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Abstract: The Föderalsystemis a flexible repositoryfor the management,integrationandmodelingof productdata.
Currentsystemsin thisdomainemploy object-orienteddatamodels.Whereasthis is adequatefor themanage-
mentof productdata,it provesinsufficient for integrationandmodeling.Presentsemistructureddatamodels,
however, aresuitedideally for integration,but datamanagementandalsomodelingis aproblem.In thispaper
we describeour approachto narrow down the gapbetweenstructuredandsemistructureddatamodels. We
presenttheFöderalinformationsystemwhich employs a new semistructureddatamodelandshow how this
modelcanbeusedin thecontext of management,integration,andmodelingof engineeringdata.

1 Intr oduction

Today, the situation of engineeringcompaniesis
determinedby increasingtime pressure. The effi-
cient managementof product data along the entire
productlife-cyclehasbecomeaprerequisitefor com-
paniesto succeedon the market. Current product
data management(PDM) systemsclaim to achieve
this. The engineeringcompaniescooperatingin the
Föderalproject,however, regardthesesystemsasnot
flexible enough,mainly becausethesesystemsuse
object-orienteddatamodelsto representproductdata.
To avoid the restrictionsof object-orientedmodels
wepresenttheFöderal1 InformationSystemfor prod-
uct datamanagementfeaturinga semistructureddata
model.

1.1 SemistructuredData

Recently, semistructureddatamodelsandtheir appli-
cationshave attractedattentionanda lot of research
is devotedto thissubject,e.g.(Abitebouletal., 2000;
Buneman,1997; Garcia-Molinaet al., 1997; Gold-
man and Widom, 1997; W3C, 2002; Suciu, 1998;

1The Föderalproject is supportedby the GermanFed-
eral Ministry of Educationand Research(BMBF). The
project web site can be found at www.foederal.org .
“Föderal”is Germanfor “federated”.

Quassetal.,1995).In structureddatamodels,schema
and data are clearly separatedand the data always
conformsto the schema. This conformity check is
doneautomaticallyuponcreationandupdateof data.
Thisisnotthecasefor semistructureddata(Buneman,
1997;Suciu,1998;Abiteboulet al., 2000).First, it is
possiblethatthereis noschemainformationavailable
at all. Second,if thereexistsa separateschemathen
conformitychecksalwayshave to beinvokedexplic-
itly.

1.2 Product Data Management
Systems

Thedomainof productdatamanagement(PDM) sys-
temsis oneof the most importantin today’s manu-
facturingindustry. During all phasesof the product
life-cycle data is producedor consumedby various
applications.Therefore,thecentralizedmanagement
of productdatahasbecomecrucial.

CurrentPDM systemscanbeconsideredreposito-
ries (in termsof (BernsteinandDayal,1994))for en-
gineeringdata. They provide a domainspecificin-
formation modelwhich includesmetadata describ-
ing thedatain thevault, aswell asservices. Typical
servicesof both, repositoriesandPDM systemsare,
e.g.,check-in/check-out,versioncontrol,andconfig-
urationcontrol. In mostcasesthe informationmodel
of aPDM systemofferssomepredefinedbaseclasses.
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Theseclasseshave to beextendedandsupplemented
in acustomizationprocessto bettersupportcompany-
specificapplicationsandworkflows.

To the best of our knowledge and according
to (Scḧottner, 1999;Abramovici andSieg, 2001),all
current PDM systemsuse object-orientedinforma-
tion models. This includescommercialsystemslike
Metaphaseand Enovia, researchprototypeslike the
IDEE system(Scḧonhoff etal.,1997)andtheProduct
andProductionModel(PPM)-basedsystemin (Hille-
brandet al., 1998),and the OMG projectPDM En-
ablers(OMG, 2001).

1.3 The Föderal Project

In the Föderal project, three internationally recog-
nized mechanicalengineeringcompaniescooperate
in identifying theirproblemsin productdatamanage-
ment,investigatingappropriatesolutions,andrealiz-
ing an informationsystemto accomplishoptimal in-
formationsupply.

It turned out that they not only needa standard
product data managementsystem. As we will ex-
plain in detail in Section2, they additionally focus
on two further issues.First, theseamlessintegration
of legacy systemsand legacy datainto the new sys-
temis crucial.Second,thecompaniesinvolvedin the
Föderalprojectdesignmachinesaccordingto a spe-
cific modelingmethodologywhichhasto besupported
by IT infrastructure. To achieve thesegoals,we de-
signedtheFöderalInformationSystem(FödIS).Basi-
cally, FödISis a federatedinformationsystemto inte-
gratelegacy databasesystems.Thefederatedschema
of FödIS is basedon the datamodel which will be
describedin Section3.

