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A Method for Automatic Generation of OWL-S Service Ontology

Jin-Hyuk Yang*, and In-Jeong Chung*

Abstract: We present in this paper the methodology for automatic generation of OWL-S service
model ontology along with the results and issues. First, we extract information related to atomic
services and their properties such as IOPE from the UML class diagram, and retrieve information
related to the composition of services from the UML state-chart diagram. Then, the XSLT applications
utilize the acquired information to generate the OWL-S service model ontology through the predefined
mappings between OWL-S constructs for composite services and UML state-chart primitives. For the
justification of generated service ontology, several validation checks are performed. Our service
ontology generation method is general and fully automatic, as well as effective, in that it is achieved in
an environment familiar to developers, and information needed to generate service ontology is
provided necessarily during service development. It is also noticeable to facilitate representing the
condition with GUI rather than a complex language such as OCL.
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1. Introduction

As the role of the Internet becomes greatly valued, not
only for static resources such as web pages, but also for
dynamic ones such as services, the importance of web
services has been emphasized. However, the use of the
fundamental technologies of web services, such as WSDL
(Web Service Description Language)[1], UDDI (Universal
Description, Discovery, and Integration)[2], and SOAP
(Simple Object Access Protocol)[3], lacks intelligent
utilization of services called semantic web services[4]. For
example, as WSDL documents describe the interface of
service only, information required to composite and
interoperate among services is not contained in a WSDL
document. As UDDI registries support keyword-based APIs
for searching services, flexible results cannot be provided.
Hereupon, various standards have been published by
different communities such as BPEL4WS (Business
Process Execution Language for Web Services)[5] in the
web service community, WSCI (Web Service Choreography
Interface)[6] by W3C, and OWL-S (OWL for Services)[7]
in the semantic web community. Among these specifi-
cations, OWL-S was adopted as the semantic web service
markup in this paper, since OWL-S, as service ontology
written in OWL (Ontology Web Language)[8], enables
inferencing and allows the use of services more
intelligently. Relationships with the other various specifi-
cations can be found in [9] and [10].

In this paper, we present the methodology for automatic
generation of OWL-S service ontology, along with the
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results. In particular, we focused on the OWL-S service
model ontology among three OWL-S ontologies (service
profile, service model and service grounding), since crucial
information on how to interoperate with other services is
described within the service model ontology. This kind of
information is essentially required to enable intelligent web
services such as automatic web services composition.

For automatic generation of the OWL-S service model
ontology, we extracted information related to atomic
services and their properties such as IOPE (Input, Output,
Precondition, and Effects) from the UML class diagram,
and retrieved information related to the composition of
services from the UML state-chart diagram. Then, XSLT
(Extensible Stylesheet Language Transformation) appli-
cations utilized the acquired information to generate the
OWL-S service model ontology through the defined
mappings in section 3 between OWL-S constructs for
composite services and UML state-chart primitives. For the
justification of generated ontology, we performed a few
available validation checks. The rationales behind our
approach are described in detail in section 3, and the
difference with existing UML approaches is addressed in
subsection 2.2.

Our service ontology generation method is not only fully
automatic but also general, to be applied in any case, and is
also effective in that it is performed in an environment
familiar to developers, and information needed to generate
service ontology is necessarily provided during service
development. This familiar environment means they use
only UML and do not need to use OWL-S to generate
OWL-S ontology. In addition, we propose a method for
modeling OWL-S condition expression with GUI in the
UML diagram instead of a complex language such as OCL
(Object Constraint Language). A detailed explanation on
this issue is addressed again in subsection 3.2.

Copyright © 2006 KIPS (ISSN 1738-8899)
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The organization of this paper is as follows: Section 2
describes the semantic web services and introduction to
OWL-S, in brief. Also, the existing works for ontology
generation are addressed. Automatic generation of the
OWL-S service model ontology method is presented in
section 3. Implementation is presented in section 4, and
analysis and discussion are mentioned in section 5. Finally,
the conclusion and further works are described in section 6.

