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Abstract Based on ontologies, semantic Web services enable the discovery, selection, and
composition. OWL-S is a de facto standard ontology for describing semantics of Web services. Due
to the difficulty of the OWL-S grammar, the learning curve for constructing OWL-S description
manually can be steep. This paper presents an efficient method for generating OWL-S descriptions
from UML diagrams, which are widely used for software design and development. The proposed
method is based on UML profiles to generate an OWL-S ontology from sequence or activity diagrams,
which represent the behavior of a business process. Specifically, an XMI file extracted from UML
diagrams is transformed into an OWL-S description via an XSLT script. Experimental results with
a large volume of UML diagrams show that the proposed method deals with the control flow of
complex processes and is superior to previous methods.
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<<Repeat-While>> ]

Action_4

2% 7 Repeat-While
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UML XMI OWL-S
Action <UML2: Activity> Process
pin <UMLZ:InputPin> Input
pin <UML2:QutputPin> Output
pin to pin <UML2: ActivityEdge> {In|Out}put Binding
<UML:TaggedValue>
T \Y \
agged Value <UML:Stereotype name='categoryName’> categoryName
<UML:TaggedValue>
Tagged Val E
agged Value <UML:Stereotype name='taxonomy’> axonomy
<UML:TaggedValue> .
T
agged Value <UML:Stereotype name='serviceName’> serviceNasme
<UML:TaggedValue> e
Tagged V - textD t
ase alue <UML:Stereotype name='textDescription’> extescription
. <UML:Constraint> .
Pr
constraints <UML:Stereotype name="preCondition’> econdition
<UML:Constraint>
trai R
constraints <UML:Stereotype name='Result’> esult
Note <UML:Comment> Effect
Sequence <UML2:ActivityEdge> Sequence
Fork <UML2:ForkNode> Split
. <UML2:ForkNode> . .
Fork+Join <UML2: JoinNode> Split+Join
Decision <UML2:DecisionNode> Choice
<UML:Stereotype name='Choice’>
. <UML2:DecisionNode>
Decision <UML:Stereotype name='If-Then-Else’> If-Then-Else
L. <UML2:DecisionNode> .
D =
ecision <UML:Stereotype name='Repeat-Until’> Repeat-Until
.. <UML2:DecisionNode>
D ) Whi
ecision <UML:Stereotype name='Repeat-While'> Repeat-While
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. Sequence
Banling zum} If-Then-Else
Sequence
BuySoda zum Ii-Then-Else
Sequence
GuaranteeReservation.zuml If-Then-Else
Repeat-While
&3
MemberManager.zuml Sequence
ttolol2a
Order.zuml Sequence
. Sequence
RefundMembershipfee.zuml f-Then-Else
Sequence
BuySoda2.zuml Split + Join
Conditional.zuml Seque.ence
Choice
Sequence
BusinessModeling.zuml Choice
Split + Join
Sequence
Engagement.zuml Choice
If-Then-Else
Sequence
MatchJourney.zuml If-Then-Else
Repeat-While
. Sequence
Membership.zuml Repeat-Until
Sequence
X Choice
PlanTrip.zumi If-Then-Else
Repeat-While
Sequence
4% ProcessSale.zuml Ii-Then-Else
Grelelad Sequence
Product.zuml .
Choice
Serving.zuml Se.quence
Split + Join
Sequence
Word zuml If-Then-Else
Sequence
Congobuy.zuml Choice
If-Then-Else
Bravoair.zuml Sequence
If-Then-Else
BookPrice.zuml Sequence
‘ FrenchDictionary.zuml Sequence
‘ Sequence
FindCheaperBook.zuml If-Then-Else
Split + Join

% Aguole} : hitp://icl.yonsei.ac.kr/mda/testdata
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od: GuaranteeReservation )
T 7 7
' ‘ '
! _requestReservationConfirm _ | '
. ) ;
' ' i
' ' '
2 1 s
loop(1.3) , H
[status=BAD]! JnputChargelnfo 3 |
' .chargelnfo H H
l = '
1 4 -pleaseValidate '
'

1 ' '
H :/ trensactionR esult H
: ; '
v 0 s
v s ‘
' s '
' '
H '
‘ ' 1
‘ . '
akt H B
: reservationNum :
i '
] ¢

i

-

)
p — '
v 1 1
. ¢ '
' ' '

¥ 9 £3 t}o)o] 13 (GuaranteeReservation.zuml) 2| o

:Ce i rdf:1D= ionProcess™>
<process:composedor>
<process:Sequence>
<process:components>

<process:ControiConstructList>
<list:first>
rdf:10="Reql
seq ionConfim'/>
</orocess:Pertorm>
<list:first>
<listrost>
<process:ControiConstructList>
<list:first>