1.4 Outline of the Paper

Theremainderof thepaperis organizedasfollows: In
Section2, we arguewhy object-orienteddatamodels
have severedeficits whenemployed in our scenario
andwhat we gain by usinga semistructuredmodel.
In Section3, we show the shortcomingsof current
semistructureddatamodelsanddescribeourproposal
for a new datamodel. We give a reporton the sys-
temdevelopmentstatusin Section4 andconcludethe
paperin Section5.

2 The Casefor a Semistructured
Data Model

CurrentPDM systemsemploy object-orienteddata
models. However, they are neithersuitedto enable
aniterativemodelingprocess,nor to supporttheinte-
grationof heterogeneouscomponentsystems.In this

section,weexplainwhy thesetwo tasksarecrucialto
any PDM systemin theapplicationareaof mechani-
cal engineering.

2.1 Modeling

To speedup and simplify the productdevelopment
process,the companiescooperatingin the Föderal
projecthave developeda module-baseddesignmeth-
odology. Typically, new machinesarecreatedasag-
gregationsof parameterizedmodules. A module is
an assemblyof componentslike software,hardware,
documentation,etc. For example,a moduledescrib-
ing a spindle, as sketchedin Figure 1, consistsof
CAD data,circuit diagrams,varioustext documents
for development,maintenanceandserviceguidelines,
and programmablelogic controller (PLC) code to
controlthemovementsof thespindle.

Service.doc

X

rotate()
begin

...
end

Spindle

...
CAD Data

Circuit Diagram Manual

PLC Code

Figure1: A spindlemoduleandits componentsin a
double-endtenonermachine(HomagOptimat).

Modulescomplyto certainrestrictionswhichmake
themusableasbuilding blocks in higher-level mod-
ulesin thedesignprocessof new machines.They are
developedin an application-centeredmanner:Often
a new machinecannotbe built entirely from mod-
ules alone,but it hasto be supplementedwith non-
standardparts.Non-standardpartsdo not necessarily
comply to the restrictionsof modules,i.e., they are
not reusable. If a non-standardpart turns out to be
useful in later projects,thenit might be upgradedto
fulfill therequirementsof modulesandthusbemade
available for future use. It is importantto note that
modulesarenot designedfrom scratch.Rathersome
non-standardpartseventuallyturnout to beuseful.In
this case,thesepartsbecomenew modules.

The companiescooperatingin the Föderalproject
have in commonthat rarely any two machinesthey
manufactureare exactly alike. Thus, the processes
of developingnon-standardpartsanddeclaringnew
modulesarecommonproceduresandareperformed
frequently. For example,a new customerrequiresthe
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engineeringcompany to develop an extremely fast-
rotatingspindleto raisethe throughputof a new ma-
chine. This fast-rotatingspindleis thendevelopedto
fit into this specificmachineonly, i.e. parameters,
error messages,documentation,etc. arehard-coded.
Later on the fast-rotatingspindle turns out to be a
commonrequirement.Thenthe company decidesto
build a modulefrom thisnon-standardpart.

Object-orienteddatamodels,however, do not sup-
port this kind of methodology. In an object-oriented
model, dataalways has to conform to the schema.
This, however, is not useful to the engineeringpro-
cessof machinessinceirregulardataoccursquiteof-
ten in this domain. Hence,ordinaryobject-oriented
datamodelsare not flexible enoughto supportthis
well-approvedmethodology.

Whensemistructureddatamodelswerenot popu-
lar yet, therewere approachesto supportthis mod-
eling processby addingflexibility to object-oriented
datamodels.Oneof theseapproachesis theclass-less
object-orienteddatamodelpresentedin (Groß-Hardt
andVossen,1993).

2.2 Integration

Theintegrationof legacy datainto afederatedschema
is a crucial requirementfor the Föderalsystem. On
the one hand, this is necessaryfor the supportand
maintenanceof systemsin use.On theotherhand,as
we have explainedin the previous section,new ma-
chinesare built as a compositeof modules. Hence
the capitalof the companieslies in the possibility to
reusemodulesandassembliesof machinesthey have
alreadybuilt andthathavealreadyprovento beof in-
dustrial strength,i.e., they are reliable, economical,
etc. Thus,it is utterly importantfor a company to re-
taincontrolof legacy data.

