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ABSTRACT: Grid computing, a new and broad area of research, aims at sharing available information and resources through
the use of computers over the network. To use the new applications of grid, it is necessary to adapt the modern software
components and assembled information resources in a flexible format. Web services incorporate the necessary capabilities in
achieving this goal called grid services. Due to the exponentially increasing amount of data, documents, resources and
services available on the web, finding an acceptable agreement between the user and the abilities of web or grid service as
well as forming an appropriate composition of service components for performing requested operation are critical issues.
Measuring the similarity of services is an important and valuable solution that is used in some practical reasoning such as
replacement of a service with another and combination of services and applications. Also, because the measuring the service
similarity needs an appropriate semantic model, therefore, in this paper a semantic model based on OWL ontology language
for services is presented and thus, similarity measure is provided. We find a semantic model for services and then provide a
method for measuring the similarity between two services. A mathematical model for solving given problems is also
proposed. The results evaluated by F1 measure obviously show the improvement of accuracy against previous method.
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1 INTRODUCTION

The grid can be considered as a network layer services that allow users to access the set of distributed and computing
resources, applications, and data resource. A grid service causes the entire network to be viewed as a seamless information
processing system accessed by users at any situation. The concept of grid services emanated in 1990 providing solutions for
resource sharing with high performance that deals with huge amount of computing of large data [2]. To use the new
applications of grid, it is necessary to adapt the modern software components and assembled information resources in a
flexible format. With respect to this and changes in procedure of a set of protocols, grid has been transformed to an
application and a service-oriented method. Open Grid Service Architecture (OGSA) incorporates the grid techniques and web
services. A grid service, in brief, is a Web service that follows a specific set of rules (institutions and intermediaries) that
define how the user interaction with the Grid services [14].
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With exponentially increasing amount of data, documents, resources and services available on the web, finding an
acceptable agreement between the user and the abilities of web or grid service as well as forming an appropriate
composition of service components for performing requested operation are critical issues because humans are not able to
provide effective and efficient means for the description of services, components and objects that are available on the web
[16].

Measuring the similarity of services is an important issue in many applications such as service discovery, service
composition and recommendation. Due to the increasing number of services, measuring the service similarity needs an
appropriate semantic model as proposed in this paper. We proposed a semantic model based on OWL ontology and in
regard to this model, we use semantic similarity for calculating services similarity [17, 1]. The remainder of the paper is
structured as follows:

Semantic model in services is described in the Section 2 for further discussion. Also, semantic similarity methods are
presented in Section 3 and afterward, using semantic services models and semantic similarity methods in Section 4. A
solution to the described problems is provided in Section 5 and finally, evaluation of proposed method and conclusion is
given in Section 6 and 7 respectively.

2 SEMANTIC SERVICE

The question that arises here is why the grid needs semantic? The answer is, first, the development of the grid without
the use of Semantic Web technologies is thus reducing transparency for users [1], because interpreting and managing the
huge volume of resources by human (users) is not easy. Using semantic web technology in interpreting the resources, users’
effort and attempts will be reduced and the use of resources will be effective and efficient [12]. The languages that describe
the service such as WSDL; only consider the Syntactic description of the service [8] and the information about what the
services performs is not provided to the user. Therefore, the user has to provide additional explanations about the
service.We have presented a semantic model for service and applied OWL ontology languages to model services. In this
system, each Web service is a class and relations between them are modeled based on the OWL ontology tags.

Classes of the tags ontology are displayed based on OWL [18]. Each class may include a subclass by OWL and Subclass tag
is displayed in OWL language. In these models, the class that includes sub-class, represents a combination of services. Each
class has a feature name that specifies the service name. In this paper, six properties are considered for each service that
through features, definitions in the OWL ontology language is modeled [5]. A service has its own specific non-functional
descriptions such as location, characteristics and so on. All these features are included into the characteristic called
metadata. In addition, we consider a special feature called the usage which represents applications of service. For each
service, we consider a feature called “IS-A” and last feature is reference that represent the resources in which will be
consumed by web services or grid. Figure 1 shows the features of a service in the ontology.
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Fig. 1. Features of Service

Input features indicate the type of input data that are necessary condition for running the previous service. Output
features indicate the type of output data and results service and “IS-A” feature reflects the service that is the current service
components. This feature is important in several respects [6]. Through that, sub-services of compound service can be
specified. Its main use is to determine the relation similarity among services between services that in next section further
studies will be investigated.
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3 CONCEPT OF SIMILARITY MEASURING

After defining a semantic model for services, it is necessary to present a method for measuring the similarity between
two services. Therefore, in this section some of similarity measure is introduced, two methods are considered for semantic
similarity. At the end of this section, a vector similarity measure is also expressed.

