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6. Abstrak Penyelidikan

Jumlah maklumat yang dapat diperolehi dalam talian adalah banyak.

Salah satu usaha dalam mengintegrasikan maklumat dari segi sintaks and

semantik adalah dengan perwakilan ontologi. Ontologi mentakrifkan makiumat

semantik secara formal supaya dapat diproses oleh komputer. Kami telah

merekabentuk satu model organisasi yang terdiri daripada 4 lapisan ontologi untuk

mewakili maklumat dalam perkhidmatan dalam bidang pelancongan. Empat

lapisan ini ialah upper service ontology, domain service category ontology,

domain onfology dan state ontology. Upper service ontology yang dicadangkan

adalah umum dan abstrak supaya dapat mewakili kebanyakan perkhidmatan

web. Tiga lapisan ontologi yang lain adalah spesifik kepada bidang tertentu.

Dalam projek ini, kami telah mengenalpasti kaedah-kaedah dalam pembangunan

ontologi. Kaedah kami mengutamakan penggunaan sumber yang sedia ada

seperti aplikasi web, skema UNSPSC, spesifikasi OTA dan WORDNET dalam

pembangunaan ontologi. Ontologi yang teiah dihasilkan digunakan dalam

mewakili maklumat dalam aplikasi penerbangan dalam talian. Pada masa kKini,

ontologi kami mengandungi 845 konsep (rujuk lampiran).

Abstract of Research

The amount of information available online is enormous. One of the efforts in

integrating information syntactically and semantically is using ontology

representation. Ontology defines formal semantics for information and allows

processing by computer. We have designed an organization model which

consists of four layers of ontology for representing services in tourism domain.

They are upper service ontology, domain service category ontology, domain

ontology and state ontology.The suggested upper service ontology is common

and abstact enough fo describe all web services while the three remaining

ontologies are domain dependent. In the project, we have identified the

methodologies in creating each type of ontologies. Our method focuses on

using exsiting resources like web applications, UNSPSC schemas, OTA

specification and WORDNET in creating the ontologies. The resulted ontologies

were used in annotating online flight application. Currently, there are 845

concepts captured in the ontologies (see attachment).
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Concepts of Ontologies

re A1 - figure A5 show the ontologies created. The screen shots which illustrating the class hierarchies

> taken from Protégé 2000 editor software.

¥ 0 Entertainment_Service

oyt Thirng
B o Category
Operation
Sel Vii::é w
Service_Code
Service_Profile
o Service_Provider
2 WParameter
o State %
% Condition
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ABSTRACT

Electronic marketplace consists of many competing companies who supply each other with web resources.
The heterogeneity of resources has caused structural and semantic integration problems between resource
provider and requester. To solve these problems, the Semantic Web community has initiated the Semantic
Web research and development where ontology has been proposed to model the Web resources. In the
electronic marketplace, ontology can act as a multi-level adaptability base to serve different providers, end
users, devices and contexts. In this paper, we show the usefulness of ontology in concept modeling of Web
resources and how reasoner like Algernon can be used to derive additional information from rules

augmented in the ontology.
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1. Introduction

Electronic marketplace consists of many competing
companies who supply each other with web
resources. The Web resources (products or
services) are  widely  distributed,  highly
heterogeneous, diverse and autonomous. The rapid
growth of the number of Web resources makes
finding, selecting and combining them a desirable
but challenging task. During the business
negotiation phase, both the resource provider and
requester publish their own product (resource)
catalogs on the marketplace. Tt is most likely that
the catalogs are in different formats or terms and
do not match. Therefore, intermediate Web
catalogs are needed to provide matchmaking. This
requires standardized ontologies to capture the
resource descriptions (See figure 1). We are
proposing the aggregator module as a virtual
workbench or middleware framework to integrate
and capture the semantics of the resources. The
framework will take an ontological approach in
representation  formalism. It  provides an
ontological approach in structuring the product
catalog. Due to the ontology powerful knowledge
formalism and associated inference mechanisms,

ontology-based representation will be use as the base
for query formation as well as matchmaking. In this
paper, we focus on conceptual modeling and rule
reasoning. We have designed a small ontology in our
prototype system for illustration.

—
\ Provider Requester
Catalog Catalog 1
1
—
[ Neutral or
< Provider Standardized Requester
Catalog Ontologies Catalog 2
2
% S S em—
Provider ‘ Requester
Catalog Catalog n
n
—

Figure 1. Heterogeneous Resource Integration

The rest of the paper is structured as follows. Section 2
and Section 3 will give background information on
ontology and Web ontology languages. In section 4, we
will brief on the available ontology tools. We show how
reasoning and rules are used for deriving additional
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information in Section 5 before we conclude the
paper in Section 6.

2. Ontology

The widely accepted definition of ontology is the
one given by Gruber [1]: “an explicit specification
of conceptualization”. Gruber uses the description
given in his paper [2] to further refine the term
conceptualization as “the objects, concepts and
other entities that are assumed to exist in some area
of interest and the relationships that hold among
them”. One of the primary purposes of constructing
ontology is to provide a standard, unambiguous
representation of a particular domain of
knowledge. It is not a new issue since there are

ontologies being used in the computing
environment nowadays, for example the
taxonomies  categorizing web sites (Yahoo!

Directory), categorizations of products for sale and
their features (Amazon.com), large, standardized
vocabularies such as SNOMED, ontology of

terminologies  for  products and  services
(UNSPSC).
Different categorization structures exist in

representing web resources, ranging from the
simplest flat set (no category), strict hierarchical
tree (single classification of products), directed
acyclic graph (muitiple classification of products)
to the more expressive taxonomy (spanning tree,
multiple  inheritance,  bi-directional  cross-
references, synonymous and translations). Simple
category is easy to set up, however simple category
lack the rigorous logics for machines to make
inference from. Most of the early ontologies do not
provide an explicit hierarchy except capturing
many of the “naturally occurring ontologies”{3].
This means the hierarchy is not a strict subclass or
“isa” hierarchy. In our work, we follow strict
hierarchical subclass relationships between classes
to be beneficial from the subsumption reasoning
and inheritance mechanism. Besides, ontology
should have:

Finite controlled {extensible) vocabulary set
Unambiguous interpretation of classes and term
relationships. Each interpretation is unique with the
use of namespace (uniform resource locator)

From the definition, ontology defines the terms and
concepts used to describe an area of knowledge, as
well as the relationships among them. It includes
concepts,  relationship  between  concepts,
properties, property values, constraints and rules of
those concepts. The shared vocabulary model of
ontology is less expressive than free-text

description. However, it gives better search and enables
reasoning. Designing a stable ontology requires time
and efforts, but once the stable ontologies have been
developed, the ontologies will be the universal baseline
for information systems. By using ontology as the
universal representation, both providers and requesters
are independent from the terms used to describe their
resources. The hierarchical representation of ontology
also gives better navigation mechanism in query
specialization and generalization. This progressive
browsing mechanism allows the user to either drilling
down or rolling up along the concept hierarchy that best
suits its purposes and situations.