2. Related Works

2.1 Short Introduction to Semantic Web Services and
OWL-S

Semantic web services, often called ‘intelligent web
services’, first introduced in [4], enables web services to be
intelligent using ontologies which play an important role as
metadata for inferencing in semantic web. One reason for
semantic web services gaining recognition can be
attributed to limitation on intelligent utilization of web
service via its fundamental technologies such as WSDL
and UDDI. WSDL only exposes the information about
service’s signature and does not describe the specific
information related to service’s behavior. And, UDDI
makes it difficult for various users with different needs to
retrieve flexible and appropriate services, as it supports
keyword-based search APIs.

As a part of the efforts to overcome WSDL’s expres-
siveness problem, expressive markup languages (mostly
for composition) such as BPEL4AWS, WSCI and OWL-S
have been published. Among these, OWL-S is service
ontology written in OWL. OWL is an Al-inspired markup
language and supports reasoning. Also, it has been adopted
by W3C as the standard for representing ontology.
Relationships and comparisons between OWL-S and other
various specifications can be found in [9] and [10].

The goal of OWL-S is to allow automatic services
discovery, execution, composition and interoperation. As
metadata for a service, OWL-S has three sub-ontologies for
describing the service: Service Profile ontology, Service
Model ontology and Service Grounding ontology. Service
Profile describes what the service does, including IOPE
information, and is used for automatic services discovery.
Service Model describes the conditions and constraints on
the service’s behavior, and Service Grounding describes
how to access the service.

2.2 Existing Ontology Generation-related Works

The main idea behind using ontology is to pursue
automation and intelligence via reasoning on metadata with
regard to resources. However, the task of creating ontology
is time-consuming and difficult as indicated in [11].
Therefore, automatic and effective ontology creation is
very important.

[12] describes an ontology creation method for database
design with some heuristics. [13] applies machine learning

and statistical techniques to automatically extract ontology
knowledge from documents. [14] uses hierarchical cluster-
ing to generate the concept hierarchy, and then generates
RDFS ontology. [15] uses a decision tree and a set of rules
acquired from the ID3 algorithm. [16] uses a knowledge
grid applied to the existing grid with data mining
techniques.

On the other hand, there are UML approaches for
ontology modeling and generation. [17] addresses the use
of a UML class diagram for ontology modeling. [18§]
mentions ontology modeling for agent through
comparisons with description logic, which is the origin of
ontology markup. In particular, [19], as white paper
adopted in OMG ontology working group, proposes the
issues and solutions that occurred in modeling ontology
with UML. Also, [20] indicates these kinds of problems. In
[19] and [20], mapping definitions are described between
UML primitives and ontology markup languages such as
OIL and DAMLAOIL. The recent MDA (Model Driven
Architecture)-based method for ontology modeling and
generation is introduced in [21] and [22]. [23] mentions the
current situation and future issues of UML approaches,
including reasons for using UML.

The main difference between our approach and the
existing ones is to not create domain ontology, but generate
service ontology. As described above, the domain ontology
creation approach can be divided into two kinds': The
approach in the first category extracts the concepts and
relations from a number of documents (mostly unstruc-
tured) or database using domain analysis or data mining
techniques. The UML approach in the second category
uses a UML class diagram to model the domain concepts
and relationships, and then transforms to concrete ontology
markup automatically. However, modeling domain
ontology with a UML class diagram involves manual
processes (who will extract the domain concepts and
relationships?). On the other hand, the process of service
ontology generation focuses on the extraction of the
service’s interface and service’s composition infor-mation
required to be interoperable, rather than domain concepts
and relationships from a number of unstructured
documents. Note that our approach differs from the
existing UML modeling paradigm, though UML diagrams
are used in modeling; the UML class diagram and UML
state-chart diagram are necessarily created during the
service development lifecycle (developers first design the
model with UML and then apply coding), regardless of
generating the service ontology. Namely, extra effort and
time to model service ontology is not needed.

