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Abstract: This paper proposes a new business domain-oriented
web service discovery method and framework to solve the low
precision results caused by UDDI ( universal description,
discovery and integration) syntactic discovery and the difficulty
in selecting from among functionally equivalent web services.
When requesting services, service clusters are extracted from
concrete services in terms of functional requests; then, through
business information properties consultation, the most suitable
services are determined and finally bound to user requests. The
whole process is transparent to users. This framework is also
tested and supported through a prototype based on a travel
domain, IPVita (intelligent platform of virtual travel agency).
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‘x J eb services are available via standard interfaces and
protocols such as SOAP, WSDL and UDDI. Howev-
er, current techniques cause two problems: 1) Syntactic dis-
covery mechanisms causing low precision results; 2) Diffi-
culty in selecting from among multiple services appearing to
implement similar functionalities. Combing the semantic web
with web service technologies is an approach to solve the
first problem by providing more precise results, such as
OWL-S"!, WSDL-S""', and OWL-S/UDDI Matchmaker'"'.
The second problem can be solved by taking into account
non-functional properties (NFPs)'*', such as QoS"'.

In this paper, we introduce a subset of non-functional
properties, in which business information is used as a dis-
criminating factor among functionally equivalent web serv-
ices, and we present a business domain oriented framework
for service discovery. First, in accordance with user demand
for the functionality, the candidate services will be organized
into a simple and unified service cluster; secondly, in accord-
ance with user domain attributes, they will automatically
consult and return the best service; finally, the access mech-
anism of the best service is provided, shielding service diver-
sity and variability of complexity.

1 Service Discovery Supporting Framework
1.1 Service architecture

On the basis of user functional requirements, services are
organized to two different layers which can be exploited to
enhance service discovery, concrete services and service
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clusters.

Concrete services, which can be directly invoked and usu-
ally featured by their public WSDL interface, can also be
grouped on the basis of their functional similarity.

Service clusters, on the upper layer but not directly in-
voked, represent the functionalities of sets of similar con-
crete services. Each service cluster is associated with a corre-
sponding cluster of similar concrete services; service cluster
functionalities are obtained from the concrete service opera-
tions by means of an integration process; mapping rules are
also needed to be maintained among the original concrete
services. Service clusters give users an abstract functionality
perspective, not a variety of concrete services. Domain infor-
mation requirements further refine and filter the set of candi-
date concrete services which are organized into service clus-
ters. A selected service will be determined as a result.

1.2 Service query process

Step 1 A service requestor sends a request to a service
broker, such as UDDI, but different from the traditional UD-
DI mechanism, the query result is not delivered to the serv-
ice requestor directly.

Step 2 In this process, the service broker needs to deal
with the concrete services and filters out unrelated or little
related services through functional similarity matches, and
the remaining services are organized into a service cluster
which is an abstract representation of the concrete services.

Step 3  The service broker filters the service clusters
through business domain information constraints, and as the
result of consultation, one service whose satisfaction value is
the largest will be determined.

Step 4 Finally, the user sends out the call request to the
service cluster, and the service cluster will bind the call re-
quest to the determined service and return the results to the
user. In all the process, the service requestor only can see an
abstract presentation of the service, and will not be bored by
so much detail information about concrete services. Fig. 1
shows the process of the service query.

2 Implementation Methods
2.1 Similarity computation between services

Domain ontology is used to annotate I/O parameters and
operation names, and supports computing semantic relation-
ships among services based on similarity. The detailed defi-
nition and computation of functional similarities between
services'® are suitable for our computation. For the under-
standability and consistency of the problem, we introduce
the computation process in brief.

The domain ontology can be constructed as a graph where
nodes represent concepts and edges represent relationships
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Fig.1 Process of service discovery

associated with a special weight. The highest weight product
of the path between two nodes denotes the affinity coeffi-
cient. The operation similarity coefficient between the two
services contains name affinity, the ratio between the total
affinity value of the input/output parameter, and the cardi-
nality of the input/output parameter set, respectively. The
functionality-based similarity coefficients are computed as
the ratio between all operation similarities and cardinalities
of the corresponding operation set. If the value is equal to or
greater than a threshold given by experience, grouping the
services into the same cluster will be done.

2.2 Service cluster generation

The generation of the service cluster is performed func-
tionally similar to the requested one with the above-men-
tioned similarity coefficients. Requested service is expressed
as the desired operation and input/output entities, with the
support of the domain ontology.

The service cluster interface is obtained by an integration
process performed on the interfaces of the concrete services
belonging to the same cluster. It is necessary to record the
description information of a cluster, such as name, functional
description, member service list and mapping relations. Map-
ping relations are defined to relate operations in the cluster
with the corresponding ones in the concrete services. A table
is built to represent the mapping relations for each operation
of the cluster. The first row is a record with the information
about the cluster, and the following ones record the informa-
tion about the concrete services in the corresponding clus-
ters. Because of the unified cluster interface, requestors will
not have to be concerned about how to invoke services, no
matter how the concrete services are implemented.

2.3 Business properties consultation

Non-functional properties are regarded as selection and
ranking criteria, while modeling these properties and
attaching them to services and goals is an essential and com-
plicated job. For example, similar properties may be ex-
pressed by different names, or the same name may refer to
different properties in different domains or situations. More-
over, some properties are not independently assigned and

evaluated. Because of the various and complex characteris-
tics, we use domain ontology.

First, service descriptions require to be enhanced with a
special section on business properties. The owl-s profile pro-
vides supporting information about the service, and the serv-
ice parameter part can be enriched to contain each business
property name and corresponding value.

Secondly, user requirements and preferences are expressed
as a list whose items contain not only the property name, the
expected value, but also the degree of importance concerning
relevant properties. The larger the degree, the higher the pri-
ority the property has.

Thirdly, there are the methods and techniques of selection
between requests and offers in the service cluster. However,
the values of the properties can be purely qualitative, or
quantitative, or even in different units. So there is a demand
for different kinds of solutions according to different situa-
tions. While service providers and requestors may have dif-
ferent understandings of qualitative properties, we consult
definitions in WSQM and an approach of a range of val-
ues'”’. Properties should be addressed one by one in terms of
user defined priority. Then the service cluster will generate
an ordered list of services according to user preferences. So
the service on the top of the list will be the selected one.

3 Experiment

Based on the above service discovery framework, we have
built a prototype system called IPVita (intelligent platform
of virtual travel agency). However, it differs a little from
some previous work with regard to travel domain. The aim
of the prototype is to work out a suitable schedule ( for ex-
ample, flight, hotel) to satisfy a user’s diversified require-
ments. So the mechanism of service discovery needs to be
flexible and comprehensive enough to deal with all aspects
of user requirements.

We implemented the prototype with extended Java imple-
mentation of UDDI/OWL-S matchmaker. In previous work
we have built simple web-based user interfaces, through
which users can submit their travel demands and obtain a de-
tailed plan generated by an intelligent travel agency.
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4 Conclusion and Future Work

This work proposes a new web service discovery frame-
work and addresses the need for semantic business-based
web service description filtering services. Business related
service information is a new aspect of non-functional proper-
ties, and it is worth being studied.

In the future, we will extend service functional match
mechanism with pre- and post-conditions, and enrich the de-
scriptions and selection rules based on business properties to
fit all kinds of situations.
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