3. Web Ontology Language

The Web language in the electronic world is XML. It
gives a standardized way to describe tree structures
with a linear syntax. However, it only tackles the
syntactic interoperability problem. A Document Type
Declaration (DTD) is used to add constraints to the tags
and structure in an XML document. The use of XML
together with DTD does help standardize the Web
resources, but they are limited in their expressive power
and so they have been extended by a more advanced
W3C standard, XML Schemas and fater the Resource
Description  Framework (RDF) and Resource
Description Framework Schema (RDFS). Still, the
expressiveness of the languages is still limited. This
gives rise to the more advanced web languages such as
DAMLAOIL and the most recent OWL.

Our ontology is written in the Web Ontology Language
(OWL), specifically OWL DL, a semantic markup
language developed as a vocabulary extension of the
previous ontology web language RDF  and
DAMLA+OIL. OWL is part of the growing stack of
W3C recommendations related to Semantic Web
proposed by W3C Community [4]. An OWL document
consists of optional ontology headers plus any number
of class axioms, property axioms, and facts about
individuals (instances). Class is the central entity that
provides an abstraction mechanism for grouping
resources with similar characteristics. Every OWL class
is associated with a set of individuals, called the class
extension, class instances or class members. There are
six ways to define class descriptions:

A class identifier

An exhaustive enumeration of individuals that form the
instances of a class

A property restriction

The intersection of two or more class descriptions

The union of two or more class descriptions

The complement of a class description

<pwl:Class rdf:ID="Resource"/>
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<owl.Class rdf:ID="Car">
<rdfs:subClassOf rdf:resource="#Resource"/>
</owl:Class>
<owl:Class rdf:ID="Toyota">
<rdfs:subClassOf>
<owl:Class rdf:about="#Car"/>
</rdfs:subClassOf>
</owl:Class>
<owl:Class rdf:ID="Honda">
<rdfs;subClassOf>
<owl:Class rdf:about="#Car"/>
</rdfs:subClassOf>
</owl:Class>
<owl:Class rdf:ID="Camry">
<rdfs:subClassOf rdf:resource="#Toyota"/>
</owl:Class>
<owl:Class rdf:ID="Unser">
<rdfs:subClassOf>
<owl:Class rdf:about="#Toyota"/>
</rdfs:subClassOf>
</owl:Class>
<owl:Class rdf:ID="Civic">
<rdfs:subClassOf>
<owl:Class rdf:about="#Honda"/>
</rdfs:subClassOf>
<owl:Class rdf:ID="Altis">
<rdfs:subClassOf>
<owl:Class rdf:about="#Toyota"/>
</rdfs:subClassOf>
</owl:Class>

Figure 2. OWL Code Of Simple Car Concept

Figure 2 shows the fragment of OWL code to
represent Car concept. From the illustration, Car is
a kind of Resource, Toyota and Honda are some
types of Car. Altis, Camry, and Unser are some
kinds of Toyota, OWL code can be generated using
any text editors; however tools exist to make the
work easier especially graphical tool. In section 4,
we use Protégé 2000 as tool for coding and
viewing OWL file.

4. Ontology Tools

There are many toolkits for ontology development
and deployment. Protégé-2000 [5], OlLed [6] and
OntoEdit [7] are tools for ontology creation and
knowledge acquisition. They support ontologies
editing, check for inconsistencies using reasoner
and provide mappings among different ontologies.
Ont-O-Mat [8], on the other hand, focuses on the
issue of integration with the Web. SMORE, the
Semantic Markup, Ontology, and RDF Editor
provides users an integrated environment for
creating Web pages, email, and other online
content while making use of ontology semantic.

To construct and maintain the ontology, a
flexible and extensible tool is needed. Protégé
2000, developed by the Stanford University School
of Medicine, provides the right environment for

developing and maintaining the ontology in various
ontology languages. Its graphical user interface (GUI)
provides a better interface to deal with the language
syntax. In our work in developing OWL ontology, we
need to have protégé 2000 with the OWL plug-in. OWL
plug-in is a comprehensive OWL editor based on the
Protégé ontology development platform. It can be used
to load and save OWL files in various formats, to edit
OWL ontologies with custom-tailored graphical
widgets, and to perform intelligent reasoning based on
Description Logics (DL). The reasoning engine that is
provided directly by the plug-in is RACER [9]. With the
help of the reasoner, we can infer implicit knowledge
from the given ontology. The current user interface
supports two types of DL reasoning: consistency
checking and classification (subsumption).

5. Reasoning And Rules

The power of OWL is the language expressive

representative formalism and reasoning power. Because

OWL was derived from DAML+OIL, it can take

advantage of the existing reasoning algorithms in

Description Logics (DL). There are four basic tasks of

terminology reasoning in DL [10]:

¢ Subsumption check — check if one class is a subclass
of another

o Consistency check — check for inconsistent class
definitions

e Taxonomy construction — computes all subclass
relations (deriving new relations from the necessary
and sufficient conditions defined for a class)

e Classification — determines the classes that
immediately subsume or are subsumed by a given
class.

Reasoning tasks involving individuals, which are

called assertion reasoning are:

e Realization — given a partial description of an
individual, find the most specific concept that
describes it.

o Instance checking — given a partial description of
an individual and a class description, finds whether
the class describes the instance

e Individual retrieval — finds all individuals that are
described by a given concept.

Reasoning tasks are important during ontology
development and deployment. It checks for concept
inconsistencies, hidden dependencies, redundancies,
misclassification and derive implicit relationships
during development of ontologies. While deployment, it
is useful to answer queries as well as doing classifying.
The semantic of OWL allows us to define a ranking
function that distinguishes multiple degrees of
matching. There are three types of matches: exact
match where the concept to be found is found, plug-in
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match where the concept to be found is more
specific than the concept in ontology, and subsume
match where the concept to be found is more
general than the concept in ontology. The scoring
function of matching degree is given below:

Exact Match > Plugin Match > Subsume Match

The matching degree could be used is query
answering as used in our ontology. Some examples
are:
Query: Search for advertisement on all Toyota
model. The search will return all direct and indirect
instances of Toyota (including the instances of
Camry, Altis and Unser).