It can be found in [24] as related work on creating
OWL-S service ontology. [24] uses service’s auto-

' Note that two kinds of methods are not exclusive, as UML modeling
approach simply mentions a representation scheme and has nothing to
do with any method of extraction itself. The extraction approach may
rely on the UML approach as its representation for the extracted
concepts and relations. Once done with UML modeling, various
techniques such as a transformation method can be applied to create
ontology based on the model.
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generated WSDL document and annotates it. [25] uses a
UML activity diagram to generate service’s BPEL4WS
specification. However, [24] is semi-automatic, and as
such, is an annoyance to the developers. [25] is similar to
our approach with UML activity diagram and BPEL4WS,
rather than UML state-chart diagram and OWL-S.
Comparisons between OWL-S and BPEL4WS are
described in [9] and [10], and the reasons for using a UML
state-chart diagram instead of an activity diagram is
described in section 5.

The most remarkable approach is [42], which auto-
matically generates OWL-S ontology from the WSDL
document through the mappings between OWL-S and
WSDL. However, [42] enforces manual processing for
completing the OWL-S service model ontology when it
contains more than one atomic process (i.e., when the
service is a composite process). In fact, this is due to the
expressiveness of WSDL. Therefore, our research can be
regarded as a complementary approach to [42]. Moreover,
we present a way to express the condition with GUI instead
of a complex language such as OCL.

3. Automatic Generation
of OWL-S Service Ontology

3.1 Motivation and Design Principles

Service ontologies must be created in order to realize
semantic web services. If it is expensive and time-
consuming to create the service ontologies, this becomes
an obstacle to populating ontologies. Therefore, it is
desirable to create service ontologies that are automatic and
effective. Even some tools such as [26] and [27] provide an
ontology-editing environment, and they force modelers
(developers) to understand OWL-S. Moreover, extra time
and efforts are needed in modeling ontologies. Hereupon,
we decided on two design principles.

Principle 1: Service ontology must be generated in an
automatic manner. To populate the service ontologies
necessarily needed in the realization of semantic web
services, it is highly desirable to generate the service
ontologies in automatic form, as servicess WSDL
documents are automatically generated in Java and .NET
environment. In other words, information related to
existing services (or ones being created) should be
contributed to generate the service ontologies without
additional use of tools or extra time and costs.

Principle 2: Generation of service ontologies should be
easy and familiar to creators of service ontologies. Most
developers (service ontology creators) are unfamiliar with
OWL-S. It is a huge obstacle to populating service
ontologies, to have them create ontologies with an
unfamiliar markup language, not to mention syntax errors;
the task of generating the service ontologies is additional
work for them (they are usually programmers not Al

experts and need only to create services themselves). If the
task is difficult, they will be reluctant to create the service
ontologies. Therefore, the task must be performed in an
easy and familiar environment for developers.

We embody the following two approaches to reflect the
above principles.

We considered the XSLT application to generate the

service ontology. XSLT application takes an XML file as
input and can generate any type of document. It also allows
selecting, sequencing, arranging, correcting, adding,
sorting, and filtering XML data precisely at one’s
convenience. In addition, it is possible to access most XML
document components (element, attribute, comment, and
processing instruction). Moreover, it is allowed to use
variables and built-in functions as in a procedural
programming language. The main factor behind our
decision to use XSLT to generate service ontology
automatically is as follows: Acquired information related
to service model at the UML approach (as our second
decision principle, described below) is exported to XMI
(XML Metadata Interchange), and this is the XML
document; XMI is an OMG standard for exchanging
metadata.
In order to provide an easy and familiar generation
environment for developers, we chose UML, which is
widely adopted in software engineering as the GUI
standard for modeling. UML and UML CASE (Computer
Aided Software Engineering) tools are familiar to service
developers, as they design and analyze via UML and UML
CASEs. It is our main objective to extract information
needed to generate service ontology without any additional
effort or time from UML diagrams which are necessarily
created during the service development process. In order to
accomplish this objective, UML diagrams are exported to
XMI files which are used to generate service ontology in
XSLT applications through the defined mappings below.

3.2 Mapping Definitions Between OWL-S Constructs
for Composite Services and UML State-chart
Primitives

In this section, we will address several rules embodied in
the XSLT application used to generate the OWL-S service
model ontology. These rules are based on the mappings
between OWL-S constructs for composite services and
UML state-chart primitives.

