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ABSTRACT it is important to create tools that can leverage developers’ experi-

The semantic web promises to bring automation to the areas of€nces in data and object-oriented modeling to create ontologies that

web service discovery, composition and invocation. In order to ca_rr_hbe uged to (tj)escrfl.tt)e erb serwges. b . t ted
realize these benefits, rich semantic descriptions of web services '€ Primary beneiits or semantic web Sservices are automate

must be created by the software developer. A steep learning Curvediscove_ry, compositio_n and invocation_. These bengfits can or_lly
and lack of tool support for developing such descriptions thus far P€ rr]ealllzeq thr%‘:gh W'd?]Sprleaq adoption IOf Se,ma?‘t'c web servrllce
have created significant adoption barriers for semantic web servicet€chnologies. Many technologies currently exist that support the

technologies. In this paper, we present a model-driven architecture SEMantic web. However, widespread adoption is not possible with
based approach for specifying semantic web service compositionsthe current state of toc_)l support a_nd lack of formal methodologies
through the use of a UML profile that extends class and activity di- for developing semantic web services.

agrams. This profile is used in transformations that facilitate auto- _Web se_rvice compositions described using semantic technolo-
matic construction of OWL-S specifications from UML diagrams. gies provide several advantages over current syntax-based tech-

Conditions required by the composition, such as those on control "010gies such as BPEL [3]. Semantic descriptions of compositions

constructs, are specified using OCL and transformed into SWRL €an be given to reasoners for more intelligent service discovery
during the construction process and matchmaking. Semantic rules can be used to provide pre and

post conditions for service compositions. These pre and post con-
ditions can be evaluated at runtime. Furthermore, semantic web
1. INTRODUCTION service compositions describe services at a higher level of abstrac-
The semantic welis considered by many to be the future of the tion, which facilitates the development of dynamic service binding
current web [1]. Resources in the semantic web are enhanced (i.etechniques.
given semantics) using rich description languages such as the Web In this paper, we describe a methodology grounded in the use of
Ontology Language (OWL) [2]. Intelligent software agents can, model-driven architecture for specifying semantic web services. In
in turn, use these descriptions to reason about web resources angrevious work, we focused on specificationasbmic processes
automate their use to accomplish goals specified by the end-userOWL-S [4], a semantic web service language. This paper addresses
including intelligent search and retrieval. Creating semantic de- composition operatorby facilitating the generation of OWL-S us-
scriptions requires skill in the areas of knowledge engineering and ing UML as a specification language and XSLT transforms for syn-
representation. thesizing descriptions of composite processes. The paper also ad-
Semantic web services are web services that have been enhancedresses the use of OCL [5] to specify various conditions required
with formal semantic descriptions. Semantic descriptions as ex- by the composition including pre and post conditions on processes
pressed with ontologies and description logics enable automatedand conditions on control constructs. In our approach, OCL con-
discovery, composition and invocation of services. In this context, ditions are converted into SWRL [6] using additional XSLT trans-
an ontologyis a formal conceptualization of a particular domain. forms. There are several challenges involved in creating semantic
A description is created using concepts from that domain, proper- descriptions of service compositions. The first challege is a syntac-
ties of those concepts, and relationships between concepts. In thigic one. Developers must learn new languages such as OWL and
way, ontologies are useful for describing the semantics of a web SWRL in order to create semantic descriptions. Current tools cre-
service. As such, developers must create ontologies to describe serate a steep learning curve and the XML-based syntax itself can be
vice capabilities, inputs, outputs and execution semantics - a taskverbose and error prone. Developers must also learn the semantics
that many are unfamiliar with. Subsequently, to facilitate adoption, of these description languages. The UML is suitable for use as an

” . . . ontology language [7, 8]. The default semantics of the UML class
irfff)??r?:t?grf)thggym\gﬁgh?m%% ;?fualjsr%islg?(?r??:rsaof ZODSVSS_N and activity diagrams are similar to those of a semantic description

ported by ACM. language. In those in_stances where UML has semantic differences,
This author supported by National Science Foundation CAREER standard UML extensions such as stereotypes and tagged valges are
grant No CCR-%%SSQSG y prowdepl. As such, our approach addresses both the syntactic and
¥ ' ' semantic challenges noted above.
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ing OWL-S compositions using UML including transformation of

OCL into SWRL. An example that illustrates the approach is pro-
vided in Section 4, while Section 5 describes related work. Finally,
Section 6 draws conclusions and discusses future investigations.

2. BACKGROUND
2.1 SOA and Web Services

Service-Oriented Architecture (SOA) is a software architecture
in which the software components are loosely-coupled, interopera-
ble services typically implemented as web services [9]. A web ser-

vice is a modular, well-defined software component that exposes its

interface over a network. Applications use web services by sending
and receiving XML messages over HTTP. Web services allow mul-
tiple organizations to interact in a uniform, well-defined manner
which promotes interoperability between multiple heterogeneous
distributed systems.

