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Abstract. Productconfigurationis a major commercialapplica-
tion of knowledge-basedsystems,andjoint configurationby multiple
businesspartnersis becomingakey applicationin today’shighly spe-
cializedeconomy. The requiredintegrationof configurationknowl-
edgeis a challengingtaskdueto thevarietyof knowledgerepresen-
tation formalismsusedin commercialconfigurators.Ontologylan-
guagessuchasDAML+OIL provideaninfrastructurefor theSeman-
tic Webwith thegoalof intelligentinformationintegration.Theaim
of thispaperis to show theapplicabilityof suchlanguagesfor build-
ing configurationknowledgebases.Wejoin thetwo majorstreamsin
knowledge-basedconfiguration(descriptionlogicson onehandand
predicatelogic, including constraint-basedand resource-balancing
techniqueson the other)by giving a descriptionlogic baseddefini-
tion of aconfigurationtaskandshowing its equivalencewith existing
consistency-baseddefinitions.Weshow thatSemanticWebontology
languagescanbe appliedto configurationby formalizing language
elementsrelevant for building configurationknowledgebasesand
discussextensionsneededin orderto provide full fledgedconfigu-
ration knowledgerepresentation.The result is a commonbasisfor
currentconfigurationapproacheson theSemanticWebthatis neces-
saryfor theprovision of joint configurationservices.

1 Intr oduction

Knowledge-basedconfigurationhasa long history as a successful
AI applicationarea(e.g.,[3, 10,12,13,15,19]). Startingwith rule-
basedsystemssuchasR1/XCON[3], varioushigherlevel represen-
tationformalismsweredevelopedto exploit theadvantagesof more
conciserepresentation,fasterapplicationdevelopment,highermain-
tainability andmoreflexible reasoning.Although theserepresenta-
tions have proven their applicability in variousreal world applica-
tions, the heterogeneityof configurationknowledgerepresentation
is the major obstacleto incorporatingconfigurationtechnologyin
eCommerceenvironments.Thetrendtowardshighly specializedso-
lution providersresultsin asituationwheredifferentconfiguratorsof
complex productsandservicesmustbe integratedin orderto trans-
parentlysupportdistributedconfigurationproblemsolving.

For this integration,configuratorsmusthave a clearcommonun-
derstandingof the problemdefinition and the semanticsof the ex-
changedknowledge.Consequently, it is necessaryto agreeon the
definition of a configurationproblemand its solution. Of the two
currentmainstreamsin representingandsolvingconfigurationprob-�
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lems,thefirst approachis basedonpredicatelogic or varioussimpli-
fiedvariantsthereof,specificallyconstraint-basedsystems(including
theirdynamicandgenerativevariants,e.g.,[10, 13,14]) andresource
balancingmethods(e.g.,[12]). Thesecondapproachusesdescription
logicsasknowledgerepresentationandreasoningmechanism(e.g.,
[19]). Clearly, anintegrationof theseapproachesisamajormilestone
for configuratorintegration.

A solution for the exchangeof knowledge is the provision of
a standardizedconfiguration knowledge representationlanguage
which is basedon state-of-the-artWeb technologiesallowing easy
integrationof existing proprietaryconfigurationenvironments.On-
tologyrepresentationlanguagessuchasOIL [9] or DAML+OIL [18]
developedin thecontext of theSemanticWeb[4] arewell suitedfor
designingandsharingontologies.Theselanguagesarestrongly in-
fluencedby descriptionlogicsandthereforepossesscleardeclarative
semantics,providing oneimportantpreconditionfor theexchangeof
knowledge.Nonetheless,their rootsin descriptionlogics reinforces
theneedfor thedefinitionof acommonview of aconfigurationtask,
sothatpredicatelogic basedrepresentationscanbemappedto them.

Thepracticalconsequenceof a commonlyacceptedproblemdef-
inition andknowledgesemanticsin joint provisioningof configura-
tion servicesis a well definedinterfacebetweenconfiguratorimple-
mentations.Proprietaryconfigurationsystemscanbe independently
implementedfollowing differentapproachesandarestill ableto in-
teroperate.We only require that cooperatingconfiguratorsdeliver
valid solutionsw.r.t. thecommondefinitionof theproblem,thesolu-
tion, andthesemanticsof theexchangedknowledge.

In this paperwe give a descriptionlogics baseddefinition of a
configurationtaskandshow the equivalenceof this definition with
a consistency-baseddefinitiongiven in [8] - themajor resultof this
equivalenceis that configurationtasksdefinedin termsof descrip-
tion logics andpredicatelogic caneasilybe transformedinto each
other and consequentlybe representedin ontology representation
languagessuchasDAML+OIL. Usingconceptsof OIL3, wepresent
the constitutingelementsof a configurationknowledgerepresenta-
tion languageby formalizing modelingconceptsof de facto stan-
dardconfigurationontologies[7, 17] employed in industrial appli-
cations4. In addition,we point out extensionsneededto apply OIL
andDAML+OIL for full fledgedconfigurationknowledgerepresen-
tation.As a result,we provide a commonbasisfor knowledgerep-
resentationin configurationproblemsolving,thusenhancingtheap-
plicability of configurationtechnologyto Web-basedenvironments.