We considered two separate processes in generating the
OWL-S service model ontology: The first process of
generating atomic services and their IOPE-related
attributes, and the second process of generating infor-
mation related to composite services. In other words,
information related to services’ attributes is extracted from
the UML class diagram in the first process, and compo-
sition information related to composite service is extracted
from the UML state-chart diagram in the second process.
The reason why we extracted different information from
different UML diagrams is because the UML class diagram
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is suitable for describing the atomic services, as well as

their attributes and relationships with other atomic services,

while the UML state-chart diagram is suitable for model
services’ behavior and allows a description of composite
service composed of other composite services. Namely, the
UML class diagram cannot provide what the UML state-
chart can, and vice versa.

In the following, we only define the mappings between
OWL-S constructs for composite service and UML state-
chart diagram primitives, since mappings between
primitives of the UML class diagram and OWL-S’s
attribute-related information are simple and already defined
in [17-19].

* Sequence: OWL-S Sequence is a construct for
specifying the sequence of services. It is defined as
stereotyped” tramsition.

I
s WS 7

4

m Sequence m

Fig. 1. Mapping definition for OWL-S Sequence

 Split and Split+Join: OWL-S Split and Split+Join are
constructs for modeling synchronization. They are
defined using the Fork/Join primitive.

| sm OVILS

Fig. 2. Mapping d;ginition for OWL-S Split

Fig. 3. Mapping definition for OWL-S Split+Join

* Choice and AnyOrder: OWL-S AnyOrder and Choice
are constructs for modeling for selections. They are

2 UML profile for OWL-S constructs is described in subsection
5.3.

defined using Choice primitive.

IHBFEEHSH

sm OWL-S

Fig. 5. Mapping definition for OWL-S AnyOrder

e [f-Then-Else: OWL-S If-Then-Else is a construct for
modeling conditional branching. It is defined using
Choice for branching. In addition, stereotyped class
and dependency are used.

sm OWL-S

State2
Then.
If-Then-Else
Else

Choice

i

f

Class1

Fig. 6. Mapping Definition for OWL-S If-Then-Else

o Jterate, Repeat-While and Repeat-Until: OWL-S
Iterate’ and its subclasses Repeat-While and Repeat-
Until are structured loop constructs. Repeat-While
and Repeat-Until are defined as combinations of
mapping definition used for OWL-S If-Then-Else
(for specifying condition) and stereotyped transition
primitive. Repeat-Until is defined in the same
manner.

3 This construct is abstract class, so we did not consider it when
defining mappings.
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Fsm owl.s ./
. 7

Repeat-While CompositeState

O

. If-Then-Else ‘ Then -
Initial Else

Chdice

!

1

v O,
Class1 Final

Fig. 7. Mapping definition for OWL-S Repeat-While

It is noticeable in the mapping definitions how the
OWL-S If-Then-Else construct is mapped to UML state-
chart diagram primitives. The reason for using class and
dependency beyond UML state-chart diagram primitives is
because of our decision to use GUI to represent condition.
Allowed languages for expressing condition in OWL-S
include SWRL (Semantic Web Rule Language)[28], RDF
(Resource Description Framework)[29], KIF (Knowledge
Interchange Format)[30], and PDDL (Planning Domain
Definition Language)[31]. Among these specifications, we
chose SWRL, since it is not only layered on top of OWL,
but is also considered the candidate standard for rule
expression by DAML.org. Atoms of SWRL can be created
using unary predicates (classes), binary predicates
(properties), equalities and inequalities. These SWRL
atoms are children of ruleml: body and ruleml: body
which have ruleml: imp as their parent component in
RuleML [32]. Among the many constructs for various
SWRL atoms, we chose three first of all: classAtom,
individualPropertyAtom, and builtinAtom. However,
others can be similarly modeled in our approach.

Again, here is another reason for using class and
dependency to model OWL-S condition expressed with
SWRL. Condition (predicate) name and information
related to arguments and their types are needed to specify
the condition using the three above SWRL atoms. Some of
our considerations on describing the necessary information
for specifying condition in the UML state-chart diagram
include use of OCL and direct representation of SWRL
expression within note section. However, using OCL or
specifying note is forcing developers to understand OCL
and SWRL, and this approach is not considered automatic
because the represented condition expression in OCL or
SWRL must be parsed and manipulated again. In order to
solve this problem, we decided to use class and
dependency. Stereotyped dependency was used to represent
the SWRL atom type, while the stereotyped class was used
to describe the SWRL atom name. Attributes are used to
describe the condition’s arguments and their types within
the class. This approach makes it easy to express condition
with GUI in a UML state-chart diagram, and allows
transformation to be automatic and simple.

