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Abstract: In order to realize automatic web service composition, a heuristic web service composition method

based on domain ontology is proposed. First, this method integrates the domain ontology and the artificial

intelligence ( Al) planning algorithm. Then, it uses the domain ontology and its reasoning capability to infer the

semantic relationship among parameters. Finally, it transforms the web service composition problem into the

planning problem based on the Al planning heuristic algorithm. The preliminary experimental results show that

the above method compensates for the lack of semantics in the previous Al planning method and it can satisfy

the requirements of quality and efficiency of composition, thus generating composite web services according to

customer requirements automatically and efficiently.
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With the rapid development of the semantic web,
web services which are considered one of the most im-
portant blocks of the semantic web, have aroused great
interest in both academia and industry all around the
world. Web services technology has incorporated the
strengths of distributed computing, grid computing and
XML, etc. Through adopting XML-based specifications
such as WSDL, UDDI and SOAP, web services provide
interoperability among diverse applications and plat-
form- and language-independent interfaces for easily
integrating heterogeneous systems.

There has been a great deal of research in the area
of web services in the past few years. A large part of
these studies has been dedicated to web services com-
position. It may often be the case that a web service
does not provide a requested service on its own, but
delegates parts of the execution to other web services
and receives the results from them to perform the
whole service. However, as the existing specifications
and protocols can only describe services on the gram-
mar level but not the semantic level, most composition
methods are still not automatic.

Semantics use a machine-understandable way to
describe the function and flow of web services in order
to realize the automatic discovery, selection and com-
position of web services. And through the exact de-
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scription of the concepts and relations between the con-
cepts in a specific domain, domain ontology becomes
the semantic foundation based on which human-to-ma-
chine and machine-to-machine can be understandable
to each other. In this paper, we are interested in stud-
ying how to realize automatic web service composition
based on domain ontology. We propose a new automat-
ic composition method—HWSCO. The novelty of this
method is to combine the domain ontology and the AI
planning based algorithm to cover the factors such as
service semantics, composition quality and composi-
tion efficiency.

The core of the method is to consider the web
service composition problem as a searching problem of
the state space. This paper proposes a heuristic algo-
rithm which can fully use the semantic information of
the inputs and outputs of web services provided by the
domain ontology and its inference ability. Selecting
subsequent web services according to the relevancy
maximum principle enables us to reduce the complexity
of the algorithm, and finish the searching in state space
efficiently.

1 Basic Definitions

Domain ontology is the specification of the con-
cepts and the relationship among them is specific do-
main.

Definition 1 Domain ontology can be described
by a five tuple:

O ={C,R,H , rel, A}
where C is a set of concepts; R is a set of relationships;
H® is the level of concepts; rel is the relationship
among concepts; A is the ontology axiom.
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There are many languages to describe the ontolo-
gy. We adopt the recent recommended standard OWL-
S as the ontology description language. The develop-
ment of OWL-S is dedicated to enabling the automatic
discovery, selection, composition and execution of web
services. OWL-S describes web services using three
parts: service profile, service model and service ground-
ing. In this paper, we mainly use the first part, which
includes the name, description, inputs, outputs, precon-
ditions and effects of a web service.

Based on OWL-S, the following definitions are
given.

Definition 2 In domain ontology, there are two
concepts: C; and C;. If C; and C; have the same seman-
tic information, then C, = C; if the semantic informa-
tion of concept C; includes that of C;, then C,2C;.

When solving the web service composition prob-
lem as a planning problem, the problem can be repre-
sented as a STRIPTS model of a four tuple [] = (P,
W, r, r°), where P is a set of parameters; W is a set
of web services; ' C P is the initial input parameters;
r® CP is the desired output parameters.

A STRIPTS model defines a state space i = (S,
S0, 36, 42(.), f, c¢), where the states s € S are a collec-
tion of parameters in P; the initial state s, € S is such
that s, = r'; the goal state S, e S, is such that r* CS,;
(Xs) the set of web services w e W such that w' Cs.
That is, in the state s, w can be invoked; the transition
function f(w, s) =s' that maps a state s into another
state s” such that s' =sUw° for w e £2(s); c(w) is the
invocation cost of w. A solution of the state model is a
finite sequence of web services: w,, w,, ..., w,.