Therestof thepaperis organizedasfollows.In Section2 weintro-

�
For presentationpurposeswe employ OIL text - this representationcan
easilybetransformedinto acorrespondingDAML+OIL representation.�
Note that thesediffer somewhat from the configurationontologythatwas
describedfor demonstrationpurposesin [11].
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duceanexamplethatprovidesanoverview of themodelingconcepts
requiredfor building configurationknowledgebases.In Section3 we
give a descriptionlogicsbaseddefinitionof a configurationtaskand
show its equivalenceto theconsistency-baseddefinitiongivenin [8].
In Section4 wedescribeanOIL-basedformalizationof themodeling
conceptspresentedin Section2 andsummarizetheresults.Section5
closeswith conclusions.

2 Configuration domain specificmodelingconcepts

In the following we discussa set of relevant modeling concepts
for building configurationknowledgebases.Theseconceptsareex-
tractedfrom the configurationontologiesdefinedin [7, 17]. Figure
1 shows thesimplifiedstructureof a configurableComputersystem
which is composedof thefollowing representationconcepts.

Componenttypesrepresentthe parts,a final productis built of -
they arecharacterizedby attributes(e.g.,the componenttype CPU
is characterizedby theattributeclockrate). Componenttypeswith a
similar structurearearrangedin a generalizationhierarchyandrep-
resentchoicesfor the configurableproduct (e.g., in the final con-
figuration an instanceof CPU can be either a CPU1 or a CPU2).
Part-wholerelationshipscanbeconsideredasbill-of-materialrepre-
sentationssemanticallyenrichedwith multiplicities, statinga range
of how many subpartsanaggregatecanconsistof (e.g.,a MB must
containat leastoneCPU andat mosttwo CPUs). In additionto the
numberandtypesof differentcomponents,theproducttopologymay
beimportantin afinal configurationaswell, i.e.,how thecomponents
areinterconnectedto eachother(e.g.,whichvideoportis usedin the
configurationto connecttheVideocard with theScreen).

Additionally, a setof constraintsspecifiesallowed combinations
of component-andattributesettingsin thefinal configuration.Some
componenttypescannotbeusedin thesamefinal configuration(they
areincompatible). E.g.,we canimposetheconstrainton theproduct
structureof Figure 1 that a CPU1 is incompatiblewith a mother-
boardMB2. In somecases,theexistenceof acomponentof acertain
type requires the existenceof an instanceof anotherspecifictype.
Regardingtheproductstructureof Figure1, we canimposethecon-
straintthattheexistenceof a CPU2requirestheexistenceof a MB2.
Finally, partsof a configurationproblemcanbe interpretedasa re-
sourcebalancingtask,wheresomeof thecomponentsareproducers
andothersareconsumers. In thefinal configuration,consumersand
producersmustbebalancedw.r.t. someresourcebalancingcriteria-
e.g.,the amountof installedhard-diskcapacityis the upperbound
for thecapacityrequirementsof the installedsoftware.In Section4
we will show how to representtheseconceptsin extendedOIL [9].

3 Defining configuration tasks

For the descriptionof a configurationtask we employ a descrip-
tion logic language(e.g., OIL) starting from a schema ���	�

���������������

of disjoint setsof namesfor concepts,roles,and
individuals [5]. Conceptscan be seenasunarypredicatesdefining
classes(componenttypes).Rolesare usedto expressrelationships
betweendifferentelementsof a domain.Finally, individualsarespe-
cific namedelementsof thedomain5.

Definition 1 (Configuration problem in description logic): In
general weassumea configuration problemis describedby a triple	���������� �! "� �����$#&%�')(+*"���,� . ������� representsthe domain-

In thefollowing we assumethatthereaderis familiar with theconceptsof
OIL. See[9] for anintroductorytext.
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Figure1. Exampleconfigurationmodel

descriptionof the configurable product and �! "� ��� specifiesthe
particular systemrequirementsdefining an individual configura-
tion problem instance.