3.3 Transformation Algorithm

Based on the mappings in the previous subsection, we
address in this subsection transformation algorithm of
XSLT application, which takes the XMI file exported from
the UML state-chart diagram and generates one of the two
parts of the OWL-S service model ontology. The algorithm
on XSLT application for generating the remaining two parts
of the OWL-S service model ontology is not described here
because it is simple and published methods can be applied
in this case, as we mentioned in subsection 3.2.

Step 1: Extract and output the entire composite service
name.
Step 2: Perform the following for each case.

Step 2-1: Case: Sequence

// Find and print source and target state of Sequence in
order.

Identify source id and target id of Sequence transition
in XMI tree structure, and then output corresponding
names of states, respectively.

Step 2-2: Case: Split and Split+Join
// Find and print source state and associated target
sates of Split and Split+Join.
Identify state (Fork/Join primitive in UML state-chart
diagram) having target of Split (Split+Join) transition
as source in XMI tree structure, and then output the
names of target states of transitions having id of
identified state as source.

Step 2-3: Case: AnyOrder and Choice
// First, find and print source of AnyOrder (Choice)
/I Second, find and print associated targets of Choice

(UML)

Identify state (Choice primitive in UML state-chart
diagram) having target of AnyOrder (Choice) transition
as source in XMI tree structure, and then output the
names of target states of transitions having id of
identified state as source.

Step 2-4: Case: If-Then-Else
Identify state (Choice primitive in UML sate-chart
diagram) having target of If-Then-Else transition as
source in XMI tree structure and store id of identified
state into temporary variable.
/' If condition part
Identify and output the name of dependency having
value of temporary variable as source id.
Output the name of target (class) of identified
dependency as well as attributes’ names and their
types of the target.
// Then part
Identify Then-labeled transition having value of
temporary variable as source id.
Output name of target state of the identified transition
labeled with Then.
// Else part
Identify FElse-labeled transition having value of
temporary variable as source id.
Output name of target state of the identified transition
labeled with Else.
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Step 2-5: Case: Repeat-While and Repeat-Until

Identify target state of Repeat-While (Repeat-Until)
transition, and store id of that state (composite state)
into temporary variable.
Identify If-Then-Else transition having value of
temporary variable as id.
// While (Until) condition part
Apply If part of If-Then-Else case in same manner.
// Service to be repeated
Identify Then-labeled transition having value of
temporary variable as source id.
Output name of target state of the identified transition
labeled with Then.

Step 3: Output appropriate closing elements and terminate.

4. Implementation

4.1 Simple Scenario

As a simple scenario, we chose and adapted the one
introduced in [4], which introduced the semantic web
service first. This is about travel service: Someone wants to
travel from one place to another via airplane or automobile.
If the driving time from the departure place to the
destination takes greater than 3 hours, then he/she would
want to fly. Otherwise, he/she would rent a car.
Furthermore, we assume the entire travel service is
composed of two separate steps: (1) deciding on the
transportation means, and (2) selecting accommodation.
There are two possible transportation means: airplane and
automobile.

4.2 Design4

Fig. 8 depicts our scenario mentioned in the previous
subsection. We used the class diagram to logically model
the travel service composed of three atomic services:
AirlineTicketing, CarRental and HotelReservation.

cd TravelService /
AirlineTicketing
-/ AitineName: sting
-/ DateandTime: string
4 Start: sring
- Destination: sting
-/ BoardingTime: sting
ﬂ'/ TicketPrice: sting
then \ HotelReservation
sequence
. If-Then-Else_ ! /. il -/ HotelRating: Snng%
else
CarRental -/ Duration: string
Initial Junction -/ HotelPrice: sting 5l
TransfortationChoice | / RentalPrice: sring
builinAtom + CarRating: sting
; 4 Period: stfing
greaterThan
- DrivingTime: int
int

Fig. 8. Class diagram for travel service

* Note that extra labeling process is not needed when existing
UML diagrams are already labeled during the service development
process. This means the service ontology generation process can be
fully automatic. Otherwise, developers just import UML profile
for OWL-S and label onto UML diagrams being created. This
means simplicity and effectiveness.