Today, all phasesof the life-cycle of engineering
productsare supportedby a diversity of so-called
CAx tools. Usually, eachof thesetools embodiesa
proprietarydataformatanddatamanagementsystem.
Hence,the different informationsourcesthat arere-
sponsiblefor the differentphasesin the engineering
processof a machineare extremely heterogeneous.
Thevarietyof toolsanddataformatsinevitably leads
to incompleteor evencontradictorydata.

The integration of heterogeneousinformation
sourcesis central to the managementof product
data. PresentPDM systemstry to solve this prob-
lem by using object-orienteddatamodels. We ob-
serve, however, that semistructureddatamodelslike
OEM (Garcia-Molinaet al., 1997),YAT (Cluetet al.,
1998)or XML (W3C, 2002)aresuperiorin the do-
mainof theintegrationof heterogeneousinformation
systems.In projectslike TSIMMIS (Garcia-Molina
et al., 1997) and Xyleme (Reynaud et al., 2001)
semistructureddatamodelsareusedespeciallyfor the

integrationof incompleteandcontradictoryinforma-
tion comingfrom datasourcesthatarenotnecessarily
managedby a DBMS.

Generally speaking, the problem covered by
projectslike TSIMMIS andXylemematchesthedata
integrationproblemof theFöderalsystem.To support
theintegrationof heterogeneousandincompletedata,
we follow the ideaspresentedin the scopeof these
projectsby employing asemistructureddatamodelin
thefederatedschemaof theFödIS.

2.3 Drawbacks

Of course,therealizationof afederatedschemabased
on a semistructureddatamodelcomesat somecost.
Comparedto structuredmodels,semistructuredmod-
elsgenerallysuffer from threemaindrawbacks:
Queries: Fromasemanticalviewpoint,applications
thatusecomplex queriesarehardto implementontop
of a semistructureddatamodelsincethestructureof
the datacanbe changedand thereis no mechanism
to ensurethe semantic“stability” of a queryduring
changesof the datamodel. In our casethis prob-
lem is not severesincetheapplicationson top of the
FödIS do not rely on complex queries.They mostly
requirenavigational functionality. Nonetheless,we
implementeda querylanguagefor our datamodelto
facilitatesimple(i.e. navigational)queries.
Performanceoptimization: Whereasit is a prob-
lem to queryanevolving datamodelfrom a semanti-
calpointof view, it is evenharderto optimizequeries.
Unlike in structureddatamodelswe cannotrely on
stableindexesto speedup queries.As we explained
above,however, our applicationscenariois not based
on complex queries.
Human understanding: In semistructureddata
modelsnot only theprocessingof queriesis affected
by the lack of structurebut also userunderstanding
canbederogated.Consider, e.g.,a largeOEM graph
with thousandsof edges. For a humanuser it will
bemuchharderto extract informationfrom this data
graphthanqueryinga relationaldatabase.

Many solutions have been proposed to solve
the problem of human understanding,e.g. the
DataGuide(Goldmanand Widom, 1997) for OEM,
YAT (Cluet et al., 1998), and many other XML
schemalanguages(see(Lee and Chu, 2000) for an
overview). They all proposeschemasfor semistruc-
tureddata. Thesesolutionscanbe divided into two
categories:
� Datato schema.Here,schemasareautomatically

derivedfrom existing data. This approachfocuses
on the problemof query processing.However, a
generatedschemais notnecessarilyhelpful to ahu-
manuser.

� Schemato data. Several schemalanguageshave
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beendeveloped,in particularfor XML, that facil-
itate userunderstanding.Typically theseschemas
are somewhat less rigid, i.e., less precise than
object-orientedschemas,althoughtheir expressive
power increasessteadily(LeeandChu,2000).

To supportthe module-basedengineeringmethodol-
ogy describedin Section2.1, humanunderstanding
of modeleddatais crucial in our applicationdomain.
Hencewe follow the schemato data approachof a
manuallydefinedschemaandconformitychecks.

3 The Föderal Data Model

In Section2, we motivatedour decisionnot to im-
plementanobject-orientedbut to chooseasemistruc-
tured data model. In this section, we presentthe
FöderalDataModel(FöDM) asanextensionof OEM.
First, we arguewhy it wasnot an option to usepure
OEM or any otherexistingsemistructureddatamodel
we know of. Second,we show our requirementsto
designa new datamodel. After the specificationof
FöDM wedescribetwo applicationscenarios.Finally,
we compareFöDM with relateddatamodels.