#&%�')(+* ���
comprisesa set of concepts#/.1032547698;:<

�

anda setof roles  .10=2>47698�:?��� which serveasa
configuration language for the descriptionof actual configurations
(solutions).A configuration knowledge base @+A ��� � ��������B
�! "� ��� is constitutedof sentencesin a descriptionlanguage. C

In thefollowing we will definea solutionof a configurationprob-
lem basedon the interpretationof conceptsand roles. In addition
we requirethat roles in

#&%�')(+*"���
aredefinedover the domains

given in
#/.D0325476E8

, i.e., we add for each  6<F  .10=2>47698 the role
descriptionsGIHKJML
N 	  6 � � #&��OQP

and R OQPS	  6 � � #&��OQP
for#&��OQP�T�VUXWZY�[5W]\1^1_5` Yba # 6 to the knowledgebase@+A �c� if such

descriptionsare not subsumedby other descriptionsalreadycon-
tainedin theknowledgebase.

Example 1: In this examplewe usea part of our Computeron-
tology (seeFigure1) that comprisesCPUsandMBs. On eachMB
at leastonebut at mosttwo CPUsarepluggedin (constraintd � ). A
CPU mustalwaysbe mountedon a MB (constraintd � ). A CPU of
typeCPU2mustbemountedon a MB of typeMB2 (constraintd � ).
Thedomaindescription

�������
={

class-defefA subclass-of( egA�h or efA;i )
slot-constraintcpu-of-mbmin-cardinality1

#&jlk
slot-constraintcpu-of-mbmax-cardinality2

#&jlk
. [ d � ]

class-defefAmh subclass-ofefA .
class-defefAni subclass-ofefA .
disjoint egA�h$efAni .
class-def

#&jlk
subclass-of(

#&jlk h or
#&jlk i )

slot-constraintmb-of-cpucardinality1 egA . [ d � ]
class-def

#&jlk h subclass-of
#&jlk

.
class-def

#&jlk i subclass-of
#&jlk

slot-constraintmb-of-cpucardinality1 egA;i . [ d � ]
disjoint

#&jlk h #&jlk i .
disjoint

#&jlk egA .
slot-defmb-of-cpu

inversecpu-of-mbdomain
#&jlk

rangeegA .
slot-defcpu-of-mb

inversemb-of-cpudomain efA range
#&jlk

.} C
Thecustomerrequirement“two CPUsof typeCPU1andoneCPU

of typeCPU2” is expressedby �! "� ��� ��o (instance-ofc1CPU1),
(instance-ofc2 CPU1),(instance-ofc3 CPU2) p . Theconfiguration
language

#&%c'q(+* �c�
is definedby

#/.10=2>47698 �ro #&jlk h �Z#&jlk i �efA�h � efAni>p and  .10=2>47698 ��o mb-of-cpup .
In ourexamplewedonotincludetheconcepts

#&jlk
and efA and

therolecpu-of-mbin
#&%c'q(+* ���

sinceweareonly interestedin the
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leaf conceptsof a generalizationhierarchyandspecificrelationships
(e.g.,to manufacturethefinal systemweonly needto know themost
specifictypefor eachcomponentandits connections).

Thesemanticsof descriptiontermsareusuallygiven denotation-
ally usingan interpretation

� �tsvulw �x	zy � w]{ , where ulw is a domain
(non-emptyuniverse)of values,and

	zy � w amappingfrom conceptde-
scriptionsto subsetsof thedomain,andfrom roledescriptionsto sets
of 2-tuplesover thedomain.Themappingalsoassociateswith every
individual namein

�|�
somedistinct value in u�w . The reasonfor

this distinctnessis the uniquenameassumption(UNA) we employ
in our formalism.We requiretheUNA for conceptsandroleswhich
describeconfigurationsin orderto makesurethatdifferentidentifiers
for individuals(e.g.,modulesof asystem)referto differentindividu-
als.ThisUNA canbelifted if necessaryfor conceptsandroleswhich
arenotusedto describeconfigurations.In thefollowingwegiveade-
scriptionlogic baseddefinitionof a configurationproblemandshow
its equivalencewith consistency-baseddefinitionsgivenin thelitera-
ture[8]. This definitionservesasa joint foundationof configuration
knowledgerepresentationin theSemanticWeb.

Definition 2 (Valid configuration in description logic): Let
� �svu w �7	zy � w { be a modelof a configuration knowledge base @+A �c� ,#&%c'q(+* ��� � #/.1032547698qB  .10=2>47698 a configuration language, and#&}"(�~ ��� �����c�X��� Bn� ������� a descriptionof a configuration.���c�X��� is a setof tuples s # 6 �=�����)�
� �/�I�v{ for every

# 6 F #/.10=2>47698
,

where
���q�q�
� � �Q� ��oxd=� � � T7T�T � d=� 2 Y p�� # w6 is the setof individu-

als of concept
# 6

. Theseindividuals identify componentsin an ac-
tual configuration.