Fig. 9 describes that the entire service is composed of
one composite service (Transportation) and atomic service
(HotelReservation). It also depicts that the entire service
must be executed in sequence. Fig. 10 is an expansion of
the composite service Tranmsportation. Note how the
condition assumed in our scenario is modeled with UML
primitives. The condition GUI indicates if driving time is
greater than 3 hours (can be expressed as greater than
(DrivingTime, 3)), and then AirlineTicketing service
would be used, otherwise CarRental service.

7

sm TeavelService

Transportation

HotelReservation
. Sequence o
oo
Initial Final

Fig. 9. State-chart diagram for entire travel (composite)
service

T
sa: Teansportation )~

AirlineTicketing

O ifthen-else then
EntryPoint Transdonw EXitPoint
bulltu'-lAtom else

0
1
¥
Transportation::
greaterThan

CarRental

DrivingTime: int
3. int

Fig. 10. State-chart diagram for Transportation service

4.3 Transformation

The UML class diagram and state-chart diagram are
exported to 2 separate XMI files, and then two separate
XSLT applications (written with the help of [41]) in Fig.
11 and Fig. 12 to produce output files. Finally, as shown in
Fig. 13, the generated OWL-S service model ontology is
produced as an integrated file.

2 Stylus Studio XML Professisnal Edition ~ [travel.xsl] 181X
o lle Edit Ylew Projsct Debug XELT SourceControl Tools Window Hely 181X

weaE@ PO S 9 (7]

+ & O
i travel2 xel [ traVR 81| i TravelSer, | i TravelSer. |
B | [Travell Sl BB
Add Source Document [ [match="7"

j & [ TravelServiceClassDiagram XMl xml
M

%]
(=]

Set Tarzet Dacurrent |
Dynamic Document Node [E] & [~
RO 1.5
process:dtomicProcess &5
i &
process hesinput & 51
processiimput § -
fiD &
process daransterType Th

@ xi version i
@ xmins ML o
4 tmastarp

I |
]
3 ¥Miheader
=& XML content ok
£k UML Model
processhasoutput &5

@ name / /
;‘ @ xmiid processioutput §-=
A s pocecsisaranetoType T =

="http: //waw. wd. org/ TR/ xpata- functions#" smulns:swrlx="http:/ /e, danl. |
yes"/>

Element/UNL: "

am="/>
&/ UML: Mod e1/UML: Nemespacs . ownecELement/ UNL: Packag e/ UML: Namespace . ow

>
<xsl:atribute name="rdf:ID"> <xsl:value-cf select="@neme"/> </xsl:cttribute>
>

"UML:Classifier. feature/UML: Attribute>

"UML: Mode 1l ement. taggedValue/UMD: TagaecValue/ TML; TacgedValue. dataValue = input'"> _I;I
o[ 4

<

__
XSLT Seurce ), Mepper WYSTHYG
I |
[ WM @

Fig. 11. XSLT application for UML class diagram
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<xslstylashest version="1.0 snins U1 =org omg i nemespace UML' s tulemi="tii o 3 orgf2003/11ulal” sinsiop="htp
cusloutout method="html* ndent='yes'/>
ulieolate matche"/ >
e acesos e v ol org/servizsiow-i 1.1 /Procass.ow smins rof="htp s 3. ora/| 999102/ 22-1di-syios
Suelor- b SR NAN. San st UV AToca UL Narnespace ot amnt/ UL Paagof NI Naraepa s cunedElaman /LML
<l choose>

<xslwhen test="@narme = 'Sequence>
cishvariabls naTie="senid” sleci= @xi 4°1>

Cestvarabl nane="source” scecl="@source't>
ceslvarable name=targel! sdlact= "@larget'/>
>

2 o
\ |
T

Fig. 12. XSLT application for UML state-chart diagram

XSLTSWV: MaDDEv 3avam$/0\hev WYETWG

A D:WMine(20041 38 62

i =8l
I¢E EZE EAW 1) =30 =32H ‘ »