View All Filter OR

Clear All Filter AND
Car Model; Toyota
Car Mode:; null :J

4

Price [< > = >= <= value]:

Year [< > = >= <= value]!

Capacity < » = <= >= value]

Number of Owner [< > = <= >= vaiue]:

lﬂdtr. camry Capacity: 2.2 Mode: aulo Year 1999 Num of Owner: 1 Ph
ladv: camry GX Capacity: 2.2 Mote: aulo Year: 1984 Phone: 018-331 4
dv: carry Capacity: 2.2 Mode: auto Year. 2001 Num of Owner: 1 Ph
dv: allis Capacily: 1.8 Mode: auto Year: 2001 Num of Owner. 1 Phot
Adv unser GLI Capacity 1.8 Mode: auto Year: 2002 Num of Ownar:
LAdv: altis Capatily 1.6 Mode: manuat Num of Gwner. 1 Phorie: 012
]

Figure 3. Algernon Rule Triggering
Query for advertisement on Toyota Camry vehicle
ontology. The search agent has been written as a
java plug-in tab in Protégé environment.

View Al Filter OR
Clear All Filter AND
Car Modet; Camry v
Car Mode: nuil -
Price [<> = »= <= value}:

]
Capacity[<> = <=»>= value}:%

i
Number of Owner [<> = <= >= value];

r.[h’ carnry Capacity, 22 Made auta vear 1I99 M of Owner )
fily carory G Capacity, 207 Mode: 3 Tea 1994 Fhone 190

Iﬂ.rjv carnrg Capactty 7 2 Mode auto year 2001 Murm ol (eane |

Figure 4, Algernon Rule Triggering
Search for advertisement on all Toyota models that
is less than RM 70000.

Vieve All Filter OR

Clear all Filter AND

Car Model| Toyota -

Car Mode: nuil -

Price [< > = >= <= value]i< 70000

Year [< > = >= <= value]:

Capacity[< » = <= >= valua];

Number of Owner [< > = <= = value}:

camry GX Capacity: 2.2 idode: aulo Year. 1894 Phone: 018-331
unser GLI Capacity: 1.8 Mode: auto Year: 2002 Num of Owner.

Figure 5. Algernon Rule Triggering

Fact 1: NewYork is the capital of UnitedStates
(UnitedStates has property capitalOf with value
NewYork)

(tell((: NAME ?t1 UnitedStates )(capital Of 211

NewYork)))

Fact 2: NewYork is the Jocation of
WeatherNewYork (WeatherNewYork has
property location with value NewYork)
(tell((NAME 7t WeatherNewYork)(location ?t1

NewYork)))
Rule:
(tell (
(-add-rule WeatherContent (

(location ?content ?loc)
->(:subclass Location
?classes)(:instance ?classes
?loc)(:test(:lisp(eq ‘State '?classes)))
(capitalOf ?loc ?country)(inferred
?content ?country)) )

Rule Triggered:

7content — WeatherNewYork
(tell ( ?loc - NewYork
(-add-rule WeathdrContent {

(location WeatheyNewYork NewYork
->(:subclass Location ?classes)

(:instance ?classes ?loc) Expression to
(-test(lisp(eq 'State "?classes)))| evaluate whether
(capital Of ?loc ?country) the value of ?loc s

(inferred ?content ?country) ?é?vf@ffi‘fg of

D) type State.
Evaluate the
foltopving

Retrieve the capitalOf ?loc

(?country - UnitedStates), then
stating that WeatherNewYork
(?content) is also applicable to
United States (?country)

Figure 6. Algernon Rule Triggering
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In addition to the concepts and properties defined
in the ontology, one can define rules to express
knowledge [11]. The simplest variant of such rules
are expressions of the form C > D, where C and D
are distinct concepts. The meaning of such a rule is
“if an individual is proved to be instance of C, then
derive that it is also an instance of D”. Such rules
are often called trigger rules. Access-limited logic
and its embodiment in a knowledge-representation
language named Algernon [12] is a language for
representing knowledge in the computer, and a
method for drawing conclusions and answering
questions from that knowledge. We have used
Algernon plug-in  in  Protégé2000 to derive
additional information. By adding rules into
ontology, new information can be derived.
Algernon's syntax is like a predicate. It has the
form of (slot frame value). To express F is A's
mother's brother's cousin's wife's sister. We write
the Algernon facts:

A mother B brother C cousin D wife E sister F

For example in our prototype, one provider may
supply weather information of New York using the
terms from the ontology (UnitedStates, NewYork,
WeatherNewYork are instances while capitalOf,
inferred and location are object properties). By
running the Algernon engine, the weather of
United States could be inferred based on the
relationship stating that New York is the capital
city of United States. See figure 6.

6. Conclusion

To achieve more intelligent information system,
ontology is needed to define terminology that could
be used for the metadata description. One the
metadata is captured, instances of concept are
populated. After the instances of concepts have
been created, the instances could be exported to the
Web server in various presentation views to be
found by the search agents. Future works will focus
on ontology construction and instance population.
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Abstract

The vision of Semantic Web Services (SWS) is to
create dynamically interoperating nodes on the
web. To help realising the SWS, our work
proposes a model to organise the semantic web
services.  Besides, we propose a method to
transform existing web sites into semantic web
services. We achieve this by defining our domain
and state ontologies, analysing the navigational
behaviors of web sites using state-charts and
instantiating semantic web services by annotating
them with state ontologies and domain ontologies.

Keywords
Semantic Web, Ontology, Semantic Web Services

1. INTRODUCTION

The vision of SWS is to create dynamically
interoperating nodes on the web. In supporting of this
effort, technologies from Web Services and Semantic
Web have been tailored towards this vision. These
include XML standard as the unifying factors, SOAP
as the message passing definition, WSDL as the
description language for service interface, and
BPELAWS as the mechanisms for describing
interaction among several web services. On the other
hands, the Semantic Web offers the ontological
concepts in annotating web service capabilities as
well as interactions. Therefore, SWS can be seen as
using ontologies and semantically annotated service
descriptions to automate the fulfillment of tasks and
transactions [9]. Our work is in the same direction as
the proposed SWS, we propose a model to organize
the semantic web services and we aim to fasten the
adoption of SWS by transforming current web sites
(offering certain services through HTML forms) into
semantically annotated web services. Section two of
the paper outlines our proposed SWS organising
model. Section three describes the requirements for
web service annotation and section four briefs the
creation of our domain ontologies. The process of
wrapping web sites into semantic web services is
outlined in section five before we give some related
work and conclude our paper.