� ������� is a set of tuples s� �� ���&� �c�����!�>��{
for every  /� F  .D0325476E8 where

�&� ���������I����o�s�G�  � �3¡   � { � T�T�T �s�G� 7¢/£ �3¡  7¢/£I{¤p?�¥ w� is the set of tuplesof role  � definingthe
relationof componentsin anactualconfiguration. C

Example 2: A valid configuration for our example knowl-
edge base is

#&}"(�~!���
= oKs #&jlk h � oxdIh � d7i>pI{ � s #&jlk i � o7d�¦�pQ{ �svegA�h � o P hxpI{ � svefAni � o P i5pI{ � s mb-of-cpu

� o�s�dIh �¤P hx{ � s�d7i �zP hx{s�d�¦ �¤P i>{¤pQ{¤p . C
We alsohave to describecomponentparametersettingsin addi-

tion to componentsandtheir connections.Usingdescriptionlogics,
parametersettingsof componentsaremodeledby specialfunctional
roles(alsocalledfeatures) expressingtherelationbetweenthecom-
ponentandthe datavalueassignedto a particularattribute.There-
fore, componentstructureandparametersettingscanbetreatedin a
uniform mannerexcept that the parametervaluescomefrom some
datavalue domain R OIP§	��m� [16] disjunct from the individuals in#&} e j � .

In additionto thedefinitionof a valid configurationgivenabove,
wecanprovideanequivalentcharacterizationbasedoncheckingthe
consistency of a setof axioms.

Remark 1: Let @+A ��� be a configuration knowledge base,#&%c'q(+* ��� � #/.D032>4x6E8"B  .10=2>47698 a configurationlanguage,and#&}"(�~ ��� �����c�X��� BX� ������� a descriptionof aconfiguration.
The concepts

# 6
are defined by the component axioms'q¨ W�©«ª;¬�­ �

o # 6 T� one-of® d�� � � T�T�T � d=� 2 Yz¯1° s # 6 �=�����)�
� �/�I�v{ F ���c�±��� where���q�q�
� � �Q� �go
²�³�´ � T�T�T � ²�³¶µ � pIp T
Theroles  � aredefinedby therole axioms

'q¨�· © �
¸ ­ �
ox � T� ¹º9» �=¼ ½��=¾ [,¿ZÀQÁ>ÂIÃ5Ä5Å � product® one-of® G�  ¯ � one-of® ¡   ¯E¯D°

s� � ���&� �c����� �I� { F � ������� with

�&� ���������I����o�szÆbÇ ´ ��È Ç ´ { � T�T�T � szÆ¶Ç3ÉZ� ��È Ç3É]�3{¤p>p T
#&}"(�~ ���

is a valid configurationiff @+A ��� BÊ'q¨ W�©�ªn¬|­ B'�¨�· © �
¸ ­ is satisfiable.C
Notethatwe usetheabove notationfor definingthecompleteex-

tensionof roles in order to apply the translationfunction from de-
scriptionlogicsto predicatelogic definedin [5]. An alternativeto the
productconstructorwould bea constructorthat(in a similar manner
to the one-of constructorfor concepts)permitsthe enumerationof
permissibleentriesfor a role. However, the usualcomplexity prob-
lemswith theproductconstructordonotactuallyarisesinceweonly
applyproductto singletonarguments.

Example 3: In order to verify that a given configura-
tion is valid w.r.t. our example @+A ��� , we need to add the
axioms

#&jlk h T� one-of® dIh � d�i ¯ , #&jlk i T� one-of® d�¦ ¯ ,efA�h T� one-of® P h ¯ , efAni T� one-of® P i ¯ , mb-of-cpu
T�

product® one-of® dIh ¯ � one-of® P h ¯E¯,Ë product® one-of® d7i ¯ � one-of® P h ¯E¯�Ë
product® one-of® d�¦ ¯ � one-of® P i ¯E¯ T C

We now give a consistency-baseddefinition of a configuration
problemusingpredicatelogic (thisdefinitioncorrespondsto thedef-
inition given in [8]) andshow the equivalencewith the description
logic baseddefinitiongivenbefore.

Definition 3 (Configuration problem in predicate logic): In
general we assumea configuration problem is describedby a
triple

	����n� ©«Ì � �! "� � ©�Ì �¤#&%c'q(+*"� ©�Ì � where
���n� ©�Ì and�! "� � ©«Ì are logical sentencesand

#&%�')(+* � ©«Ì is a set of
predicatesymbols.