QFE -0 -HE | Pey vz enil |- 5 BUH
Z4(D) [@] D line (20043 38 €2 015)Wdissertationtt = 23] (2[0S W4T 5 7 Hravel3.owl

EEEOER

<zl versicn="1.0" 7>

~ <rAfROF xrrins:rulemi="http://viww.w3.0rg/2003/11/ruleml* xmins: op="http:/ /wwiw.w3.0rg/ TR /xpath-functions#"
srinsiswik="http:/ /. damlorg/rules/ proposal/swrl.owlk* sins:srpr="http:/ /swews dam.org /services  owl-
s/L.1/generic/| 1" wmins: list="http:// vevv o owl-s/1.1/g ist.owl4"
#ins:xsd="http:/ /wwivi.w3.0r9/ 2001/ X¥LSchema " mins rdf "Nt/ fvrvive w3.0r0/1699/02/32-rdl-syntax-ns#"
wrrlns: process="http:/ /wwiw.daml.org/services/ovl-s/ 1.1/Process.owl#">

rdf.1D=

- <process:composedofs
- <procass:Secuerces
- <process: components>
- <process:ControlCanstructL st> b=
~ alisz: first>
- <process:Perform>

pracess:r
</process: Perforri
</list:fist>
- <liszirest>
- <process:Perforri>
pracess:r ion' />
</process: Perfarms
</list:rest>
</prozess: ControlConstruct ist>
</process: componznts>
</process:Sequence>
</process: composedofs
</arocess; ConpositePracess>
- c rdf.ID=
~ <process: composedofs
- <froczss:If-Then-Else>
- <process:iftondition>
- <expr SWRL-Condition>
~ <exprexpressionBody rdf.parse Type="Literal">
- <swrl: AtomList>
- <rdf:first>
- <swr http:/ /) 3.0rg/2003/11/swrlb# greaterThan'> |
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Fig. 13. Generated OWL-S service model ontology for
travel scenario

4.4 Validation

We validated and confirmed the generated service
ontology in several steps, since the OWL-S validator,
provided by standard organization such as W3C, was not
available. First, we used the site [33] available in W3C for
the RDF-level test. Fig. 14 shows a successful RDF test.
As W3C does not support beyond RDF, we had to use
other sites to validate our generated ontology. Fortunately,
a couple of OWL validators were available. Among them,
we used [34] and verified as shown in Fig. 15. With respect
to OWL-S validation, we found [35]. However, they do not
support OWL-S version 1.1. Moreover, their OWL-S
validator does not support all the OWL-S constructs for
composite service - they support only Sequence,
Unordered and Split. Therefore, we validated and
confirmed our generated ontology, with the exception of
the If-Then-Else construct part.

We decided not to perform semantic evaluation of the
generated ontology at this time due to the following two

reasons, and we attributed this validation to future works.

OntoClean [43] is a unique approach towards the formal
evaluation of ontologies. In order to make it work, it is
required to manually annotate a given taxonomy of
concepts with a set of meta-properties[44]. This fact
violates our principles of simplicity and automation.

And OntoClean methodology is not well suited for
evaluating service ontology’. In order to ensure the
correctness of the generated ontology, actual service
referred by the ontology be tested, and then the results be
checked against the intended ones. Real application use of
the generated service ontology can be semantic
matchmaking, which is another hot topic in the research
field of semantic web services. To show the use of the
generated service ontology (i.e., to verify the intended
semantics of the ontology) is beyond this paper’s topic.
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Fig. 14. Successful RDF validation result
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Fig. 15. Successful OWL validator result

5. Analysis and Discussion

In this section, we address and discuss several issues
with respect to generating service ontology.

° Note that as we already mentioned in subsection 2.2, there exist
differences between domain ontology and service ontology.



Jin-Hyuk Yang, and In-Jeong Chung 121

5.1 State-chart Diagram vs. Activity Diagram

We adopted a UML state-chart diagram to model
service’s composition. As a matter of fact, use of the state-
chart or activity diagram for modeling service ontology is
considered a future work in [20]. In practice, the activity
diagram is used to model service’s composition and
generate BPEL4WS specification in [25].

