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Abstract: Services discovery based on syntactic matching cannot adapt to the open and dynamic environment of

the web. To select the proper one from the web services candidate set provided by syntactic matching, a service

selection method based on semantic similarity is proposed. First, this method defines a web services ontology

including QoS and context as semantic supporting, which also provides a set of terms to describe the interfaces

of web services. Secondly, the similarity degree of two web services is evaluated by computing the semantic

distances of those terms used to describe interfaces. Compared with existing methods, interfaces of web services

can be interpreted under ontology, because it provides a formal and semantic specification of conceptualization.

Meanwhile, efficiency and accuracy of services selection are improved.
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Web service, as a new model of web application
and distributed computing, is an effective mechanism
for the integration of data and applications on the
web''™ . As a consequence, it develops quickly. First,
the quantity of web services is increasing constantly
and their functions are also changing ceaselessly'”’.
Secondly, web services and their providers are globally
distributed'*' . Unfortunately, users and machines have
no ways to understand and process massive, dynamic
and hetero-structured services, because the existing
services cannot be supported by formal semantics'” "' .

In order to select proper one from amount of web
services to satisfy certain requirements, a new tech-
nique is needed to describe and organize web services.
Meanwhile, a mechanism to compute the degree of
satisfiability is also important for web service selection
from a candidate set.

Aiming at the selection of web services, this arti-
cle presents an overview of the method of web selec-

tion based on semantic similarity.
1 Related Work

Web services selection is the key link of service
discovery, and is also a pre-condition for service com-
position. So, it has become a hotspot in the research
domain of web services.
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Web services discovery based on syntax is a very
effective method of providing a web services candidate
set. But with the increase of the number of developers
and users of web services and the overlapping of multi-
ple subjects and domains, the unsharable vocabulary
will result in the failure in efficiency and accuracy.
Especially for the second selecting from a candidate
set, syntactic matching is almost hopeless'™® . The
BALES method"™ is a typical web services selection
method based on semantic matching. It uses the ontolo-
gy of WordNet to gain the sharable explanations in the
domain, and is also a sharable glossary of descriptions
on service.

DAML-S provides a top-level ontology to de-
scribe services and includes the specifications of func-
tion and quality limit"”. Concerning QoS, IBM
presents WSLA(web service level agreements), and it
is SLA instruction based on XML ™. WSOL ( web
service offerings language) also supports the format in-
struction for every limit'"”'. The web services frame-
work which supports QoS is first presented in Refs.
[11, 14]. It supports the validation on QoS, but does
not give a good definition of the framework, and does
not give the validation process in detail. Chen et al. "
presented a service discovery model, and this model in-
cludes the function requirements and the non-function
requirement (such as quality).

CB-SeC'"”, an agent-based, framework, com-
putes and classifies web services according to the infor-
mation and service environment of consumers. Aura
framework'”" models on users’ task, and users’ task ad-
justs with the change of environment. At the same
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time, when the position of user changes, Aura system
will finish the transfer from primary environment to
new environment. Ref. [ 18] used context WIDEGET to
collect context information from sensors, then aggre-
gate and explain information.

2  Web Services Ontology

Ontology is a formal explicit specification of con-
cepts in a domain of discourse, properties of each con-
cept describing various features and attributes of the
concept, and restrictions on slots'" "' Concepts denote
sets of any individuals, and roles denote binary rela-
tionships between individuals. The extension of any
concept is a subset of any individuals set, while the ex-
tension of any role is a subset of ordered pairs of indi-
viduals. In this sense, we define individuals as a com-
ponent of terminology.

Definition 1 In web services domain, terminolo-
gy T is a 3-tuple:

T={C,R, I} (1)
where C and R are concepts set and roles set, respec-
tively, and [ is individuals set. If we use V(O) to ex-
press the glossary of O; V.(0), Vix(0), V,(0) re-
spectively express the concepts set, roles set, and indi-
viduals set of the ontology O, then

V(0) =Ve(0) UVe(0) UV,(0) (2)

T provides a set of terms to describe interfaces of
semantic web services.

Definition 2 One semantic web service (SWS)
can be described as a 3-tuple:

SWS(My. Moyr. O)

Web service ontology

where M, CV(0); My, SV(O); SWS is the name of
the semantic web service. M,y and M, are input in-
terfaces sets and output interfaces sets of SWS; O is
the ontology which supports SWS, and the concepts
and roles that the input sets and output sets of SWS
used are from ontology O.

Definition 3 Let 7 be a terminology of certain
domain, and then domain ontology is a partial ordered
relation on 7.

0=(T, C) (3)

Not only definitions in 7 but also axioms in ontol-
ogy can be transformed as inclusion relations, and the
hierarchy of all concepts, roles and individuals, organ-
ized by ISA (or AKO), can be translated into inclusion
relations. So, ontology is denoted as Poset ( partial or-
dered set).

Quality and context are the important properties of
service selection. For the consumers of web service,
they must consider the QoS factor including usability,
security, respond time and throughput, etc. To valuate
web services, a context must be donated, because the
performance of web service is closely related to it.
Context of web services means the application condi-
tions and environments. An agent apperceives condi-
tions, and executes relevant actions according to envi-
ronments. For the agent of service consumer, context is
all the information about client of web services. The in-
formation can be used to adjust executing and output,
and its ultimate purpose is to satisfy user customization
and individual requirements. Fig. 1 is the structure of
web services ontology including QoS and context.