Definition 3 (web service composition) Suppose
that a request 7 has initial input parameters ' and de-
sired output parameters r°, then the web service com-
position problem is to find a finite sequence of web
services, w,, W,, ..., w, such that(D w, can be invoked
sequentially from 1 to n; @ (' UwSU...Uw) 27

n

(3 The total cost z c(w,) is minimized.
i=1

Definition 4 ( full matching)  Suppose that a
state s € S is given, web service w; e {X(s). If for w, e
W, w; 2w}, then w, can fully match w,.

Definition 5 ( partial matching)  Suppose that a
state s € S is given, let a web service w, e (2(s). If for
w, € W, w, cannot fully match w, but w Nw} # ),
then w, can partially match w,.

2 HWSCO Method

The ontology library is defined by specific domain
specialists. The semantic descriptions of web services

are defined through the ontology library. We introduce
the ontology concepts into the STRIPS model, so P, r'
and r° in the model are all ontology concept collec-
tions.

The interface of the web service is to pass the
control information and data information among serv-
ices. Academia has propounded a web service composi-
tion approach based on interfaces' ™', which seeks mat-
ches between input and output parameters to realize the
dynamic composition. However, parameters with differ-
ent spellings may have the same semantic meaning. So
solely relying on the syntactic (text-based) similarity
of parameters for determining if two web services can
be composed together is insufficient. Therefore, it is
vital to find semantic relationships among parameters
for interface matching.

The first step of the HWSCO method is to use do-
main ontology to describe the semantic meaning of the
parameters of web services and to find all relevant en-
tailments such as the class inheritance relation between
two classes that may not be directly encoded in the
subclass relationships using OWL inferencing rules.
According to definition 2, there are equal and subsump-
tion relationships between ontology concepts. When a
service input subsumes the output, the output type is
just a specialized version of the input type, so these
services can still chain together. Suppose a service ac-
cepts an input of type address, which is defined in cer-
tain ontologies with the concept hierarchy(see Fig.1).
An output of a service would be compatible if it were
of a type of address of another concept that is sub-
sumed by address, such as hotel address.

Hotel Address

Fig.1 Ontology hierarchy example

The match between the services whose output type
is a subclass of the other service’ s input type is called
a generic match. According to the domain ontology and
inferencing rules, the inference engine'" also orders the
generic matches such that the priority of the matches
are lowered when the distance between the two types in
the ontology tree increases.

Section 1 presents the definitions of state space
and other parameters. The next step is to consider the
web service component problem as a search problem in
state space, which finally satisfies the three require-
ments of definition 3.

The algorithm is divided into two parts: the for-
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ward search and the regression search. First, we use the
forward search to calculate the cost of achieving indi-
vidual parameters starting from r'; secondly, based on
the first step, it approximates the optimal sequence of
web services that connects ' to r° using regression
search. The core of the algorithm is to use a novel heu-
ristic method to reduce the number of web services
during the solving process.

In the forward search, we define k:(p) as the cost
of achieving p e P from a state r'. This cost can be
characterized by the solution of the recursive equation
as follows:

k:(p) =ij?(1p)[c(w) +maxk,i(_p')]

we 0, pew

Suppose that the cost of executing a web service
c(w) is 1.0, (p) is a set of web services that we W
and p e w°. First, if p e 7', k,(p) are initiated to 0 and
to o otherwise. Y w e (2(s), each parameter p € w’ is
added to s and k,(p) is updated until for Vp e r°,
k,(p) are obtained. If w is the first web service to gen-
erate p, we name w as a predecessor web service of p e
P, denoted as PD_(p).