2. WEB SERVICES ORGANIZATION

Inspired by the work [2] on layered service ontology,
we have taken some aspects of the layering to cater
for two-dimensional view on web services. Figure 1
gives the proposed SWS model.

Upper Service Ontology

i)

Domain
Ontologies

Domain Service
Ontology

—AppHT—Typel

—Type2
—App2 .

State
Ontologies

Figurel SWS organization

Upper service ontology provides the basic structure
for web service description. DAML-S [1] and its
successor OWL-S [10] are potential candidates.
These ontologies provide a set of basic markup
primitives that could be used to describe different
attributes of web services. Qur model organises
semantic web services by domain service ontology.
Community from the same domain can usually reach
consensus easily on matters like vocabularies
(domain ontologies) used to communicate, security
policies and communication protocols. In our work,
we assume that different parties from the travel
domain have formed a community and are initiating
the semantic web services organisation.

There are two different views in analysing processes
[12]: parts of a process and types of a process. In our
approach, we view web services as processes and
organise them by part and by type. Figure 2 shows
the service category for the Travel domain.




Transportation Service and Accommodation Service
are some "parts" (sub activities) of the travel service
(In planning a travel, there are some sub activities
involved in getting services from transportation and
accommodation). Transportation Service is further
sub-typed into Flight Service, Car Service and Train
Service. Organising the services in this way facilitates
the discovery (browsing and searching) and
composition of semantic web services {11].

Domain
Ontologies

Travel Service Ontology

Transportation

Flight

Train

- Car
Accommodativu

State
Ontologies

Figure 2 SWS model for travel domain

The third element in the model is made up of many
domain specific ontologies and state ontologies. This
group of ontologies provides common vocabularies
for describing the services.

3. WEB SERVICES DESCRIPTION

There are many ways to describe a web service. The
quality of service description will affect directly its
applicability. By just describing the service name and
its provider, we can do a simple keyword-search
based on these criteria. By adding semantic to the
service description (marking with ontology terms),
searching on the services can now be based on
semantic and not just pure keywords. Annotating
service with attributes like input, output, precondition
and effect of the service will enable a functional
search and simple composition. To allow the
composing agent to automatically compose and
further execute the service, the internal behaviors and
the binding information of a service must be
captured. Therefore, we realize that specification of
semantic web services which aim at automatic
discovery, composition, execution and monitoring
should include semantic information about both data
flow (functionalities) and control flow (behaviors).
Besides describing the basic interface of web services
as proposed by W3C in DAML-S, our work use state-
charts [8] as the workflow specification language.
We use DAML-S in this paper although OWL-S is

the newest recommendation. In the future, we will
use OWL-S instead.

4. DOMAIN ONTOLOGY CREATION

In Semantic Web, we need domain ontologies that
organise the most relevant concepts, their
relationships, and instances. In SWS, ontologies
provide a shared conceptualization for interpreting
semantic markup of web services. It enables services
across the web to use the same terminologies to
interpret each other’s message and behavior
description.

In our work, we need ontologies in domain relevant
to travel as well as state ontologies that describe the
various stages of transaction. In particular, we need to
describe service input, output, pre-condition and
effect with ontology vocabularies. The state ontology
is created after analysing the web sites by collecting
the states from the state-charts, The remaining text in
this section refers to creation of domain ontologies.

Creating ontological descriptions for real-world
information is nontrivial. There are some available
public domain ontologies and communities in
electronic business have created several standards [5]
(product, catalog and document structure standard) in
effort to promote information integration.  An
example of standards in identifying e-commerce
products, United Nation Standard Products and
Services Codes (UN/SPSC) defines a hierarchical
classification with five levels with each level
containing a two-character numerical value and a
textual description.

While creating ontologies for use in our work, we
reuse some terminologies from the UN/SPSC and
enhance it further with WORDNET [3]. There are
several issues to be considered for a successful
ontology such as:

e Industry specific nced have to be taken into
account. Essential attributes and values of a
product highly differ per industry.

e Country specific needs and regulations

e Should be broadly supported by
standardisation bodies.

e Needs broad industry support (from both
businesses, marketplaces, and e-commerce
software vendors)

By considering these issues, our SWS model
categorises semantic web services by domain
communily to ease the creation and utilisation of
ontologies.




5. INSTANTIATING THE SEMANTIC WEB
SERVICES

Before instantiating semantic web services, we need
to acquire the generic service description from the
current web sites. We do this by analysing the
navigation behavior of web sites using state-charts.
Various states identifying in the state-charts makes up
the content for state ontology. Generalization
technique [6] is applied on the collected state-charts
to create a generic service behavior for similar
services. These generic service behaviors will be the
attributes of services as defines in our service
category ontology.

After getting the generic service description, we
populate the service model with real semantic web
services using the wrapping technique. Each web site
is categorised under a certain service category, which
imports several states from the state ontology.
Service instance is further marked up using
terminologies from the domain ontologies to describe
its required input and output. Each corresponding
state-charts will be transformed into workflow
language (BPEL4WS) and its pre-state and post-state
will become its pre-condition and effect respectively.
Figure three illustrates how a start-chart diagram can
be transformed into a generic service description
(input, output, pre-condition end effect). State-chart
provides important information about service pre-
condition and effect but not input and output
information. Input and output information could be
obtained by analysing web elements such as web
form elements and returned result. Each event in the
state-chart is the function in our service description
(Notice that we add two evenls into every service
description (init() and end() to denote the start and the
end of service flow).

FFind <no

resnlt>

Find <found>

Select

Fill Details

Reserve

<8neeess) Reserve <fail>

{ Conﬁrmedj [ Not Confirmed ]

Application; Transportation
Type: Car Rental
Operation:

o Init(l, O, P, E: Search)

e Find (I, O, P: Init, E: Select OR
No_Result)

o Select (I, O, P: Select, E: Fill_Details)

¢ Reserve (1, O, P: Fill_Details, E:
Confirmed OR Not_Confirmed)

¢ End(l, O, P: Confirm OR
Not_Confirmed, E)

I: Input; O: Output; P; Pre-condition; E: Effect

Figure 3 Creation of generic semantic web service from
state-chart

6. RELATED WORK

There are many papers [3, 7] that describe the
creation semantic web services; however they focus
mainly on service profile and not on behavior
attributes. Our work focuses on describing a web
service via its input, output, pre-condition and effect
(IOPE) besides the basic profile attributes. We
contribute by proposing a way to wrap existing web
applications into semantic web services, thus defining
its IOPE especially in defining the pre-condition and
effect of the services. This differs from the current
work that does not relate to the existing web
applications. Our approach creates the service
description as discussed and fastens the process of
realising the semantic web services.