3.1 Moti vation to Extend OEM

Before designing FöDM we analyzed current
semistructureddata models. In particular we con-
sideredXML (supportedby XML Schema),OEM
and YAT. As explainedabove, our applicationarea
requiresa flexible datamodel, which is well-suited
for humaninteraction. The result of our investiga-
tions showed that the models fulfill our flexibility
requirements. None of them, however, provides
sufficient supportfor humaninteraction.

Instead of designing a new data model from
scratch,we decidedto extendanexisting datamodel.
We did notchooseXML asabasemodelfor two rea-
sons:First,thereis alwaysacertainhierarchyinduced
by XML’s objectnestingrelationship.This hierarchy
is a restriction to the engineeringmethodologyde-
scribedabovesincerealworld scenariosrarelyfit into
onesinglehierarchy. Second,XML is not convenient
to be handledby humanusers. This is true even in
the presenceof modernend-usermodelingtools for
XML. We do not seehow eitherof thesetwo issues
couldbeameliorated.

Thedistinctfeatureof theYAT datamodelis apar-
ticularmechanismfor instantiation.Sincethiskind of
instantiationis not neededin our domain,YAT is not
a goodbasisfor ourmodel.

Onthecontrary, weconsideredOEM asagoodba-
sis for the following reasons:We think of OEM as
a minimal but universaldatamodel. It is extremely
flexible sincedataandmetadatacanbe part of the

sameOEM graph. However, humaninteractionwith
largeOEM graphsis tedious.

3.2 Requirements

In this section,we will stateour requirementsto an
extensionof OEM with respectto humaninteraction
andmodeling.In particularwewantFöDM to realize
thefollowing threefeatures:
Bidir ectional navigation of relationships: To en-
ablean intuitive navigation in FöDM, edgesarede-
signedto betraversablein eitherforwardor backward
direction. This property, however, doesnot derogate
thefact thatedgesaresemanticallydirected.To con-
siderrelationshipsalwaysasbidirectionalpathwaysis
a featurewe alreadyknow from knowledgerepresen-
tationsystems(LenatandGuha,1989).
Labels on nodesand edges: In theoriginal OEM,
datais representedasa graphwith labelednodes(Pa-
pakonstantinouet al., 1995).Subsequentlya new no-
tion of OEM hasbeenintroducedwhere labelsare
on edgesinsteadof nodes(Abiteboul et al., 1997).
XML canbe seenasa nodelabeledgraph. FöDM,
in contrast,is a graphwith labelednodesand labeled
edges.We introducedthis propertyfor thefollowing
reason:Representationsof well-known datamodels
like entity-relationshipdiagramsor UML classdia-
gramsshow that labelson both nodesandedgesare
neededto supportthe intuitive modelingprocessfor
humanmodeldesigners.Furthermore,usinglabelson
both,nodesandedges,leadsto averyintuitivemodel-
ing of name-value-pairs.As a matterof fact,in apre-
decessorprojectof Föderal,which focusedonmodel-
ing of engineeringdata,a semistructureddatamodel
with labelednodesandedgesproveduseful (Dreyer
et al., 2000).
Edge types: We introducethe conceptof edge
typesto our model to provide a dynamiccatalogue
of all edgelabelsin the model. Onereasonfor this
is that FöDM is usednot only by humanusersbut
alsoby algorithms.Sinceedgelabelsdenotetherela-
tionshipbetweennodes,algorithmswill navigatethe
datamodelusingedgelabels,primarily. Thesecond
reasonfor introducingedgetypesis to build aseman-
tic hierarchyamongedgelabels.Thefeatureof edge
typesis well known from ontologylanguagessuchas
DAML

�
OIL (Horrocks,2002).

3.3 Specificationof the Föderal Data
Model

From the requirementsdiscussedin Section3.2 we
equip FöDM with three different kinds of objects:
nodes,edgesandedgetypes.

A nodeobjectis specifiedas

Node: � BasicType �����	��
�� Edge[] 
���� Edge[] �������
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whereBasicType is a simple datatype like inte-
ger or string . It specifiesthe type of the value
attributeof thenode.Two nodesareconnectedvia an
edgeobject.The in andout attributeof a nodeobject
denoteanarrayof incomingandoutgoingedges,re-
spectively. Notethatthe in attributeis neededto real-
ize navigationin theoppositedirectionof the logical
directionof anedge.

Edgeobjectsaredefinedasfollows:

Edge: � Node ����������
�� Node ������
���� EdgeType � ��!�
"�
Thesourceanddrain attributesof anedgedenotethe
nodesconnectedby the edge. Again, we needthe
sourceattribute to navigateagainstthe logical direc-
tion of anedge.