<process:Repeat-While>
<process:whileCondition>
<expr:Condition r¢f:D="RAW_Condition">
anguage “#SWAL' />

</expr:Condition>
</procass:whileCondition>
<process:whileProcess>
<process:Saguence>
<process:components>
<process:ControlConstructList>

<list:first>
torm rdf:10="inputCl ‘erform®>
“inputCl >
</process:Perform>
</list:first>
<listrest>
<process:CentrolConstructList>
<Hist:first>
< 1af:10: >

<procass:process rdf:resource='chargeinfo’/>
</process:Pertorm>
Hirst>

</process:ControlConstructList>
</listrest>
</process:ControlConstructtist>
</process:components>
</pracess:Sequence>
</orocess:whileProcess>
</process:Repeat-While>
<{list:tirst>
<list:rost>
<process:ControlConstruettist>
<lis st rdf:resource="#l{-Then-Else_35'/>
<list:rast rdf:resource="#nil"/>
</pracess:ControlConstructList>
<fiistrest>
</process:ControlConstructList>
<flistrest>
</procass:ControlConstructlist>
</processicomponents>
</process:Sequence>
</process:composedOf>
</process:CompositeProcess>

{a) OWL-S 2EEA

<xsl:template match="UML2:Interaction.fragment">

<i§il};oply-tamniales select=".../Interaction.fragment"/>

Jxsl:
match="UML2:I >
<xslvariable name="controt">
<xsl:value-of select="UML2:Interaction.fragment
JUML2:C o : ionOperator'/>
</xshvariable>
<xsl:choose>
<xsl:when test="$control="loop"*>
<process:Repeat-White>
<xslivariable name="constraint">
<xslvalue~of select="UML2:CombinedFragment/
UML:ModelElement.constraint/
UML:Constraint/@xmi.idref*/>
</xsl:variabje>
<xskvariable name="constrain{_body">
<xstvalue-of select="UML:Constraint[@xmi.id=
$constraint]/UML:Constraint.body/
UML:BooteanExpression/@body*/>

<Ixshvariable>
<pracess:whilsCondition>
<expr:SWRL-Condition>
<expr:expressionBody rdf:parseType="Literal">
<swrl:AtomList>
<ref:first>

<fswrl:AtomList>
<fexpriexpression8ody>
</expr:SWRL-Condition>
<fprocess:whileCondition>
<fxsh:when>
<xsliwhen test="$control='par'>
</xsl:when>
<xst:when test="Scontrol="ait"">

</xsl:when>
</xst:choose>
</xsl:tempiate>

<xsktemplate match="text(}{@+">
</xsl:temptate>

(b) XSLT Z=33E

a8 10 1Y 9252E AAHE OWL-S LEEA ¢} o] 9% XSLT AAYE
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compositeProcess 2 2
atomicProcess 7 7
hasInput 10 10
hasOutput 13 13
hasPrecondion 2 2
inputBinding 7 7
outputBinding 4 4
hasResult 1 1
Sequence 3 6
If-Then-Else 1 1
Split + Join 1 1
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<process:Split-Join>
<list:first>
<process:Perform rdf:10="Process_1Perform>
<process:process rdf:resource="#Process_1">
</process:process>
</process:Perform>
<flist:first>
<list:rest>
<list:first>
<process:Perform rdf:ID="Process_2Perform>
<process:process rdf:resource="#Process_2">
</process:process>
</process:Perform>
<flist:first>
<list:rest rdf:resource="#nil*/>
<list:rest rdf:resource="#nil"/>
</process:Split-Join>

<process:Split-Join>
<list:tirst>
<process:Sequence>
<list:first>
<process:Perform rdf:|D="Pracess_1Perform>
<process:process rdf:resource="#Process.1">
</process:process>
</process:Perform>
</list:first>
<jist:rest rdf:resource="#nil"/>
</process:Sequence>
<Jlist:first>
<list:rest>
<fist:first>
<process:Sequence>
<list:first>
<process:Perform rdf:ID="Process_2Perform>
<process:process rdf:resource="#Process_2">
</process:process>
</process:Perform>
<flist:first>
<list:rest rdf:resource="#nil"/>
</process:Sequance>
<Jlist:first>
<list:rest rdf:resource="#nil"/>
</list:rest>
</process:Split-Join>

29 13 AEZHY Es AL e o83 HHE OWL-S9] 7323 zolol the o
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atomicProcess

compositeProcess

sequence

if-then-else

choice

any-order

split
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repeat-until

repeat-while

input

output

preCondition

effect

{inJout}put_binding

parameterType
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