Ontology creation can be done by human expert.
However, there are research work aims at generating
ontologies automatically or semi-automatically which
based on table analysis [13], taxonomy-directed web
sites [4] and thesaurus extension [2]. These efforts
complement with our work since we aim to utilize
ontologies that are commonly accepted. For state
ontology, none of the above-mentioned work is
creating ontology for describing states.

7. CONCLUSION

To realise the vision of SWS, there is a need for an
organising model. We propose a model that facilitates
the creation, discovery and composition of semantic
web services. By focusing on domain classification,
agreement on ontologies can be easily achieved and
commitment on the ontologies is better secured. We
also contribute in fastening the creation of semantic
web services. By using state-charts as the analysis
tool, we derive the generic service description that




captures the behavior attributes of services. Our
future work will further evaluate how our model can
facilitate the composition of semantic web services.
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Abstract

Electronic marketplace consists of many competing
companies who supply each other with web services. The
rapid growth of the number of Web services makes
finding, selecting and combining them a desirable but
challenging task. In this paper, we are proposing the
Ontology Web Language (OWL) to capture the content
knowledge and Web services. The proposed architecture
is part of the mFinance project that utilizing ontologies to
describe knowledge and services. We are prototyping a
service aggregator that serves as a service repository. It
keeps descriptions of services that are accessed by the
requester agent and advertised by the service provider.
We show how service description, selection and
composition are possible using ontologies.

Keyword: Knowledge Representation, Ontology,
Semantic Web Service, E-Commerce

1. Introduction

Electronic marketplace consists of many competing
companies who supply each other with web services. The
rapid growth of the number of Web services makes
finding, selecting and combining them a desirable but
chailenging task. There is a need to standardize the
descriptions of services to allow interoperability.
Standards such as Soap Object Access Protocol (SOAP)
[1] and Web Service Description Language (WSDL) [2]
which are based on XML provide descriptions of
messages transport mechanisms and descriptions of the
interface used by each service. However, neither SOAP
nor WSDL facilitates the automatic location and
composition of services on the basis of their capabilities.
The emerging XML-based standard Universal Description,
Discovery and Integration (UDDI) [3], which provides a
registry of businesses and Web services, also does not

help in capability-based searching and composition
because it lacks the explicit description of capabilities.
These proposed standards require programmers to
hardcode the Web services with information about their
interaction partners, the messages to exchange and the
interpretation of the messages that they receive. The result
is a set of rigid Web services that cannot reconfigure
dynamically to adapt to changes without direct human
intervention. Such hard-coded Web services are limited to
work with a definite set of providers and unable to
reconfigure when a new provider comes on line. This
limitation has pushed the growing of interests in the use of
ontologies as a means to facilitate interoperability. The
interoperability is achieved through the explicit modeling
of the intended meaning of concepts used in service
descriptions between different information sources,
software components and service providing softwares.

Service discovery involves the matching of two service
descriptions based on the properties that each service has.
A service advertisement is considered as a match for a
request when the advertisement is sufficiently similar to
the request. The sufficiently similar revolves around the
concept of subsumption which is provided by ontology. In
this paper, we are proposing the Ontology Web Language
(OWL) [4] to capture the content knowledge. Initiated by
the Ontology Web language — Service (OWL-S), we
describe the services using Protégé 2000. The ontologies
will be kept in a service aggregator that serves as a service
repository. It keeps descriptions of services that are
accessed by the requester agent and advertised by the
service provider. It also serves as the platform to perform
service composition.

The rest of the paper is outlined as follows. In section 2,
we discuss on the requirements needed in service
description language. Then, we introduce OWL-S as the
candidate service ontology in section 3. In section 4, we




show how to describe and compose services based on the
service descriptions we have created. We mention some
related works in section 5 and finally we conclude this
paper in section 6.

2. Description Language Requirements

To facilitate service discovery and composition, the
service description language should meet the following
requirements:

1. Sufficiently rich to capture as little or as much of
the capability of the service as needed

2. Flexible and extensible

3. Support arbitrary granularity

The description should include the following information:

e The type of problem, input and output data and
type

¢ Semantic  supported
RosettaNet, etc.)

e Logistical information or functionality atiributes
(example cost, quality of service, etc.)

e  Service binding description

(example  UNSPSC,

Once the services are merged together to form a uniform
space, ownership and tractability of service instances
might need to be distinguished. The data owner might
wish to limit the access control to their data or wish to
remove their data easily. Secondly, the service consumer
might wish to track back to the service sources. Both
requirements can be easily solved by augmenting the
service description with a provider profile.

The service descriptions should be classified to create an
index to the descriptions. Besides, classification helps to
impose the filtering mechanism and partial or imprecise
match. The same service description can be classified
differently depending on the view taken. This is called
‘multi-axial classification’.  Service classification can
base on the service semantics or operations, functionality
or the input and output interface, or the organization that
provides them.

3. OWL-S

OWL-S [5] is an OWL ontology which supplies the
service provider a core set of markup language constructs
for describing the properties and capabilities of service. It
has the same goals as the previous DAML-S to describe
services in an unambiguous, computer-interpretable form.
The OWL-S ontological description aims to allow
automatic  discovery, invocation, interoperability,

composition of new services, verification of services and
execution monitoring.

OWL-S adds rich typing and class information that we can
use to describe and constrain the range of Web service
capabilities. Such language enables the grouping of like
services and like data types into taxonomic hierarchies,
together with rich definitions of the relationships and
constraints between classes and their instances. Process
inputs and outputs are named and typed using either OWL
concepts (classes or properties) or data types that XML
Schema provides.

In OWL-S, a service is defined by three concepts (see
figure 1): a profile, a model and a grounding.

0...* input
Profile . > Parameter
0..* output Description
presents —
0...* preconditio
Service 0...* effect
refersTo restrictedTo
ServiceModel

I...* subPropertyOf 1% subClassOf
W supports V1yv¥]

Property Class I

0...* samePropertyAs 0...* sameClassAs

ServiceGrounding

Figure I OWL-S model

OWL-S allows for the description of a Web service in
terms of a Profile, which tells "what the service does", a
Process Model, which tells "how the service works", and a
Grounding, which tells "how to access the service". The
Profile and Process Model are considered to be abstract
specifications, in the sense that they do not specify the
details of particular message formats, protocols, and
network addresses by which a Web service is instantiated.
The role of the grounding is to provide these more concrete
details [6]. Generally speaking, the Profile provides the
information needed for an agent to discover a service.
Taken together, the Model and Grounding cbjects
associated with a service provide enough information for
an agent to make use of a service. For the service
composition, we will focus on the Profile to match the
input and output descriptions.