The Web Service Definition Language (WSDL) is an XML-based
language for defining a web service in terms of its operations, in-

puts, outputs, messages, data types as well as specific protocols fo

accessing the service. A WSDL document is a syntactical descrip-
tion of the service. That is, it defines the structure of messages

but does not elaborate on the meaning behind those messages or

the data types of which they are composed. The WSDL is widely

accepted in industry as the standard for describing services in a

syntactic manner [10].

2.2 Ontologies and Semantic Web Services

An ontology is a set of concepts, their properties and the rela-
tionships between them. Ontologies provide the building blocks
for expressing semantics in a well-defined manner [1]. Ontologies
serve as the primary building block for adding semantics to web
services in this project. Modeling with ontologies is not all un-
like domain modeling in software engineering and there are a lot
of things, which are analogous between the two disciplines (e.g.
classes, inheritance, properties, etc.).

The Web Ontology Language (OWL) is an XML-based language
for describing ontologies [2]. The OWL was designed to allow for

the specification of semantic descriptions for resources on the Web,

facilitating interpretation by autonomous software agents. These

ite). TheServiceGroundinglescribes how to access and is used for
service invocation.

The Semantic Web Rule Language (SWRL) is a language for
expressing rules that extend the axiomatic capabilities of OWL [6].
These rules can be used to express conditions for OWL-S specifica-
tions including pre-conditions, post-conditions and effects. SWRL
rules can also be used to express conditions in control constructs of
OWL-S composite processes.

2.3 UML and OCL

The Unified Modeling Language (UML) is a general-purpose
modeling language for software systems [12]. The language can
be used to model all static and dynamic aspects of the system in-
cluding both structure and behavior. The UML uses a graphical
notation to illustrate various aspects of a software system, and can
also be serialized into an XML-based textual format for interop-
erability between modeling tools. The semantics of the UML can
be extended using profiles to fit modeling into a particular domain
such as semantic web services. UML profiles can cordgreo-
typesandtagged valuesStereotypes are names that, when attached
0 model elements, are used to convey the meaning of that element.
Tagged values are name/value pairs which are attached to model
elements and provide a mechanism for supplying additional infor-
mation about the element. UML has widespread tool support and
has been widely adopted in both industry and academia.

The Object Constraint Language (OCL) is a language used for
representing expressions for UML models [5]. Typically, OCL ex-
pressions are used to represent invariants that hold true over a UML
model. One important aspect of OCL conditions is that they do not
have side effects. Evaluating an OCL expression will not modify
the state of a model. Evaluating an expression, however, may call
an operation that does change the state of the model.

3. APPROACH

3.1 Overview

In order for many new techniques and technologies to gain entry
into a market, many factors must be considered. While standardiza-
tion can often be a major reason why adoption of a new technology
succeeds, another factor is ease of use. That s, if a technology adds

resources may be anything from simple web pages to complex weblittle new overhead or requires little in the way of new training, then

services. Because OWL descriptions have an XML-based syntax,

it is more likely to be adopted.

they are platform-independent and can easily be transferred over a We are developing an approach that lessens the burden of speci-

network and manipulated with existing tools.

fying semantic web services on software developers already famil-

Semantic web services are web services that have been describeéar with UML and OCL. In our approach, the software developer

semantically, enabling automated discovery, composition and invo-

specifies a web service at a higher level of abstraction than that

cation. Semantic-rich languages are used to describe these servicesf WSDL. Specifically, in our approach, the structure of the ser-
their capabilities and expected inputs. These languages, such as theice is specified using a UML Class Diagram, pre and post condi-

Resource Description Framework (RDF [11]) and OWL, are used

tions on service operations are specified using OCL, UML Activity

to create ontologies of concepts used in service descriptions. TheDiagrams are used to specify service compositions, and OCL is

process of semantic web service specification involves using on-
tologies to give meaning to a service and its components.

OWL-S [4] is an upper ontology for web services written in
OWL. The metamodel for the OWL-S ontology is depicted in Fig-
ure 1 using a UML diagram. The OWL-S ontology is intended to

also used to specify conditions required by service compositions.
An automated design tool then takes the UML model of the ser-
vice and transforms it into an OWL-S specification. Any condi-

tions specified using OCL are transformed into SWRL expressions.
As part of our investigations, we are developing domain models

provide a base for creating semantic descriptions of services and isfor web services and web service compositions as a way to facili-

divided into three main parts. Tt8erviceProfilelescribes what the
service does and is used for service discovery. $arsiceModel

describes how the service works and is used for service composi-

tion. A service composition may contain both atomic and compos-

tate the creation of OWL-S Grounding Models using WSDL spec-
ifications. Furthermore, we are investigating the use of different
service matchmaking techniques including lightweight signature-
based techniques [13] and more computationally expensive seman-

ite processes. An atomic process represents an indivisible unit oftic techniques [14].

computation. On the other hand, a composite process is made up,
of control constructs and other processes (either atomic or compos->-

2 Framework
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Figure 1: OWL-S Metamodel in UML

This research focuses on the creation of a model-driven frame- a verbose format. UML activity diagrams are serialized using a
work for developing semantic web services. The framework sup- node/edge list representation. Due to the declarative nature of the
ports the specification of semantic web services, the grounding of XSLT language, processing this type of graph representation proves
those services to concrete service implementations and the executo be complicated. Also, XSLT 1.0 has relatively primitive features
tion of those services. Forward-engineering is employed when us- for processing strings making the parsing of conditions written in
ing the framework to develop semantic web service descriptions. OCL more challenging.