��� � ©�Ì representsthe domaindescriptionand�! "� � ©«Ì specifiesthe particular systemrequirements.A configu-
ration

#&}"(X~!� ©�Ì is describedby a setof positivegroundliterals
whosepredicatesymbolsare in thesetof

#&%c'q(+* � ©�Ì . C
Example4: For ourexample,

��� � ©�Ì canbeexpressedby using
monadicanddyadicpredicatesandnumericalquantifiers,i.e.,����� ©«Ì ��oÍ ¨ÏÎ egA 	�¨Ð��Ñ efAmh 	�¨Ð��Ò egA;i 	�¨+� TÍ ¨ÏÎ5Ó egA�h 	�¨Ð��Ò�Ó egA;i 	�¨+� TÍ ¨ÏÎ egA 	�¨Ð��ÔÖÕ � ��× Î mb-of-cpu

	�¨�� × � TÍ ¨ÏÎ5#&jlk;	�¨Ð��ÑÖ#&jlk h 	�¨+��ÒX#&jlk i 	�¨Ð� TÍ ¨ÏÎ5Ó�#&jlk h 	�¨Ð��Ò�Ó�#&jlk i 	�¨Ð� TÍ ¨ÏÎ5#&jlk;	�¨Ð��ÔÖÕ �� × Î mb-of-cpu
	 × ��¨Ð� TÍ ¨ÏÎ5#&jlk i 	�¨Ð��ÔÖÕ �� × Î mb-of-cpu
	 × �D¨Ð��Ø egA;i 	 × � TÍ ¨ÏÎIÓ efA 	�¨Ð��Ò+Ó�#&jlk;	�¨+� .Í ¨�� × Î mb-of-cpu

	�¨�� × ��Ñ cpu-of-mb
	 × ��¨Ð� .Í ¨�� × Î mb-of-cpu

	�¨�� × ��ÔÙPXÚI	�¨Ð�|Ø dDÛZÜ 	 × � p .�! "� � ©«Ì �go #&jlk h 	 dQh � T #&jlk h 	 d�i � T #&jlk i 	 d�¦ � T p .#&%c'q(+* � ©«Ì �go #&jlk h �=#&jlk i � efA�h �efA;i � mb-of-cpup T C
Definition 4 (Consistent configuration in predicate

logic): Given a configuration problem
	������ ©«Ì , �! "� � ©«Ì ,#&%�')(�* � ©«Ì � , a configuration

#&}"(X~ � ©�Ì is consistent iff��� � ©�Ì B �! "� � ©�Ì B�#&}"(X~ � ©�Ì is satisfiable. C
This definitionallows determiningtheconsistency of partialcon-

figurations,but doesnot guaranteethe completenessof configu-
rations [8]. It is necessarythat a configurationexplicitly includes
all neededcomponents(and their connectionsand attribute val-
ues), in order to assemblea correctly functioning system. We
needto introducean explicit formula for eachpredicatesymbol in#&%�')(�* � ©«Ì to enforceits completenessproperty. In orderto stay
within first order logic, we model the propertyby first order for-
mulae.For our examplewe have to add the completenessaxiomÍ ¨ÝÎ)#&jlk h 	�¨Ð��Þß	1àXá [5W�©�â/ã5ä�å]æ #&jlk h 	�¨Ð� �èç � for the
predicate

#&jlk h and similar axioms for
#&jlk i and mb-of-cpu.
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Notethat
àXá [5W�©«âcã ä�å]æ #&jlk h 	�¨+� �gç servesasa macrowhich

is expandedbasedon the elementsin
#&}"(�~!� ©«Ì . We refer to#&}"(�~ � ©«Ì extendedby completenessaxiomsas é#&}"(X~ LOG.

Example 5:
#&}"(�~!� ©«Ì � o #&jlk h 	 dQh � T #&jlk h 	 d7i � T#&jlk i 	 d�¦ � T egA�h 	�P h � T egA;i 	�P i � T mb-of-cpu

	 dIh �¤P h � T
mb-of-cpu

	 d7i �zP h � T mb-of-cpu
	 d�¦ �¤P i � T p

The completenessaxiom for
#&jlk h is

Í ¨�ÎX#&jlk h 	�¨+�<Þ#&jlk h 	�¨Ð� � #&jlk h 	 dIh �!Ò�#&jlk h 	�¨+� � #&jlk h 	 d7i � , whereun-
satisfiableliteralsaredeleted.C

Definition 5 (Valid configuration in predicate logic): Let	���� � ©«Ì , �� &� � ©«Ì ,
#&%c'q(+* � ©«Ì � be a configuration problem.

A configuration
#&}"(�~!� ©«Ì is valid iff

����� ©«Ì B �� &� � ©«Ì Bé#&}"(�~ LOG is satisfiable. C
Notethat

#&}"(�~ � ©«Ì in Example5 is a valid configuration.
In order to show the equivalenceof valid configurationsfor de-

scription logic and predicatelogic we apply a translationfunctionê s y { thatmapsdescriptionlogics to predicatelogic, i.e., axiomsto
formulaswith no freevariables,conceptsto formulaswith onefree
variableë , androlesto formulaswith two freevariablesë and ì .

Borgida [5] provides sucha translationfunction
ê s y { suchthat

concepts,roles,terms,andaxiomsaretranslatedinto equivalentfor-
mulasin predicatelogic. @+A � ©�Ì � ê s�@+A ��� { where @+A � ©�Ì is
satisfiableiff @+A �c� is satisfiable.