A service profile provides a high-level description of a
service and its provider. There are three types of
information captured in a profile: a human readable
description of the service, a specification of the
functionalities that are provided by the services, and the
functional attributes. Human readable description captures




information about the service, such as its provenance,
service name and text summary. Functionality
description specifies what the service provides and the
conditions that have to be satisfied for a successful result.
The service is represented by input and output properties
of the profile. Preconditions show one or more logical
conditions that should be satisfied prior to the service
being requested. These conditions should have associated
explicit effects that may occur of a service. Since different
services might only applicable to a specific audience,
there are other aspects of services that should be captured.
Some functional attributes are outlined below:

¢ Geographic Radius — refers to the geographical
scope of the service.
e Degree of Quality — provides qualifications for

the service.

e Service Parameter — an expanded list of
properties that may accompany a profile
description.

e Service Type - refers to a high level

classification of the services.

The attributes outlined above are not complete. Additional
attributes can be added depending on the system
requirements. In the next section, we only show the
attributes relevant for our service selection and
composition.

4. Service Aggregator Using Ontologies

A suite of ontologies are created to provide the service
classification, a shared vocabulary for expressing service
descriptions as well as reasoning processes to both
manage the coherency of the classifications and the
descriptions when they are created, and the service
discovery, matchmaking and composition when they are
deployed. Each service description refers to a number of
ontologies that define the domains of parameters like
input, output, precondition, effect and a number of
constraints between the parameters. There are two main
types of ontology involved in our prototype system, the
domain ontology and the service ontology (see figure 2).
The domain ontology will capture knowledge of interests
(Weather Ontology, Location Ontology, etc.) while the
service ontology describes services that refereeing the
domain ontology. The scope of the ontology is
determined by requirement to represent the service
descriptions.

Upper Level Ontology
T extends
[ ] I I
Classification Weather Phone Location
Ontology Ontology Ontology Ontology
T T T T
| | : |
: Service : : !
--1 Ontology |[-===~-========c-—-—-=-
refers

Figure 2 Ontologies for service description

The aggregator will interpret the service capabilities
advertised by the provider and return the best matching
services. While finding the best match, the aggregator
could compose new service workflow if the single service
could not fulfill the service request.

Our service aggregator model is shown in figure 3.
Concept Service will be used to classify services. It
provides service on some resources. Each service is
presented by many profiles, which are supplied by
providers. The profile supports a grounding that specifies
how the service should be invoked.

provides

provide

presents

suppliedBy

1ppoit

Figure 3 Service Aggregator Model

supportedBy

4.1. Service Description and Composition

Qur prototype system is build using the Protégé 2000
toolkit [7]. The system allows service provider to markup
up their services using the OWL ontology. Figure 4 and
table 1 shows some services that are advertised in the
aggregator.  There  are five  service  profiles
(LocationProfile01, LocationProfile02, LocationProfile03,
WeatherProfile01 and WeatherProfile02) registered under
the GetLocation and GetWeather Service, each requires
different inputs, outputs, preconditions and effects as listed
in table 1.




provides presents
Concept Level

Instance Level

'_ GetLocation
LocationProfile03
WeatherProfile0!
<\\’ eatherProfile02

LocationProfile01

LocationProfile02

Weather
Information

Figure 4. GetLocation and GetWeather services

Table 1. Service profile descriptions

rdf:datatype="http://www.w3.0org/2001/XMLSchema#int"
>1</owl:cardinality>
</owl:Restriction>
</rdfs;subClassOf>
</owl:Class>

LocationProfile02
Has Input PHONENUMBER
Has Qutput ~ LOCNAME

<owl:Class rdf:ID="CondName">
<rdfs:subClassOf rdf: resource="#Condition"/>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty>
<owl:DatatypeProperty rdf:about="#name"/>
<fowl:onProperty>
<owl:cardinality
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#int"
>1<fowl:cardinality>
</owl:Restriction>
</rdfs:subClassOf>
<fowl:Class>

Precondition

LocationProfile01

Has Input MSISDNNUMBER
DIAMETERVALUE

Has Output LOCNAME

<owl:Class rdf:ID="CondPhone">
<rdfs:subClassOf rdfiresource="#Condition"/>
<rdfs:subClassOf>
<owl:Restriction>
<owl:cardinality
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#int"
>1</owl.cardinality>
<owl:onProperty>
<owl:DatatypeProperty
rdf:about="#phoneNumber"/>
</owl:onProperty>
<fowl:Restriction>
</rdfs;subClassOf>
<fowl:Class>

Precondition

Effect <owl:Class rdf:ID="CondGeoPosition">
<rdfs:subClassOf>
<owl:Restriction>
<owl:cardinality
rdf:datatype="http://www.w3.0org/2001/XMLSchema#int"
>1</owl:cardinality>
<owl:.onProperty>
<owl:DatatypeProperty rdf:about="#latitude"/>
</owl:onProperty>
</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf rdfiresource="#Condition"/>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty>
<owl:DatatypeProperty rdf:about="#longtitude"/>
<fowl:onProperty>
<owl:cardinality
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#int"
>1</owl:cardinality>
<fowl:Restriction>
</rdfs:subClassOf>
</owl:Class>

LocationProfile03

Has Input LOCNAME
Has output LONGITUDE
LATITUDE

Eftect <owl:Class rdf:ID="CondGeoPosition">
<rdfs:subClassOf>
<owl:Restriction>
<owl:cardinality
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#int"
>1</owl:cardinality>
<owl:onProperty>
<owl:DatatypeProperty rdf:about="#latitude"/>
<fowl:onProperty>
</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf rdf:resource="#Condition"/>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty>
<owl:DatatypeProperty rdf:about="#longtitude"/>
<fowl:onProperty>
<owl:cardinality

<owl:Class rdf:1D="CondGeoPosition">
<rdfs:subClassOf>
<owl:Restriction>
<owtl:cardinality
rdf:datatype="http//www w3.org/2001/XMLSchema#int"
> </owl:cardinality>
<gwl:onProperty>
<owl: DatatypeProperty rdf about="#latitude"/>
</owl.onProperty>
</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf rdf:resource="#Condition"/>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty>
<owl:DatatypeProperty rdf:about="#longtitude"/>
</owl:onProperty>
<owl:cardinality

Precondition




rdf:datatype="http://www.w3.0rg/2001/XMLSchema#int"
>1</owtl:cardinality>
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>