3.1 SIMILARITY MEASURING BASED ON THE CLASSIFICATION

One of the existing relationship between the concepts is “IS-A” relationship. Using this relationship, we are able to classify
the related concepts. If C be a set of concepts, therefore, the classification of concepts is defined as 7(C,<)that c<¢’

meansC IS—-A4C [19, 7].

In this method, two concepts as one ontology should be placed where it tends to be grouped in one class. If two concepts
are different in the two ontologies, they are therefore merged and form a unified ontology [3]. The similarity between two
concepts is defined as [7]:

o(C,C") =1-5(C,C'") (1)

Where 5(C, C') indicates weighted distance between two concepts. In classification for any concepts C, the weight W(c)
exists and cpp(c,,c,) is the weight of common father for two concepts ¢; and c,.With considering these definitions, the

value of 5(C,C') is calculated as :
5(01 ,Cy) = [w(ccp(cl, ¢)— W(cl)] + W[Ccp(clac2) - W(cz)] (2)

The concepts weight of classification is calculated by [19,7] :

1
wn) = sy (3)

In this equation, L(NV)indicates the length of path to the node N in the classification tree and K denotes a pre-defined

value greater than 1 that here value 2 is considered .This model has two main properties: (1). in high levels, the concept
differences are more than existing differences in the lower levels. (2).the distance between two concepts is more than
difference between child and parent. For example consider the Figure 2, in this Figure we want to calculate the similarity
degree between two concepts car and truck that following steps are performed as shown in Figure 3.

Vehicle
Truck Car Bus
Luxury Car Family Car Sport Car

Fig. 2. An example of concept classification
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w(Vehicle) =0.5

wo(Truck)=0.25

a(SportCar)=0.125

O(Truck,Vehicle) =0.5-0.25=0.25
o(SportCar,Vehicle) =0.5-0.125=0.375
O(Truck,SportCar)=0.25+0.375=0.625
O(Truck,SportCar) =1-0.625=0.375

Fig. 3. Steps for calculating similarity degree between two concepts car and truck

3.2 IMEASURING THE SIMILARITY BASED ON FEATURES

In the previous methods for calculating the semantic similarity of concepts, only the classification structure of concepts
was considered and other concepts and features were overlooked. Each concept has a number of features and a set of object
features [6].

Different characteristics of the concept are identified by features. For example, consider two of the Person of the Father.
One concept of Person [6,7] can have a property of a data type called the Father and Father concept can have a property as
SubClassOf of a relation related to this concept. Father also has a relationship as HasChild with Person that is defined as
following:

F (Person) = {(type, class), (HasName, String)}
F(Faher )={ (type, class ), (HasHame,String ),
(SubClassOf, Peron ), (HasChild , Person ) }

In the example above, because the Father is one SubClass of Person then inherit the HasChild property .Two more general
properties are important rather than a particular property of a concept. Similarity between two concepts c, and c, can be
defined as follows [6].

2 f(e)NS(c,) |
Flennfe,) [+ fepUsie) |

o(c,¢,)=

(3)

The success of these measures depends on the degree of context properties. In most of the current ontologies only
relationship between concepts in ontology is defined and rest relationships are ignored. In this type of ontology similarity,
measuring between two concepts based on feature cannot be useful, and the result is often not acceptable.

Vector model. Words or concepts indicators in this model (e.g., questions and documents), are defined as weighted.
The matching degree of two vectors denotes the similarity degree between them. Two concepts are considered in the t
dimension space and similarity between text and question is defined by similarity between p; and g; vectors.

Dice measuring. This method is used for measuring similarity between two concepts defined as vectors. The equation
5 for this measuring method is formulated as

2% (w. , xw,
Simdice (ds s ql) = n[ k—l( s,k - ik )] (4)
Zk:l W, t Zk:1 Wiy
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4 SERVICE SIMILARITY

Similarity between services can be looked at from several aspects that each of these similarities in respect to the
functional problem is useful. In the following we will address three aspects of the service similarity [9, 10].

max 1oy pecn THC1-cl.C2-c2)—o(cl2)}
[(ce 6y) = il CLC2)

Clz®,C2 %D
(5)

4.1 SIMILARITY BETWEEN INPUTS OF TWO SERVICES AND THEIR OUTPUTS

Similarities between the inputs and outputs of the two services are an appropriate method for measuring the similarity of
web services. The inputs and outputs of a service is in fact a collection of elements, we consider each element as a concept.
In principle, for measuring of similarity between inputs in two services, similarity between two set of concepts must be
calculated [9]. Ganjisaffar [1] developed a model for measuring the similarity between a set of concepts; in this model
semantic similarity measure methods (classification and feature similarity measuring) are used (Equation 5).