Models are the primary artefact of the development process. Thus, The following transformations have been created: transforma-
any changes that happen at the model level require service descripiion of stereotyped UML classes to instances of classes in the OWL-
tions to be regenerated. Consequently, manual changes made to th& ontology, transformation of stereotyped UML classes to standard
generated descriptions are not propagated backwards. OWL classes, transformation of stereotyped UML packages to rep-

The framework relies on a set of software tools that were created resent the dependence on external ontologies and the transforma-
to support specification and execution. The framework architecture tion of stereotyped UML activity diagrams to an instance of the
is seen in Figure 2. OWL-S composite process class, including control constructs such

aslf-Then-ElseSplit-Join etc.
\ Utilizing a graphical user interface, the grounding tool allows the
Téﬂlitﬁ&ﬂsaﬁ?; developer to map concepts in the partial OWL-S specification to in-

v put/output messages and operations in a WSDL file. The grounding
tool uses this mapping to generate the full grounding for the OWL-
S specification. The execution tool takes the complete, grounded
OWL-S wio OWL-S specification and transforms it into an executable specifi-
grounding cation. This executable specification could be written in a variety of
languages such as BPEL [3], Java, @ ©ur current environment
used the OWL-S API [15] to acheive execution.

—UML Models (XMI)-p=| Specification Tool

!

WSDL

~ Specification(s) Srelndiopicol

I

OWL-S w/
grounding 3.3 Specification of Atomic Processes
In previous work, we developed an approach for generating atomic
process specifications in OWL-S using UML [16]. In that work,
Executable BPEL we created a UML profile for semantic web services that included
definition of stereotypes and tagged values for facilitating both the
specification task as well as the transformation task. An excerpt of
Figure 2: Framework Architecture the UML profile that we have defined for atomic processes is shown
in Table 1(a). The primary specification vehicle that we used was

The specification tool transforms UML models, created with a the UML class diagram.
UML Profile for OWL-S, into a partial OWL-S specification. Be- .p . .
cause both the UML models and the OWL-S specifications use 3.4 Spec:lflcatlon of Composﬂe Processes
an XML-based serialization format, XSLT has been chosen as the Individual web services can be composed to create complex com-
transformation language. posite behaviors and workflows. A composition, in turn, can itself
Several technology challenges exist when using XSLT to create be exposed as a web service. Services can be reused in multiple,
the appropriate model transformations. The XMI format, used for different compositions. Compositions can be static; that is, deter-
representing UML models in XML, is not user friendly as itis quite mined before runtime or, they can be dynamic, which means that

Execution Tool

)




UML Extension Model Element |OWL-S Construct

<<presents>> stereotype Association Service instance presents property
<<describedBy>> stereotype Association Service instance describedBy property
<<supports>> stereotype Association Service instance supports property
<<AtomicProcess>> stereotype CallAction AtomicProcess instance

<<Service>> stereotype Class Service instance

<<Profile>> stereotype Class Profile instance

<<AtomicProcess>> stereotype Class AtomicProcess instance
<<Grounding>> stereotype Class Grounding instance

<<owl:Class>> stereotype Class inline OWL class definition
serviceName tagged value Class Profile instance serviceName property
textDescription tagged value Class Profile instance textDescription property
actor:name tagged value Class Profile instance actor:name property
actor:title tagged value Class Profile instance actor:phone property
actor:phone tagged value Class Profile instance actor:fax property
actor:fax tagged value Class Profile instance actor:email property
actor:email tagged value Class Profile instance actor:email property
actor:physicalAddress tagged value |[Class Profile instance actor:physicalAddress property
actor:webURL tagged value Class Profile instance actor:webURL property
xsd:decimal data type DataType XML Schema decimal data type
xsd:float data type DataType XML Schema float data type
xsd:gYearMonth data type DataType XML Schema gMonthYear data type
xsd:string data type DataType XML Schema string data type
<<AtomicProcess>> stereotype Operation AtomicProcess instance

hasResultVar tagged value Operation Process instance hasResultVar property
hasResult tagged value Operation Process instance hasResult property
hasLocal tagged value Operation Process instance hasLocal property
hasPrecondition tagged value Operation Process instance hasPrecondition property
inCondition tagged value Operation Process instance inCondition property
hasEffect Operation Process instance hasEffect property
<<owl:Ontology>> stereotype Package external ontology

uriRef tagged value Package external ontology URI reference

(a) Atomic Processes

UML Extension Model Element |[OWL-S Construct

<<then>> stereotype ActivityEdge If-Then-Else control construct instance then property
<<else>> stereotype ActivityEdge If-Then-Else control construct instance else property
<<CompositeProcess>> stereotype  |CallAction CompositeProcess instance

