUSION AND THE FUTURE WORK 

This paper presented an available approach to crack 
the Web service matching problem. It presented a new 
annotation framework for implementing the 
transformation of WSDL documents to OWL-S service 
descriptions and extended query interfaces utilizing 
UDDI. The paper defined a semantic description model 
and proposed an improved algorithm to obtain good 
query results, the algorithm likes general algorithm 
considering the height factor of ontology tree and local 
density factor, but more than that, we also introduce the 
degree of semantic overlap. The results of experiments 
showed the feasibility and effectiveness of the proposed 
algorithm.   

With the rapid development of the technology of Web 
service, we will confront more and more new problems 
and numerous challenges. Further research about other 
approaches to solve the issue is necessary. We promote 
the technological development in the process of solving 
problems about engineering techniques. But there are 
some problems to solve. For example in this algorithm, 
there are some Web service matching factors that we 
ignore, such as precondition and effects of Web service 
operations, along with Quality of Service (QOS). So we 
need a more comprehensive model of semantic Web 
service description and further improve the proposed 
algorithm in order to further enhance the semantic Web 
service matching capability.  
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