Remark 2 (Equivalenceof configuration problems):
Let

#&%�')(+* � ©«Ì � #&%�')(�* �c�
where eachconceptis in-

terpretedas monadicand eachrole is interpretedas dyadic predi-
cate.

#&}"(�~«� ©«Ì describesthe actualconfigurationby two setsof
facts

#&}"(�~!� ©«Ì � COMP-facts
B

ROLE-facts. Theconstruction
of
#&}"(�~ � ©«Ì is basedon

#&}"(X~ �c� �í���c�X��� B<� �������
where COMP-facts �îo # 6 	 d�� � ° d�� F ���q�q�
� � �Q� � ��ï F �!ðbñ µ1ò5ó p
and ROLE-facts �ôox �� 	 G�  �3¡   � ° s�G�  �=¡  �{ F �&� �c�����!�>� �3��õ F� ð�ñ µ1ò5ó p . ���n� ©«Ì � ê s ���n�c� { , and �! "� � ©�Ì � ê sv�! "� ��� { .#&}"(X~ � ©�Ì is a valid configuration for	���� � ©«Ì � �! "� � ©«Ì �3#&%�')(�* � ©«Ì � iff

#&}"(�~ ���
is a valid

configurationfor
	����n�c��� �! "� �c���3#&%�')(�*"�c�,� . C

Remark2 follows from Remark1 and the equivalenceproperty
of the translationfunction.Note that the completenessaxiomscor-
respondexactly to the translationof the axioms

'�¨ W|©«ªn¬|­ and'q¨ · © �ö¸ ­ by applyingthetranslationfunctionproposedin [5].
Fromtheequivalenceof configurationproblemsfollow two impor-

tantconsequences.First, thetwo mainstreamsin solvingconfigura-
tion problemsbasedon descriptionlogics on theonehandandfirst
orderpredicateor propositionallogic on theotherhandcanbeeas-
ily transformedto eachother. Second,sincedescriptionlogicswith-
out transitiveclosureareequallyexpressive to dyadicpredicatelogic
with atmostthree(counting)quantifiers[5] it follows thatthepredi-
catelogicbasedapproachisstrictly moreexpressivethanthedescrip-
tion logicsbasedapproach,implying thatcertainlogic constructions
have to be simulatedby morecomplex descriptionlogic construc-
tions,andalsothatcertaincomplex structuralrestrictions[6] will not
be expressiblein the languagedirectly but will have to be incorpo-
ratedusingamoreexpressive assertionallanguage.

4 Building configuration knowledgebasesfor the
SemanticWeb

In thefollowing weshow how to representtheconfigurationdomain
specificmodelingconceptsdiscussedin Section2 usingOIL.

Component types. The representationof componenttypes is
straightforward andhasalreadybeenshown in Section3. Compo-

nent typesare transformedinto correspondingconcepts,attributes
into role definitionsconstrainingdatatypeandcardinality(thecardi-
nality of attributerolesis setto 1).Attributesaswell asabstractroles
areinheritedby thedefinedsubconcepts.In mostconfigurationenvi-
ronmentsthesemanticsof a generalizationhierarchyaredisjunctive
(disjoint concept)andcompleteby default (eachinstanceof a super-
typeis alsoaninstanceof exactly oneof its subtypes).

Part-whole relationships. Part-wholerelationshipsplay an im-
portantrole in many applicationdomainshaving quite differentse-
mantics(see[1], [16]). Basically, a part-wholerelationshipcan be
expressedusing the two roles PartOf and HasPart, wherePartOf
is the inverserole of HasPart. In OIL or DAML+OIL we can de-
fine - dependingon theapplicationdomain- differentsemanticsfor
part-wholerelationshipsby imposingrestrictionson theusageof the
correspondingroles.Sattler[16] presentsan extensionof the basic
descriptionlogic ÷lø 
 with conceptsfor adequaterepresentationof
part-wholerelationships- in thiscontext acategorizationof different
facetsof part-wholerelationshipsis given. In our working example
(Figure1) we only allow part-wholerelationshipswherea compo-
nent is part-of exactly one other component(this is also denoted
as exclusive part-wholerelationship).Suchexclusivity restrictions
canbeintroducedby restrictingthecardinalityof thecorresponding
role to 1, e.g.,slot-constraint mb-of-cpucardinality 1 MB, wherethe
role mb-of-cpumustbe interpretedasa subslotof the role PartOf.
Furthermore,restrictionsconcerningthecardinalityof partsmustbe
addedto theconceptdefinitionof thewhole,e.g.,slot-constraint cpu-
of-mbmin-cardinality 1 CPU (max-cardinality 2 CPU).