<<CompositeProcess>> stereotype  |Class CompositeProcess instance

<<Choice>> stereotype DecisionNode  |Choice control construct instance

<<lf-Then-Else>> stereotype DecisionNode _|lf-Then-Else control construct instance

<<Repeat-While>> stereotype DecisionNode  |Repeat-While control construct instance

<<Repeat-Until>> stereotype DecisionNode |Repeat-Until control construct instance

ifCondition tagged value DecisionNode _|lf-Then-Else control construct instance

whileCondition tagged value DecisionNode  |Repeat-While control construct instance whileCondition property
untilCondition tagged value DecisionNode  |Repeat-Until control construct instance untilCondition property
<<Split-Join>> stereotype ForkNode Split-Join control construct instance

<<Any-Order>> stereotype ForkNode Any-Order control construct instance

<<CompositeProcess>> stereotype  |Operation CompositeProcess instance

<<Produce>> stereotype Operation Produce instance

hasDataFrom tagged value Operation Process instance hasDataFrom property

producedBinding tagged value Operation Produce instance producedBinding property

withOutput tagged value Operation Process instance withOutput property

(b) Composite Processes

Table 1: UML Profile for OWL-S




they are determined at runtime. If a web a service has been de-tifying processes and control constructs can be seen in Figure 4.
scribed semantically using concepts from an ontology, it is possible This figure contains one atomic process naredateBookand
for a software agent or reasoner to create compositions using thatone composite process hamé€dngoBuyBoak The If-Then-Else
service dynamically at runtime. It is also possible to choose which construct is also used as indicated by tkié-Then-Else) stereo-
services to bind to using a semantic description of the composition type on the decision node. The decision node contains a condition
and plugging in concrete services that are required for a specific namedFullCongoBuyBookInStockhich is used to conditionally
functionality [16]. Compositeprocesses differ from atomic pro-  execute th&€€ongoBuyBoolprocess.
cesses in that they maintain state. The state of a composite process The tagged values in Table 1(b) are used for data binding be-
is changed each time a message is sent to it by the client [4]. tween processes in the composition. HlasDataFrontagged value
The specification of composite processes involves additional com-are used to specify how a parameter for a particular process binds
plexity beyond that of atomic processes. Atomic processes areto a parameter in another process. Ti@ondition tagged value
the building blocks for composite processes. Control constructs represents the condition which must be true in order to execute
are used to “glue” together atomic processes into compositions. the “then” path in thelf-Then-Elseconstruct. In a UML activ-
These control constructs, as described in Section 3.5, also requirety diagram, the “then” path is identified with thgthen)) stereo-
the specification of conditions. Additional complexity comes from type. Similarly, the “else” path is marked, in the diagram, with the
the requirement to support data binding between processes in a((else) stereotype.
composition. Certain processes may require complex composi- Figures 5-7 contain patterns of UML activity diagrams that are
tions that involve many atomic processes and even other compos-used to model equivalent OWL-S composition constructs. Activ-
ite processes. In order to support these types of complex com-ity diagrams use a graphical notation similar to flowcharts, where
positions, a hierarchical approach is required. Using the UML activities are represented using boxes with rounded corners and de-
Activity Diagram patterns in Section 3.4.2, the developer creates cision structures are represented using diamonds. In the diagrams,
complex compositions by nesting these simpler patterns inside onethe activities marked with thé/AtomicProcesy stereotypes can
another creating one activity diagram for each activity with the be alternatively stereotyped witfCompositeProce$s This al-

({(CompositeProcessstereotype. lows for more complex compositions to be specified. $eguence
construct uses a straightforward representatioBefuences a se-
3.4.1 Structural Concerns ries of processes which execute one after another. The semantics of

Class diagrams used to model composite processes contain seWML activity diagrams matches the OWL-Sequenceonstruct.
eral features that facilitate the specification of service composi- An example of theSequenceonstruct in UML is seen in Figure
tions. UML Operations in the class with the stereotyf@omposite- ~ 5(8). Thelf-Then-Elseconstruct comes in two versions. The first