In the regression search, we adopt a heuristic-
based greedy algorithm. The sub-goal in the algorithm
is denoted as subGoal. We define W as a set of web
services, w e W and w, e PD_(p), p e subGoal. In each
step of the regression search, we adopt the heuristic al-
gorithm to select web services from W. The heuristic
based on a hypothesis is as follows:

Hypothesis 1  Choosing a web service with a
greater contribution to match the sub-goal earlier in the
search helps reaching the initial state faster:

hy,(w) = | w® N subGoal |

In other words, our heuristic attempts to avoid a
partial matching case by reducing the size of partial
matching web services as much as possible. The algo-

rithm is shown as follows:
Input: 7, °
Ourput: w, wy, ..., w
For all (p e P)
if per' then k,(p) =0
else k,i(p) =
s:(ri\r");C:gp;t:l
while = (s27°)
§={w ‘ welds),weC}
For all p in w°(w e )
if k,i(p) =
ki(p) =t;PDy(p) =w;s=sU{p}
C=CUS8t+ +
s =(r°\r'); subGoal = s
while = (subGoal = ¢)
W= U PD,(p)

p € subGoal

n

=g gl ()

s=sUQC\H)

sol =sol U {y}

subGoal = ( subGoal Uy’ ) \s
s = ri
while = (sol =)

if we ()(s) and w e sol

Print w; s =sUw®; sol =sol\{w}
3 Algorithm Analysis

To validate the efficiency of our algorithm, we
conducted a comparison with another heuristic web
services composition algorithm—BF *"*!
tic-based best-result service composition method*™'.
All the experiments were performed on a PC platform
with Pentium 4 (1.7 GHz), Windows XP SP2, and 1
024 MB RAM. All the algorithms were implemented in
Java. We adopted stochastic generating web services
and stochastic generating user goals as test sets. The
experiment selects nine data sets — the total number of
services are 300, 600, 900, 1 200, 1 500, 1 800, 2 100,
2400,2 700 plus 100 service composition requests to
test the service composition and calculate the average
consuming time and the successful composition rate as
the result. The experimental results are shown in Fig. 2
and Fig. 3.
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Fig.3 Composition rate comparison

From Fig.2, we can see that BSCM has the low-
est efficiency. With the increase in the number of web
services, the composition time increases rapidly, which
means lower expansibility. Since this method is to ex-
tend the semantics of the services first, then use the
best-result method to get the optimal set of web serv-
ices. It simply considers the service quality and at the
same time sacrifices the efficiency. The performance of
the BF" algorithm has greater fluctuation with the
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changing of the number of services, which is related to
its heuristic rules. In the BF " algorithm, if the output
set of a web service has the greatest intersection with
the goal set, this service will be given the priority to be
selected. According to different test sets, the perform-
ance of this algorithm will vary greatly. The HWSCO
method has the best performance. And we can see in
Fig. 3 that the gap of the rate of successful composition
between HWSCO and BSCM is very small, but their
rates are much higher than BF ", which illustrates the
necessity of the service composition based on seman-
tics.

4 Related Work

Web service composition is a current research
hotspot. Now there are several web service composition
languages such as BPELAWS'®, WSCI, etc., all of
which are used to describe the web service composition
model. These works are the foundation of our research
work.

There are two ways based on ontology to describe
the semantic information between web services. One is
to use the domain metadata to differentiate similar se-
mantics. The other direction is based on methods to
combine services whose annotations match based on
some notion of similarity. In Ref. [ 7], matching of web
services from a directory is formalized based on vari-
ous inexactness measures. SWORD'" was one of the in-
itial attempts to use planning to compose web services.
It does not model service capabilities in ontology but
uses rule chaining to compose web services. Sirin et
al.'™ used contextual information to find matching
services at each step of service composition. They fur-
ther filter the set of matching services by using onto-
logical reasoning on the semantic description of the
services as well as by using user input. Web services
modeling ontology (WSMO)"' is a recent effort for
modeling semantic web services in a markup language
(WSML) and also defining a web service execution
environment (WSMX) for it.

5 Conclusion

Existing web service specifications and protocols
are limited to the syntactic level, which cannot express
semantic information, thus limiting the dynamic com-
position ability of web services. This paper proposes a
heuristic web service composition method based on do-
main ontology, which uses domain ontology and its in-
ference rules to filter web services according to seman-
tic matching, and then uses an Al planning based heu-
ristic algorithm to design an efficient service composi-

tion algorithm. The experiment shows that this method
not only can generate service composition automatical-
ly, but also can guarantee the quality and efficiency of
the composition.

This paper discusses the common situation of
service composition (the semantic of the input parame-
ters of service contain the semantic of the output pa-
rameters of subsequent services). The next step is to
expand the algorithm proposed by this paper to more
service composition situations ( For example: several
service outputs combined to semantically contain the
input of the subsequent services).
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