Effect <owl:Class rdf:ID="CondName">
<rdfs:subClassOf rdfiresource="#Condition"/>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty>
<owl:DatatypeProperty rdf:about="#name"/>
</owl:onProperty>
<owl:cardinality
rdf:dataty pe="http://www.w3.0rg/2001/XMLSchema#int"
>]</owl:cardinality>
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>

WeatherProfile01

Has Input LOCNAME

Has Output MAXDEGREE
MINDEGREE

<owl:Class rdf:ID="CondGeoPosition">
<rdfs:subClassOf>
<owl:Restriction>
<owl:cardinality
rdfidatatype="http://www.w3.0rg/2001/XMLSchema#int"
>1</owl:cardinality>
<owl:onProperty>
<owl: DatatypeProperty rdf about="#latitude"/>
</owl:onProperty>
</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf rdf:resource="#Condition"/>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty>
<owl:DatatypeProperty rdf:about="#longtitude"/>
</owl:onProperty>
<owl:cardinality
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#int"
>1</owl:cardinality>
<fowl:Restriction>
</rdfs:subClassOf>
<fowl:Class>

Precondition

<owl:Class rdf. ID="CondName">
<rdfs:subClassOf rdf:resource="#Condition"/>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty>
<owl:DatatypeProperty rdf:about="#name"/>
</owl:onProperty>
<owl:cardinality
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#int"
>1</owl:cardinality>
<fowl:Restriction>
</rdfs:subClassOf>
</owl:Class>

Precondition

Effect <owl:Class rdf:ID="CondTemperature">
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty>
<owl:DatatypeProperty
rdf:about="#maxDegreeC"/>
</owl:onProperty>
<owl:cardinality
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#int"
> </owl:cardinality>
</owl:Restriction>
</rdfs:subClassOf>
* <rdfs:subClassOf>
<owl:Restriction>
<owl:cardinality
rdf:datatype="http://www.w3.0rg/200 /XML Schema#int"
>1<fowl:cardinality>
<owl.onProperty>
<owl:DatatypeProperty
rdf:about="#minDegreeC"/>
<fowl:onProperty>
</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>
<owl:Class rdf:ID="Condition"/>
</rdfs:subClassOf>
<fowl:Class>

Effect <owl:Class rdf:ID="CondSkyCondition">
<rdfs:subClassOf>
<owl:Restriction>
<owl:cardinality
rdf:datatype="http://www.w3.0org/2001/XMLSchema#int"
>1</owl:cardinality>
<owl:onProperty>
<owl:DatatypeProperty
rdf:about="#skyCondition"/>
<fowl:onProperty>
</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf rdf:resource="#Condition"/>
</ow!:Class>

WeatherProfile(2

Has Input LATITUDE
LONGITUDE

Has Output SKYCONDITION

Possible service requests for weather information that
involves service matching and composition are listed
below:

1. Service request |
Input: location name
Output: Weather information
Precondition: CondName
Effect: CondTemperature, CondSkyCondition

The reasoner derives that the output set required are
MAXDEGREE, MINDEGREE and
SKYCONDITION based on the attributes defined for
concept Weather, The effects needed are
CondTemperature and CondSkyCondition. The
composer decides that both WeatherProfile01 and
WeatheProfile02 are needed to fulfill the output and
effect set. The WeatherProfileO1 is selected because
the input is matched with the LOCNAME and the

precondition  holds. However, to get the
SKYCONDITION, the WeatheProfile02 requires
LATITUDE and LONGITUDE as inputs (or

CondGeoPosition as the precondition). The composer
will match the new input and precondition set with the




output and effect sets of registered services.
LocationProfile03 is selected since the input, output,
precondition and effect sets are matched. So, the new
service composition will be LocationProfile03 >
WeatherProfile02 and the WeatherProfile01 as shown
in the figure 5.

Input: LOCNAME

WeatherProfile01 LocationProfile03
Input: LOCNAME Input: LOCNAME
Output: Output:
MINDEGREE, LONGITUDE,
MAXDEGREE LATITUDE
2
WeatherProfile(2
Input:
LONGTITUDE.
LATITUDE
Output:
SKYCONDITION
I'4

Output: MINDEGREE,
MAXDEGREE,
SKYCONDITION
{WeatherInformation}

Figure 5. Service composition for Input: location name;
output: Weather information

NS

Service request 2

Input: phone number

Output: maximum and minimum degree of the day
Precondition: CondPhone

Effect: CondTemperature

The service composition will be LocationProfle02 >
WeatherProfile01

Service request 3

Input: MSISDN number, diameter

Output: Weather information

Precondition: CondPhone

Effect: CondTemperature, CondSkyCondition

(%)

The service composition will be LocationProfle01 >
WeatherProfile01 and  LocationProfile01 >
LocationProfile03 > WeatherProfile02

5. Related Work

AgentCities [8] is an example that explores the use of
agents in a distributed environment. It builds a network of
agent platforms that represent the virtual cities and
populates them with services such as dining, movies, etc...
There has been a number of different domain and service
ontologies. The domain ontologies represent the terms for
restaurant and movies while the service ontology captures
the terms used in the actual services. Some key issues from
this work are the use and integration of multiple separate
ontologies, potentially multiple ontologies for the same
domain or service and the use of ontologies in describing
the services.

The DAML-S Matchmaker [9] is a system to augment
current UDDI architecture with semantic service
descriptions. The Matchmaker aims to improve the
discovery process by allowing location of services based
on their capabilities. The basic idea used in the
matchmaker is making use of the subsumption relation
between the classes to find flexible matching beyond the
capabilities of the UDDI. After locating the services, the
DAML-S Virtue Machine [10], allows the autonomous
interaction and invocation of Web services based only on
the DAML-S specification with no need of the prior hard-
coding that would be needed by the Web services
specifications such as WSDL or Business Process
Execution language for Web Services (BPEL4WS).

6. Conclusion

In this paper, we have introduced a service aggregator that
could act as a composer agent. It enables the service
provider to describe the service semantically, helps
selecting and composing the services required using
ontologies. Our approach utilizes the service profile and
matches only the precondition and effect sets. We are
planning to do matching on the functional attributes to
allow more flexible composition. This paper does not
discuss the service Mode! and Grounding issues in details.
To allow execution of service, it is necessary to analyze
the Model and Grounding to come up with a concrete
description  for service invocation. Our current
implementation has assumed that all services are atomic
and the service invocation can be as simple as HTTP and
internal functional call, or as complex as SOAP invocation.
Our future works will look into the service Model and
Grounding issues.
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ABSTRACT

The vision of Semantic Web Services (SWS) is to create dynamically
interoperating nodes on the web. To help realising the SWS, our work
conducted under this short term grant proposed a model to organise information
integration and semantic interoperability support in ontologies. Besides, we
propose a method to transform existing web sites into semantic web services.
We achieve this by defining our domain and state ontologies, analysing the
navigational behaviors of web sites using state-charts and instantiating semantic

web services by annotating them with state ontologies and domain ontologies.