Procesg) also contain stereotypes. An operation with thetomic- ~ version has two paths of execution: a “then” path and an “else”
Procesy) stereotype is are transformed directly into OWIA®mM- path and is seen in Figure 5(b). The second version has no “else
icProcessconstructs. Operations with thgCompositeProce$s path and translates to the conditional execution of one atomic or

sterotype indicate that a corresponding UML Activity Diagram with  COMposite process and is seen in Figure 5(c). _

the same name has been (or must be) specified. These stereotypes The Split-Joinconstruct represents concurrent execution of mgl-
are used during the transformation process to determine which UMLLiPle processes. It closely follows the parallel activity construct in
Operations must be expanded using a UML Activity Diagram. UML activity diagrams. Thépllt-Jomconstrugt was also stralg_ht-

It is possible to reference classes in external ontologies using forward to implement. An example of tH@plit-Join construct is
UML packages. The developer specifies a UML package with the Seen in Figure 6(a). Th€hoiceconstruct is similar in structure
stereotype (owl:Ontology)) and the tagged valugriRef Then for to If-Then-Elsein terms of UML |mp[§mentatlon and is shown in
each class that will be used in the model, a placeholder class must™igure 6(b). AChoiceconstruct specifies that any path can be cho-
be created so that the class can be referenced in the model. Arsen and executed from a given set of paths. Ahg-Ordercon-
example of using external ontologies can be seen in Figure 3. struct is modeled similarly to &plit-Join An Any-Orderconstruct

specifies that processes are executed in any order but not concur-
3.4.2 Composition Using UML Activity Diagrams rently. The UML activity diagram for thény-Orderconstruct is

. ) o . ~ shown in Figure 6(c). The two looping constru&epeat-While
Mappings from UML to OWL-S for _specn‘ylng composne Pro”  ond Repeat-Untilare modeled using single-entry, single-exit de-
cesses have been added to our previous model-driven framework”.

for semantic web service development [16]. The mappings en- sign patterns. They are represented by _using a_nalogous UML ac-
capsulate the relationships between model elements in the UML“VIty merge and decision nodes. The primary difference between

activity diagram and concepts/properties in tBerviceModebf itEeF?NSrLZOg'(rS gqrfdd;"?gl)sm_?r:géhigt?w;ﬁ:;!gmtzyf g\fli;ubaetesseen
the OWL-S ontology. The mappings support specification of com- 9u . " P ;

osite processes in the OWL-S ServiceModel and can use an 0fthe whileConditionbefore it conditionally executes thehilePro-
tphe follgwin OWL-S control constructsSequencelf-Then-Else Y Ol cess TheRepeat-Untitonstruct executes thumtilProcesdirst and
Split-Join C%oiceAn -Order Re eat-WhiIe?ndRe eat-Until The then checks thentilConditionbefore continuing. The semantics
mgppings also supp)c/)rt data bin%ing between seFr)vices involved in aof these constructs are similar to the while statement and do-while

composition (i.e. the mapping of data between the output of one statement in a general programming 'f”‘”guage.-. . .
: . . In order to support composite service specifications, additional
service and the input of another service).

The additional UML profile extensions for composite processes :L?nastfgr;r?cat'?c?cg:j:}rlee{ egrltjwl;esde ?Elz\éeatrzosgsvgg gg\ﬁgz\cﬁ%gﬁg
are shown in Table 1(b). Specifically, semantic extensions for mod- o the UMLpProfiIe for OWL-S Because composit
eling elements in the UML activity diagram have been added to . . : posite processes can
the profile including: stereotypes on call actions, decision nodes, contain other composite processes, a recursive approach was used

merge nodes, fork nodes and join nodes and tagged values Theitn creating the rules for composite processes. An excerpt of the
stereotypes identify instances of control constructs inSbevice- ransformation rule for thé-Then-Elseconstruct is seen in Figure

Model of the OWL-S ontology. An example of stereotypes iden- 4(0).



<<Service>>
FullCongoBuyService

- } |
<<presents>> <<describedBy>> <<supports>>
- |
- h J '
<<Profile>> <<CompositeProcess>> <<Grounding>>
Profile_Full_Congo_BookBuying_Service FullCongoBuy FullCongoBuyGrounding
<<CompositeProcess>>+FullCongoBuy(...):
<<owl:Ontology>> <<CompositeProcess>>+CongoBuyBook(...):
ProfileHierarchy <<CompositeProcess>>+BuySequence...): <<owl:Ontology>>
<<CompositeProcess>>+SignInAlternatives(...): TimeOntology
<<owl:Class>> <<Compos!teProoess>>+SignInSequence(...): -
ISBN <<CompositeProcess>>+CreateAcctSequence...): <<owl:Class>>
(from ProfileHierarchy) <<AtomicProcess>>+LocateBook(...): Instant
<<AtomicProcess>>+PutInCart(...): (from TimeOntology)
<<AtomicProcess>>+Signin(...):
<<owl:Class>> <<AtomicProcess>>+CreateAcct(...):
Book <<AtomicProcess>>+LoadUserProfile(...):
(from ProfileHierarchy) <<AtomicProcess>>+SpecifyPaymentMethod(...):
<<AtomicProcess>>+SpecifyDeliveryDetails(...):
<<AtomicProcess>>+FinalizeBuy(...):