Port connections.As mentionedabove, certainpredicatelogic
constructsmustbesimulatedby morecomplex descriptionlogic ar-
rangements[5]. In termsof predicatelogic, port connectionscanbe
representedusinga predicateconn(

# � �¤j � �3# � �¤j � ), i.e., component# � is connectedvia port
j � with component

# � via port
j � - e.g.,

conn( ù��vRKN O d�HKGQR]h � ù���RKN O Û O Gxú¤i �¤¡ d=G>NxN7J!h �3¡ d=G>NxN7JKÛ O Gxú�h ) describesa
connectionbetweenù���RKN O Û O Gxú¤i of ù���RKN O d�HKGQR]h and

¡ d=G>NxN7JKÛ O Gxú�h
of
¡ d�GINQN7J!h . In order to representport-basedconnections,we have

to introducea Port concept,which is characterizedby a role indi-
catingtherelatedcomponentconcept(rolecompnt) andarolewhich
indicatestheusedportnameof theconnection(roleportname) - addi-
tionally, a role connindicatestheconnectionto thesecondinvolved
Port concept.Althougha representationof port connectionsis pos-
sible with OIL or DAML+OIL, the original knowledgeof domain
expertsis split into multiple piecesof knowledgewhich arehardfor
thesedomainexpertsto understand.Also, notethat theconnections
via sucha connectionobjectmustbeuniqueandthereforetheroles
must be bidirectionally definedusing the inverse role constructor.
The constraintthat a Videocard mustbe connectedvia ù��vRKN O Û O GQú�i
with a Screenvia

¡ d�GINxNxJKÛ O Gxú�h canbeformulatedas
Example6: Videocard:(slot-constraint videoporthas-value((slot-

constraint portname has-value (one-of videoport2)) and (slot-
constraint conn has-value ((slot-constraint compnt has-value
Screen) and (slot-constraint portnamehas-value(one-of screen-
port1)))))). C

Theconstitutingelementsof suchportconstraintsarenavigations
representingrole compositionsbetweenconnectedconcepts.

Navigation in product structur e. In the following we discussa
setof representative constraintconceptswhich are frequentlyused
in theconfigurationdomain[7, 17]. Theconstraintsconsistof navi-
gationexpressionsover conceptswhich arerepresentedby complex
pathsover abstractroles.

Definition 6 (Navigation expression):Given two concepts
# �

and
# � , a navigationexpressionfrom

# � to
# � is formulatedas a
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sequenceof existentialrolequantifications
(slot-constraint G � has-value(slot-constraint G � has-value... (slot-

constraint G 2 has-value
# � ))),

where < G � , G � , ..., G 2 > denotesa sequenceof rolesalongthenav-
igationpathfrom

# � to
# � ( G � is a roleof

# � and
# � is in therange

of G 2 ). In the following we usethe expressionnavpath(
# � , # � ) as

shorthandnotationfor a navigationpathconceptfrom
# � to

# � . C
Definition 7 (Common root): A concept

# ·
is denotedascom-

monroot of a setof concepts
# �ûo # � � TETET �=# 2 p , if there existsa

navigationpathfromCR to each conceptof C. C
Incompatibilities. An incompatibility constraintbetweencon-

cepts
# � , # � , ...,

# 2
canbeexpressedas

# ·
: not(navpath(

# ·
,
# � )

and navpath(
# ·

,
# � ) ... and navpath(

# ·
,
# 2

)), where
# ·

is the
commonrootof

# � , # � , ...,
# 2

in
��� ���

.
Example 7 (IDEUnit incompatible with MB2): Computer:

not((slot-constraint hdunit-of-computerhas-value IDEUnit) and
(slot-constraint mb-of-computerhas-valueMB2)) C

Requirements.A requiresdependency betweenconcepts
# � and# � (

# � requires
# � ) canbeexpressedas

#�·
: not(navpath(

#�·
,
# � ))

or navpath(
# ·

,
# � ) with thecommonroot

# ·
of
# � , # � in

���n�c�
.

Similar to incompatibilities,requirementscanbeextendedby intro-
ducingfurther navigation pathson the LHS andRHS of a requires
dependency, e.g.

# � Ø+# � requires
# � Ò+# � .

Example 8 (SCSIUnit requires MB1): Computer:((not(slot-
constraint hdunit-of-computer has-value SCSIUnit)) or (slot-
constraint mb-of-computerhas-valueMB1)) C

Resourcebalancing. Resourceconstraintscanbeformulatedus-
ing aggregation functionsasproposedin [2]. We assumethe exis-
tenceof avaluedomainR OIP§	��m� , asetof predicatesymbols

j 6
asso-

ciatedwith binaryrelations(typically ü , ý , =, þ , ÿ ) over R OQPS	��m� ,
and a set of aggregation functions H�L�L 	��m� (typically

¡ Ü P�� HKù5L ,d O Ü]JMú , ��R ; thelastbeingidentity in thecasewherewe want to com-
pareto a singlefixedvalueinsteadof to anaggregate).Concerning
thepathleadingto theconceptwhosefeaturevaluesareaggregated,
the definition of [2] requiresthat all but the last oneof the rolesin
this pathmustbefeatures.