The reason for using state-chart instead of the activity
diagram is because the state-chart diagram not only has
well-defined semantics, but also basic flow constructs such
as sequence, conditional branching, structured loops,
concurrent threads and synchronization primitives, as in
most process modeling languages[36]. These features
facilitate applying formal manipulation techniques to the
state-chart model, and guarantee that state-chart can be
adapted to other web service modeling languages such as
BPEL4WS and WSCI[36].

5.2 Generality of Transformation Algorithm

Our transformation algorithm described in subsection
3.2 works not only in our scenario, but also in general
cases. To explain this, we look first at the XMI tree
structure exported from the UML state-chart.

Since all of OWL-S constructs for composite service are
stored at UML:Transition elements in the XMI file, the
algorithm works, in general, for any (composite) service
composed of complex composite services.

We used EA [37] as the UML CASE and exported to

XMI version 1.2. One thing noticeable is that our XSLT
application may not work if a different UML CASE tool
other than EA is used. This is due to the fact that XMIs
exported from different UML CASE tools have different
tree structures. In other words, EA, ArgoUML [38], and
IBM Rational Rose [39] use their own methods (i.e.,
element naming) to generate XMI from the UML diagram.
Even if we use the same UMAL CASE tool, a different
XMI may be generated with a different XMI version.
In order to cope with the above issues, we considered
possible solutions as follows: The XMI version issue is
simple if we agree on using the same XMI version.
Another problem arising from a different UML CASE tool
forces one to build a new XSLT application. This is a
critical problem, not because we need to create another
XSLT application, but because different XMI files from the
same model prevents sharing and reuse of the metadata
(XMI). However, this kind of problem can be resolved if
we define mappings between the two XMI files. Namely,
we can create another XSLT that takes XMI from one
UML CASE tool and transforms to the other XMI, which
conforms to XMI from another UML CASE tool. In fact,
these kinds of issues, as well as the possible solutions we
recommended, are precisely mentioned in [40].

5.3 UML Profile

To maintain interoperability with UML specification, we

created a UML profile where stereotyped transitions used
in defining mappings in section 3 are described. Fig. 16
depicts the contents of the profile imported in the design
phase. We used the stateflow type for OWL-S constructs
for composite service, dependency type for three kinds of
SWRL Atoms, and class type for instances of built-
inAtom. Use of the dependency type rather than the
stateflow type was due to the fact that the target type is not
state, but class.

Resource View

I ﬁ‘ Resources

i MDG Technologies

=1 (3] UML Profiles
=~ [By UML Profile for Modeling OWL-S Control Constructs
- A Bequence
— Split
- A Split+Join
- A By Order
e A Choice
2 Fepeat-While
- A Repeat-Until
e A -Then-Else
- # Then
. A Else

A classétom

- A individualProperty &tam
e BuiltinAtarn
- B equal
- B notEqual
- B lessThan
- B lessThanQrEqual
- B greaterThan
greater ThanQrEqual

- [z] UML Patterns
[ (B0 Templates
& &y Documents
- 5 Matrix Profiles
- [#] Favorites
- [F] Stylesheets

Epraject Wiy | @Resource WiE |

Fig. 16. UML profile for stereotyped OWL-S control
constructs for composite services.

6. Conclusion and Future Works

We proposed a method for generating OWL-S service
model ontology where service’s behavior was described.
First, we extracted information related to atomic services
and their attributes, including IOPEs, from the UML class
diagram UML, and extracted information related to
service’s composition from the UML state-chart diagram.
Then, these two metadata were exported to two separate
XMI files. Next, we generated the OWL-S service model
ontology through XSLT applications based on the
predefined mappings between UML diagram primitives
and OWL-S constructs. Our approach for generating
service ontology is general and fully automatic, as well as
effective, in that it is performed in a familiar environment
and information needed to generate service ontology is
provided necessarily during service development. Another
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contribution may be representing condition using GUI
rather than a complex language such as OCL. For the
justification of generated ontology, we performed several
available validation checks.

As future works, we considered the method of
expressing with GUI complex condition where more than
one predicate are represented. Simply, several dependency
and class types can be used to express the complex
condition. However, we may encounter a case where it is
necessary to carefully consider the evaluation order of the
individual condition of the complex condition expression.
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