Figure 3: UML Class Diagram with Stereotypes and Packages

<process:If-Then-Else>
<xsl:choose>

<xsl:when test="contains($condition, ':')">
<process:ifCondition>
<= AtomicProcess == <expr:SWRL-Condition rdf:ID="...">
LocateBook <expr:expressionBody rdf:parseType="Literal">

"ocl2swrl">
expression" select="..."/>
"operationName" select="..."/>

<xsl:call-template nam
<xsl:with-param nal
<xsl:with param nal
</xsl:call template>
</expr:expressionBody>
</expr:SWRL Condition>
<= then == FullCongoBuyBo okinStock </process:ifCondition>
</xsl:when>
<xsl:otherwise>

; <proc: if i rdf:r rce="#{$ i n}"/>
< CompositeProcess »> </x§;?o§§Zr;i§2:dltlon rdf:resource="#{$condition}"/
CongoBuyB ook << gles = </xsl:choose>

<process:then>
<xsl:call-template name="handleNode">
<xsl:with-param name="node" select="$thenNode"/>
</xsl:call-template>
</process:then>
3 <xsl:if test="name ($elseNode)="UML2:CallAction'">
<process:else>
<xsl:call-temp
<xsl:with-pa
</xsl:call-tel

</process:else>
6.6 </xsl:if>
</process:If-Then-Else>

(a) FullCongoBuy Example (b) If-Then-Else Transformation Rule (Excerpt)

<= |[f-Then-Else ==

te name="handleNode">
am name="node" select="$elseNode"/>
ate>

Figure 4: UML Activity Diagram with Stereotypes

3.5 Translation of OCL to SWRL The hasPreconditioninCondition andhasEffectag definitions

To support complex activities such as automated reasoning and@ré used to specify various conditions and expressionshasieo-
matchmaking, semantic information needs to be provided in the ¢l andhasResultvaare used to declare variables that are used in
control specifications described above. Through the use of OCL these expressions. ThasDataFrom withOutput andproduced-
our approach capture a portion of the behavioral semantics of theings used in data flows between processes. All of the tags are used
web service composition (e.g. preconditions, postconditions, and &S extensionsto a UML operation which is part of the process class.

conditions on control constructs). The producedOutputag definition is used in conjunction with the
In order to support all of the information required to make the ((Producg) stereotype. o o
transformation between UML/OCL and OWL-S/SWRL, a well- The SWRL language specification [6] was used as a guideline

defined tagged value syntax was created. Table 2 summarizes thd0 develop transformation rules (encoded in XSLT) that transform
syntax. The syntax provides a standard mechanism for the de-OCL expressions into SWRL. The SWRL language uses a con-
veloper to specify OCL expressions and data binding information junction of atoms to represent expressions. There are four primary
in a UML model. The syntax consists of comma separated lists, types of atoms which are supported: class atoms, individual prop-
with OCL expressions and their names being separated using a'ty atoms, data-valued property atoms, and built-in atoms. An
colon. The developer may omit the expression in which case the individual property atom holds true if an OWL individual is re-
name refers to an expression that has been defined elsewhere in thited to another OWL individual via a property. A class atom holds

model. This provides a convenient way for the developer to reuse trué if an OWL individual is a member of the specified OWL class.
expressions. A data-valued property atom holds true if the property of an in-



== then == << glsg == == |f-Then-Else ==

== MomicProcess ==

) ifConditiontame
Action_1 =< |f.Then-Else >» =< then »»

ifConditiontame

== MomicProcess == == AomicProcess == <= AtomicProcess ==
Action_5 Action_& Action _7 <= glse =n
== MomicProcess ==
Action_2
L
® ®
(a) Sequence (b) If-Then-Else (c) If-Then-Else (fall-through)

Figure 5: UML Activity Diagram Patterns of OWL-S Constructs

<< Any-Order ==

<= AtomicProcess >»
Action _9

<< Choice ==

<= AomicProcess >» <= AomicProcess >»
Action_10 Action _11

<= AomicProcess >» <= AomicProcess >»
Action _3 Action _4

<= AomicProcess >>
Action _8

!

(a) Split-Join (b) Choice (c) Any-Order

Figure 6: UML Activity Diagram Patterns of OWL-S Constructs (cont.)