Let < G . � , G .� , ..., G .2�� � , G .2 > and< G � � , G � � , ..., G � ¢ � � , G �¢ > benavi-
gationexpressionswith

#�·
ascommonroot leadingto theconsumer

(producer)concepts
# .

(
# � ). Furthermore,let

� .
,
� � befeaturesof# .

and
# � and � F H�L�L 	��m� be an aggregation function. We can

expressaresourceconstraintas
#�·

:
j�	 G . � G .� ... G .2�� � � 	 G .2�� � . �=� G � �G � � ... G �¢ � � � 	 G � ¢ � � � ��� accordingto [2].

Generally, if two aggregatesarecompared,oneinterpretsthe set
thathasto producea smallervalueasthesetof consumers, andthe
setthathasto producea largervalueasthesetof producers.

Now wecandefineaconceptComputerthatcomesequippedwith
asetof HDUnits thatprovideacorrespondinghard-diskcapacityand
a setof softwarecomponentsthat needhard-diskcapacity. We ex-
presstherequirementthat the total hard-diskcapacityconsumedby
softwarecannotexceedthe installedhard-diskcapacity. In this case
navigation expressionsonly consistof two elements,consequently
hdcapacitymustbea feature,while hdunit-of-computeris a general
role.Thelastline is theactualresourceconstraint.

Example9 ( � swcapacity ý�� hdcapacity):
Software: slot-defswcapacityrange (min 0) propertiesfunctional
HDUnit: slot-defhdcapacityrange (min0) propertiesfunctional
Computer:slot-defhdunit-of-computerrange HDUnit

slot-defsw-of-computerrange Software
lesseq(sum(sw-of-computer

�
swcapacity),

sum(hdunit-of-computer
�
hdcapacity)) C

Analysis. While the basic frame structureand formal basisof

descriptionlogics basedlanguagesmakes them one of the natural
choicefor configurationrepresentation,certaindemandson expres-
sivenessmustbemet.Thecurrentversionsof OIL andDAML+OIL
do not supportaggregationfunctionswhich arefundamentalrepre-
sentationconceptsfrequentlyusedin theconfigurationdomain.Sat-
tler andBaader[2] providedconcretedomainsandaggregationfunc-
tions over them as extensionsto the basicdescriptionlogic ÷lø 
 .
In additionto aggregationfunctions,built-in predicatesmustbe al-
lowed in orderto supportcomparisonson theresultsof aggregation
functionsaswell ason local features.Sincetrivial structuralcondi-
tions lead to definitionaloverhead(e.g.,whendefiningrestrictions
on port connections),additionalconceptsmust be provided allow-
ing thedefinitionof roleswith arity greaterthantwo; thedescription
of morecomplex structuralproperties(see[6]) would besupported
by permittingtheusageof variables.As far asthedefinitionof rule
languagesfor expressingdetailedconfigurationknowledgeon top
of DAML+OIL is concerned,we must stressthat sucha language
mustallow disjunctsof positive literalswhenwriting theconstraint
in clausalform, e.g.,to expressalternative port connections.

Happily, most of the requiredmeansof expressionare already
availablein the DescriptionLogic designer’s toolbox; however, the
degreeof expressivity requiredalsoleadsto problemsw.r.t. to decid-
ability of basicpropertiessuchassatisfiabilityor subsumption[2].
State-of-the-artconfiguratorsachieve decidabilityby putting a pre-
definedlimit on the numberof individualsandallowing only finite
domainsof valuesfor features(constraintvariables).Furthermore,
only fixed concepthierarchiesare allowed (as part cataloguesare
typically consideredunchangeable),which reducesthe importance
of subsumptionversusthatof A-Box reasoning.

5 Conclusions

In this paperwe have shown how to applySemanticWebontology
representationlanguagesfor configurationknowledgerepresentation
andintegration.Wegaveadescriptionlogicbaseddefinitionof acon-
figurationproblemandshowed its equivalencewith corresponding
consistency-baseddefinitions.A consequenceof this equivalenceis
thatconfigurationproblemsrepresentedin descriptionlogicscaneas-
ily be transformedinto configurationproblemsrepresentedin pred-
icate logic or simplified variantsthereof (and vice-versa).Conse-
quently, weprovideacommonfoundationthatenablesjoint research
activities andexplorationof results.With respectto ongoingefforts
to extendDAML+OIL our papercontributesa setof criteria which
mustbefulfilled in orderto usesucha languagefor full-fledgedcon-
figurationknowledgerepresentation.ThusDAML+OIL hastheop-
portunityfor beingastandardknowledgerepresentationlanguagefor
theconfigurationdomain.
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