KEYWORDS
Semantic Web, Ontology, Semantic Web Services

1. Introduction

The vision of SWS is to create dynamically interoperating nodes on the web. In
supporting of this effort, technologies from Web Services and Semantic Web have been
tailored towards this vision. These include XML standard as the unifying factors, SOAP
as the message passing definition, WSDL as the description language for service
interface, and BPEL4WS as the mechanisms for describing interaction among several
web services. On the other hands, the Semantic Web offers the ontological concepts in
annotating web service capabilities as well as interactions. Therefore, SWS can be seen

as using ontologies and semantically annotated service descriptions to automate the




fulfillment of tasks and transactions [9]. Our work is in the same direction as the
proposed SWS, we propose a model to organize the semantic web services and we aim to
fasten the adoption of SWS by transforming current web sites (offering certain services
through HTML forms) into semantically annotated web services. Section two of the
report outlines our proposed SWS organizing model. Section three describes the
requirements for web service annotation and section four briefs the creation of our
domain ontologies. The process of wrapping web sites into semantic web services is

outlined in section five before we conclude our report.

2. WEB SERVICES ORGANIZATION

Inspired by the work [2] on layered service ontology, we have taken some aspects of the
layering to cater for two-dimensional view on web services. Upper service ontology
provides the basic structure for web service description. DAML-S [1] and its successor
OWL-S [10] are potential candidates. These ontologics provide a set of basic markup
primitives that could be used to describe different attributes of web services. Our model
organizes semantic web services by domain service ontology. Community from the same
domain can usually reach consensus easily on matters like vocabularies (domain
ontologies) used to communicate, security policies and communication protocols. In our
work, we assume that different parties from the travel domain have formed a community
and are initiating the semantic web services organisation. There are two different views in
analysing processes[12]: parts of a process and types of a process. In our approach, we
view web services as processes and organise them by part and by type. Organising the
services in this way facilitates the discovery (browsing and searching) and composition of
semantic web services [11]. The third element in the model is made up of many domain
specific ontologies and state ontologies. This group of ontologies provides common

vocabularies for describing the services.

3. WEB SERVICES DESCRIPTION
There are many ways to describe a web service. The quality of service description will
affect directly its applicability. By just describing the service name and its provider, we

can do a simple keyword-search based on these criteria. By adding semantic to the




service description (marking with ontology terms), searching on the services can now be
based on semantic and not just pure keywords. Annotating service with attributes like
input, output, precondition and effect of the service will enable a functional search and
simple composition. To allow the composing agent to automatically compose and further
execute the service, the internal behaviors and the binding information of a service must
be captured. Therefore, we realize that specification of semantic web services which aim
at automatic discovery, composition, execution and monitoring should include semantic
information about both data flow (functionalities) and control flow (behaviors). Besides
describing the basic interface of web services as proposed by W3C in DAML-S, our
work use state charts [8] as the workflow specification language. We use DAML-S in this
project although OWL-S is the newest recommendation. In the future, we will use OWL-

S instead.

4. DOMAIN ONTOLOGY CREATION

In Semantic Web, we need domain ontologies that organise the most relevant concepts,
their relationships, and instances. In SWS, ontologies provide a shared conceptualization
for interpreting semantic markup of web services. It enables services across the web to
use the same terminologies to interpret each other’s message and behavior description.

In our work, we need ontologies in domain relevant to travel as well as state ontologies
that describe the various stages of transaction. In particular, we need to describe service
input, output, pre-condition and effect with ontology vocabularies. The state ontology is
created after analysing the web sites by collecting the states from the state-charts. The
remaining text in this section refers to creation of domain ontologies. Creating
ontological descriptions for real-world information is nontrivial. There are some available
public domain ontologies and communities in electronic business have created several
standards [5] (product, catalog and document structure standard) in effort to promote
information integration. An example of standards in identifying e-commerce products,
United Nation Standard Products and Services Codes (UN/SPSC) defines a hierarchical
classification with five levels with each level containing a two-character numerical value

and a textual description. While creating ontologies for use in our work, we reuse some




terminologies from the UN/SPSC and enhance it further with WORDNET [3]. There are
several issues to be considered for a successful ontology such as:
* Industry specific need have to be taken into account. Essential attributes and
values of a product highly differ per industry.
* Country specific needs and regulations
* Should be broadly supported by standardisation bodies.
* Needs broad industry support (from both businesses, marketplaces, and e-
commerce software vendors)
By considering these issues, our SWS model categorises semantic web services by

domain community to ease the creation and utilisation of ontologies.

5. INSTANTIATING THE SEMANTIC WEB SERVICES

Before instantiating semantic web services, we need to acquire the generic service
description from the current web sites. We do this by analysing the navigation behavior
of web sites using state-charts. Various states identifying in the state-charts makes up the
content for state ontology. Generalization technique [6] is applied on the collected state-
charts to create a generic service behavior for similar services. These generic service

behaviors will be the attributes of services as defines in our service category ontology.

After getting the generic service description, we populate the service model with real
semantic web services using the wrapping technique. Each web site is categorised under a
certain service category, which imports several states from the state ontology. Service
instance is further marked up using terminologies from the domain ontologies to describe
its required input and output. Each corresponding state-charts will be transformed into
workflow language (BPEL4WS) and its pre-state and post-state will become its pre-
condition and effect respectively. State-chart provides important information about
service precondition and effect but not input and output information. Input and output
information could be obtained by analysing web elements such as web form elements and
returned result. Each event in the state-chart is the function in our service description
(Notice that we add two events into every service description (init() and end() to denote

the start and the end of service flow).




6. CONCLUSION

To realise the vision of SWS, there is a need for an organising model. In this project , we
proposed and implemented a model that facilitates the creation, discovery and
composition of semantic web services. By focusing on domain classification, agreement
on ontologies can be easily achieved and commitment on the ontologies is better secured.
We also contributed in fastening the creation of semantic web services. By using state-
charts as the analysis tool, we successfully derived the generic service description that
captures the behavior attributes of services. Our future work will further evaluate how our

model can facilitate the composition of semantic web services.
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