<= MomicProcess == <= AtomicProcess ==

Action_12 Action_13
<= Repeat-While == << Repeat-Until >>
whileConditionName untilC onditionMame
® ®
(a) Repeat-While (b) Repeat-Until

Figure 7: UML Activity Diagram Patterns of OWL-S Constructs (cont.)



|Tag Definition |Tagged Value Syntax (pseudo-BNF)

hasPrecondition |<precondition-name>:<ocl-expression> | <precondition-name>

hasDataFrom <input-name>,<var-name>,<process-name> | <input-name>,<data-value>

hasLocal <local-name>,<parameter-type>

hasResult <result-name>

inCondition <result-name>,<condition-name>:<ocl-expressions> | <result-name>,<condition-name>
hasResultVar <result-name>,<result-var-name>,<parameter-type>

withOutput <result-name>,<output-name>,<var-name>,<process-name> | <output-name>,<data-value>
producedQutput [<output-names,<var-name>,<process-names | <output-name>,<data-value>

hasEffect <result-name>,<effect-name>:<ocl-expression> | <result-name>,<effect-name>

where(data-valug := ’string’ | number
Table 2: OCL Tagged Value Syntax

dividual has a particular data value. The data value can be onewhich compares book prices. The process class also contains three
of the following: an OCL number, an OCL string or the name of operations that are stereotyped using{ffgomicProcesp stereo-

a variable. Built-in atoms are used to provide access to built-in type. These operations represent the atomic processes used in the
functionality such as math functions, string functions, and com- composition to find book information and prices. Finally, the pro-
parison operators. Our transformation system provides support for cess class contains two operations which are stereotyped using the

the following comparison operatorsgual notEqual greaterThan ((Producg) stereotype. This stereotype is used to mark an opera-
lessThangreaterThanOrEqualandlessThanOrEqual The OCL tion as being a pseudo-step in the composition that is used to bind
syntax for the various types of atoms used in a SWRL expression output parameters. In this example, outputs of the comparison pro-
is shown in Table 3. cess are conditionally bound to the main process uBirguce
Multiple atoms can be conjuncted together to form an atom list. constructs. The UML Packages seen in the Figure 8 are used to
The atom list can be represented in OCL usingdhd keyword. refer to thePrice and Book classes which are located in external
For example, consider the expressimonditionl and condition2 ontologies.
and condition3wherecondition1, condition2andcondition3can The example contains three conditions: two preconditidmse-

be any of the atom types listed in Table 3. The transformation tok- zonPriceAmountConditioandBNPriceAmountConditigrand the
enizes the OCL expression usiagdas the delimiter and generates  condition used in aff-Then-Elseconstruct ComparePricesCondi-

the corresponding SWRL in RDF/XML concrete syntax. tion). All three conditions are used in tt@omparePricesProcess
. composite process model. The OCL expressions used to represent
3.6 Execution these conditions are shown in Table 4. The OCL conditions were

Currently we are using the OWL-S AP [15] to execute services. added to the UML model as tagged values using the syntax de-
Once the ungrounded specification has been generated from thescribed in Section 3. The OCL was then parsed and transformed
specification tool, a grounding is created by the developer using ipto SWRL expressions which were inserted into the transforma-
our grounding tool [17]. The grounded specification is then loaded tion output.
into our execution tool which uses the OWL-S API to execute the ~ The OWL-S API [15] was used to validate the generated spec-
service. The GUI of the execution tool monitors the execution and ification. The OWL-S APl is a Java API for creating, validating,
displays real-time feedback to the user. and executing OWL-S specifications. The specification generated

by our transformation system was loaded into the OWL-S validator
which validated that the OWL ontology was consistent and that the
4. EXAMPLE OWL-S specification was valid.

In this section, we use the FindCheaperBook example [18] to

demonstrate the composite process specification approach for OWL-

S. FindCheaperBook is a composite service for finding the cheaper+- RELATED WORK

of two books returned by two different atomic services. The ser-  The Business Process Execution Language for Web Services (
vice is composed of BookFinderProcess, an atomic process that acBPEL4WS) [3] is an XML-based language for specifying web ser-
cepts a book name as input and returns information about that book.vice compositions. BPEL4WS does not have the capabilities of
AmazonPriceProcess is an atomic process that accepts book inforlanguages such as OWL-S in that it does not support reasoning or
mation as input and returns a price. BNPriceProcess is an atomicprecondition/postcondition evaluation. Conditions within control
process that accepts book information as input and returns a price.constructs in BPEL4WS are evaluated simply based on the struc-
ComparePricesProcess is a composite process that compares theire and value of XML content defined for the input and output
two prices and returns the lower price and the name of the book- messages of a service. BPEL4AWS also does not support the evalu-
store that it came from (e.g. Amazon [19] or Barnes & Noble [20]). ation of pre and post conditions.