Description Running
properties properties
= T
Syntax se?ntgggcs Service semantics
properties agent QoS Economic Context
properties
Behavior Performance /\
) Context of Context of
Operation . :
Messages Operations logic Throughout Security services consumer
semantics Response
Messages  parameters Reliability ™™ Availability Non-
type Encryption reputation
Intenti -
Serviceability Auditability Location entoN perfect Termination
Purpose Authentication Consumer
g{gg Unit Provider ~ Consumer
Business type type ) Hardware Software
Language  role Email
Name B
Applicati rowser
pplication CPU Displ. ration
splay system

Fig.1 Web services ontology including QoS and context
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3 Computation of Semantic Degree

When concept a is an interface of web service A
and b is an interface of web service B, we use similari-
ty cell to describe them, denoted as u(a, b).

One concept, as a term, may have many sub-prop-
, s in turn.

m

erties, and may be denoted as s, s,, ...
E,(a) is the eigenvalue of s; of super-property a. Ei-
genvalue proportion of interfaces a and b relative to
sub-property s, is denoted as
. _min(E(a). E(b)})
" max{E,(a), E,(b) }
m;0 < ra < 1.

(4)
where j =1,2, ...,

According to the effect of similarity degree for
sub-properties s,, §,, ..., s, to a and b, we present the

powers d,, d,, ..., d,, of Si> 835 -..» 8, TESpECtively. d,
means the power value of effect on similarity degree
for the j-th sub-property to similarity degree of inter-
faces, then the value of the i-th similarity cell u;(a, b)

between web services A and B is denoted as

q(u,) =d,r, +d,ry +... +d,r, = Zdjrj (5
j=1

wherei =1,2,...,n,0 < r<10=< d.

/$1;Zd1 =
j=1

1 . There are many methods of giving power, such as
symbolic statistics, fuzzy mathematics, experimentation
or expert wisdom. When ¢(u;) =0, it means not any
similarity between two elements; when 0 < g(u,) <1, it
means the two elements are similar, the value of simi-
larity cell reflects the size of similarity degree; when
q(u;) =1, it means all sub-properties of two concepts
are equivalent.

Suppose that web service A consists of k inter-
faces, web service B consists of [ interface, n similarity
elements between system A and B compose 7 similarity
cells. The value of similarity cell is denoted as g(u,),
w, is the power value of the effect on similarity degree
for every similarity cell of two web services. Their sim-
ilarity degree is denoted as

Q =fleLn,m q(u)) = ——— qu(u)

(6)

wherei =1,2,....n;1 <n <min(k,);k =1,2, ...,

N1 =1,2,..,N;0<=sw, <1; 2 w; =1 . According to

the similarity degree, web services are classified by
homology web services: k =1 =n, q(u,) =1, Q =1; sim-
ilar web services: 0 < Q <1, k, [, n are not congruent,
and g(u;) #0, g(u;) #1; while dissimilarity web serv-

ices: O =0,n =0.

According to the similarity principle, the basic
process of the semantic similarity degree algorithm is
to confirm similarity elements, construct similarity
cells, and compute proportion of sub-properties, pow-
ers of characters, similarity degree and so on"''. Con-
crete steps are as follows:

1) Confirming similarity elements

Ontology can be described by many methods such
as natural language, ontology description language, for-
malization, semi-formalization, frame description and
so on. Whatever method is used, one concept or class
includes attributes, relations, axioms and objects.
Ve(0), Vx(0) and V,(O) can be described as a inter-
section of many sub-properties. The attributes or eigen-
values of interfaces reflect the semantic similarity de-
grees of concepts.

We need to distinguish essential attributes of one
interface, because it provides more contributions to
compute similarity degree. We also need to distinguish
the steady characters from the changeable.

2) Constructing similarity cells

Sub-properties of interfaces are the similarity cells
in our method. For concepts and objects, they may be
classified into three types, M levels similarity cells.

Due to limitations of space, in the following de-
pictions, we just take attributes for an example, suppose
two concepts A and B, in the first level U, =
(Ve(0,), 0c(0p));in the second level u. =(a;, b,),
wherein a, € O (0,), b, € Oc(0g), 1 <i<n (see
Fig.2).

Ue Ux Ur

The first layer

URl/l\ Rn A\ The second layer
The M-th layer

Fig.2 Similarity cell structure of concepts

3) Defining the value of elements in the M-th lay-
er (bottom)

Select the eigenvalues of elements according to
the attributes in the M-th level.

Sc ={S¢,»Scys s Sc.} (7)

For computing the eigenvalues of ontology con-
cepts we can describe them by using ontology directed
graph to compute semantic distance.

4) Computing the value of the M-th level similari-
ty cells
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m

gc(uc) = ch-rqj (8)

7

where dcj is the power of the M-th similarity elements,
r¢, can be computed by using Eq. (4).

5) Computing eigenvalues and the value of simi-
larity cells at every level

Repeat 3) and 4), compute the eigenvalue and the
value of similarity cells at every level from the (M -
1)-th level to the first level.

6) Computing similarity degree of web services

Use Eq. (6) to compute semantic similarity de-
gree, w, is the similarity power value of the first level,
the domain of Q is [0, 1]. Q =0 means that the seman-
tic similarity degree of concepts or objects is 0, is not
completely. O =1 means they are equal. If Q € (0, 1),
the closer Q inclines to 1, and the greater the similarity
degree is.

4 Conclusion

Aiming at services selection under the open and
dynamic environment, a set of terms to describe web
services has been defined, and this vocabulary can be
used as a template of semantic interpretation. By com-
puting the semantic distance of web services interfaces,
we can evaluate if the selected web services can satisfy
the consumer requirements.
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