Similarity between two services is defined as sum of inputs and outputs similarity in two services as shown in equation 6.

TI(11,12) +(O1,02) (6)

FI(S,,8,) = 2

4.2 METADATA SIMILARITY BETWEEN TWO SERVICES

Based on the above methods, similarity between two services is calculated through their input and output and content
services have been unnoticed. In some application cases, the contents and concept of the services are also considered. For
this reason, we present the similarity measuring among metadata services. A reasonable method to calculate similarities
between metadata is the vector model that we introduced in this paper. Metadata for each service is considered as two
vectors W, and W, and similarity of two services is identified from similarity of metadata [20, 21].

F2(S,,8,) = sim e, (W,, ;) (7)

4.3 FUNCTIONAL SIMILARITY OF TWO SERVICES

As mentioned earlier, for each service, a feature called usage is considered and through this feature it is possible to
identify the functionality of any services. In this method, the similarity of services is measured based on their application.
Applications can be considered as a concept and the similarities between them are calculated through classification similarity
measure [4, 9, 11].

F3(S,,S,) = 0(5,,8,) (®)

5 FUNCTIONAL CASES: COMBINING SERVICES

Once a request by available atomic services is not fulfilled, it is possible to fulfill this request using the proper integration
and composition of existing services. The process of gathering atomic services to create an integrated and coordinated
combination set is called combining services that fulfills the larger and more complex purpose than what is done by the
individual atomic services [13, 15]. Indeed, the possibility of integrating and combining the services by different organizations
for fulfilling the user request is one of the factors that services become attractive.

5.1  SELECTING APPROPRIATE SERVICE FOR COMBINING
When two services are combined, the input of second service is equivalent to the output of first service. Therefore,

inputs and outputs data types and application of them must be compatible to each other [2,13]. Here the similarity between
inputs and outputs is not necessary but the similarities between the output of the first service and an input of second service
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is important. Therefore, equation F1 is defined as follows with S;, S, ,0, and |, denoting first service, second service, output
of first service and input of second service, respectively

Fl(SnSz):H(Olalz) (9)

In addition to the inputs and outputs similarities, the conceptual and practical similarity of service is also considered.
Using the equation 10, the two services are combined if the high similarity between them is obtained.

similarity(S,,S,) =W1*F1(S,,S,) + W2*F2(S,,S,) + W3* F3(S,,S,) (10)
W1+ W2+W3=1

5.2 SELECTING APPROPRIATE SERVICE FOR REPLACEMENT
When running the service, the sub service failed and therefore, this causes the halt of running in whole service. Our

solution is finding and replacing the similar service with failed service. For measuring similarity of services in this functional
case, three combinations of functions F1, F2 and F3 are offered.

similarity(S,,S,) =W1*F1(S,,8,) + W2* F2(S,,S,) + W3* F3(S,,S,) (11)
W1+ W2+W3=1

6  EVALUATION

For evaluating and demonstrating accuracy of the proposed method, we used the F1 and the evaluating results are given
in the following(see Figure 4 and 5).

size of hit set

Precision = —
size of top-N set

size of hit set
Recall=—"— " (12)
size of test set

2* Recall * Percision
(Recall + Percision)

Fl=

Association Rule

0.18
0.16
0.14 -
0.12 +
0.1 +
0.08 -
0.06 -
0.04
0.02 -

F1 Metric

10 20 30 40 50 60 70 80 90
TOP-N

Fig. 4. F1 result for similarity measuring in previous method
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Fig. 5. F1 result for similarity measuring in proposed method

CONCLUSION

In this paper, methods for similarity measure among services were presented. The main advantage was incorporating
concept in the proposed methods and similarity of services is calculated based on concept. Through measuring the similarity
of services, models for combining and replacing the services also were presented and especially these models consider the
issue of application of services. This consideration causes the accuracy enhancement in selecting appropriate service. The
results evaluated by F1 measure obviously show the improvement of accuracy against previous method. Similarity measuring
was calculated between 0.13 and 0.17 for the previous method while in the proposed method it was calculated between 0.26
and 0.55, thus showing an improvement of the accuracy.
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