The OWL-SSplit-JoinandIf-Then-Elseconstructs are used in this Radiant for Eclipse [21] is a tool for annotating WSDL docu-
example. The UML model used to represent the FindCheaperBook ments with semantic data using a reverse engineering approach.
example contains a class diagram shown in Figure 8 and two ac-The approach is considered bottom-up because it starts with an ex-
tivity diagrams shown in Figure 9. The class diagram contains isting description at a lower level of abstraction and extends it to
four classesFindCheaperBookServic&indCheaperBookProfile support semantic data which is at a higher level of abstraction. Ra-
FindCheaperBookProcesandFindCheaperBookGroundingrhe diant supports the use of WSDL-S, an extension to WSDL. WSDL-
FindCheaperBookProcesdass contains two operations that are Sitselfis in its infancy. However, the many tools that currently sup-
stereotyped using thg CompositeProcegsstereotype. Theind- port WSDL may be easily updated to support WSDL-S. Our work
CheaperBookProcessperation is used to represent the entire pro- focuses on forward engineering of semantic web services started
cess. Th&€omparePricesProcesspresents the composite process at a high level of abstraction and eventually grounding the service



SWRL Atom Type OCL Syntax Example

Class Atom instance.ocllsType(class) aCustomer.ocllsType(Person)

Individual Property Atom instance.property = instance |aPerson.hasFather = aFather

Datavalued Property Atom |instance.property = 'string' aPerson.hasPhoneNumber = '555-1234'

Builtin Atom (lessThan) vari < var2 CP_BNPriceAmount < CP_ AmazonPriceAmount

Table 3: SWRL Atoms and OCL Syntax Mappings

<<owl:Ontology>> <<owl:Ontology>>
concepts bibtex
<<owl:Class>> <<owl:Class>>
Price 5 Book
<<Service>> 7
(fron concepts) FindCheaperBookService (fron bibtex)
<<presents>> <<supports>>
<<describedBy>> >—
<<Profile>> <<Grounding>>
FindCheaperBookProfile FindCheaperBookGrounding
<<CompositeProcess>>
FindCheaperBookProcess
<<CompositeProcess>>

FindCheaperBookProcess(BookName:xsd:string,BookPrice:Price,
Bookstore:xsd:string)

<<AtomicProcess>> BookFinderProcess(BF_BookName:xsd:string,BookInfo:Book)
<<AtomicProcess>> AmazonPriceProcess(Amazoninfo:Book,AmazonPrice:Price)
<<AtomicProcess>> BNPriceProcess(BNInfo:Book,BNPrice:Price)
<<CompositeProcess>>
ComparePricesProcess(CP_AmazonPrice:Price,CP_BNPrice:Price,
CP_OutputPrice:Price,CP_Bookstore:xsd:string)

<<Produce>> ProduceAmazonPrice(CP_OutputPrice:Price,CP_Bookstore:xsd:string)
<<Produce>> ProduceBNPrice(CP_OutputPrice:Price,CP_Bookstore:xsd:string)

Figure 8: UML class diagram for example

to concrete service implementations. Another difference is in the values on UML class diagrams for data binding and UML activity
support of web service compositions. WSDL-S does not support diagrams to represent control flow for composite processes. Taking
compositions, whereas our approach supports composition throughthese diagrams, we generate the OWL-S specification.

UML activity diagrams and ultimately, an OWL-S specification
containing composite processes.

The OWL-S editor is a plug-in for the P&gé development en- 6. CONCLUSIONS AND FUTURE WORK
vironment that allows users to develop instances of the OWL-S on-  Semantic Web Services can potentially change the way software
tology for services in a graphical manner [22]. The OWL-S Editor is both developed and used. In order to realize that great promise,
supports composition through the use of a visual editor. The editor the software development community must embrace the technol-
is centered on the OWL-S language and therefore, all compositionsogy. The barriers to adoption must be bridged in a manner that
are built using OWL-S control constructs. Our tools work with leverages the capabilities of developers. We have been develop-
standard UML modeling tools. Services can thus be developed us-ing an MDA-based approach for facilitating such adoption by us-
ing the standard visual notation provided by UML. ing UML to specify web-based applications and transformations to

WSMO Studio for Eclipse is a WSMO-compliant editor for mod-  achieve synthesis of semantic web services. Our previous investi-
eling semantic web services [23]. WSMO Studio supports roundtrip gations into the specification of atomic processes as well as OWL-
engineering of WSMO descriptions as well as composition through S groundings [17] coupled with the work described in this paper
a choreography editor. WSMO Studio differs from our work in that provides movement towards a usable framework for semantic web
in that it is based around WSMO as the ontology for describing ser- services. In future work we continue to develop the framework
vices. We have, instead, chosen OWL-S for our ontology. Becausein such a way that it more adequately hides the details of seman-
our approach does not depend on a particular ontology language tic web service technologies and allows the developer to focus on
we could develop transformations which convert UML models to creating models of semantic web service compositions. In addi-
WSMO based descriptions. tion, to supporting the specification task, we are actively pursuing

Grgnmo et al. have developed an approach for performing trans-the development of an end-to-end execution environment that will
formations from OWL-S specifications to UML activity diagrams  allow developers to specify, generate, and execute web-based ap-
[24]. In their work, they demonstrate how the specifications of the plications based on the use of semantic web services.
ExpressCongoBuy and FullCongoBuy examples from DAML [4]
can be manually converted to UML activity diagrams utilizing in-
put/ output pins and object flow features to model inputs, outputs, 7. REFERENCES
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OCL Condition Name OCL Condition
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Table 4: OCL conditions used in example
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