The label or the typeof an edgeis determinedby
its edgetypewhich is definedas

EdgeType: � String �#��$%
�� EdgeType �&��!�
���'(��!�
"�
wherenameis the descriptionof the edgetype (i.e.
thelabelof all edgesreferringto this edgetype).The
attributesuperTypeis apointerto any otheredgetype
from which this edgetypeis semanticallyderived.

3.4 Example Scenarios

In thefollowing, we illustratetheusageof our model
by two examples.In thefirst example,we show how
FöDM canbe usedto modelengineeringdatain an
intuitive and humanunderstandablemanner. In the
secondexample,we presentoneaspectof datainte-
grationnamelythe integrationof datafrom file sys-
tems.
Example 1: Data Model of a Spindle: In Fig-
ure 2, we illustrate the usageof our datamodel by
showing a partial modelof the spindle,describedin
Section2.1. Differentarrowheadsrepresentdifferent
edgetypes.In theupperpart,aMachine Unit, whichis
a component of a Machine, hasfour typesof compo-
nents:CAD-File, Circuit Diagram, Documentation, and
PLC-Program. The Spindle is a specifickind of Ma-
chine Unit. To emphasizethat thesenodesarepartof
themodel,they areconnectedto theMeta Data Model
nodeby edgesof type abstraction layer, cf. (OMG,
2000).

In the lower part, the Spindle instanceS BD4C is
depictedwith its actualcomponents.In this example,
S BD4C hassevencomponentswhichareinstancesof
CAD-File, Circuit Diagram, Documentation, andPLC-
Program, respectively. All instancesin our example
areconnectedto the Data Model nodeby an edgeof
typeabstraction layer, cf. (OMG, 2000).

Notice that this is whereour semistructureddata
modelpaysoff: On theonehand,we candistinguish
betweenmetadata (i.e. classes)and data (i.e. in-
stances)during all phasesof the modelingprocess.

S_BD4C

Circuit Diagram Documentation

PLC - Program

P_POG4

D_0K71 

X_DW39

CAD - File 

Machine 

P_PAGXX_DW37

X_DW38

C_BD4D

Spindle

Machine Unit

Meta Data Model 

Data Model 

component of 
instance of
inherits from
abstraction layer

Label 

Nodes:      Edges and their types:

Figure2: Partial datamodelof aspindle.

This also includes the possibility of structuralon-
demandconsistency checksbasedon the edgesof
type abstraction layer. On the other hand, we are
freeto violateconstraintsin both,thedatamodeland
themetadatamodelat any time. Clearly, thedesign
methodologydescribedin Section2.1 benefitsfrom
this characteristic,sinceit facilitatesthe usageof ir-
regulardata.

Example 2: Integration of data: In the appli-
cation areaof Föderal it is important to be able to
accesslegacy data in a flexible way. In fact, most
dataproducedby CAx tools residesin file systems.
Thereforewe will show how datafrom file systems
canbeaccessedusingFöDM. Figure3 shows anex-
ample data model. On the left hand side there is
the PLC programP POG4 from the exampleabove.
We do not show the nodesfor meta data model and
data model from Figure2 in this example. Further-
more, insteadof introducingeven morearrowheads,
edgetypesareshown aslabelsnext to theaccording
edges.Considerthe scenariowherethe sourcecode
for this programhasto be retrieved by an applica-
tion. Knowing the appropriateedgetypesthe appli-
cationwill usethefile transferprotocol(ftp) to copy
thefile /fodis/data/resources/P POG4.plc from server
FileServ to a local directoryandstartthe application
whichcanbefoundat C: ) CoDeSys.exe with thisfile.
If theuserupdatesandclosesthefile, it will becopied
backusingthesameinformationasfor retrieving the
file.

To integratedatafrom relationaldatabasemanage-
mentsystems,nodescontainSQL queriesinsteadof
pathsandfilenames.Thesequeriesareexecuteddy-
namicallyto retrievedatafrom therespectivesystem.
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instance_of
Tool

Software
source

get_mthd

Host

Path
P_POG4

ftp

/fodis/data/
resources/

FileServ

C:\CoDeSys.exe
PLC source

P_POG4.plc

PLC-Program

instance_of

Software
source

Figure3: Integrationof files usingFöDM.

3.5 RelatedModels

To contrastFöDM with the most prominentrelated
modelswe illustrate how to representa small sce-
narioin eachmodel.Thenweexplain thedifferences,
which aresummarizedin thetablebelow.

To clarify the differencebetweenFöDM and re-
latedmodelswechoosethemodelof ODMG (Cattell,
1994)asthefirst referencemodel.TheODMG model
is not semistructured,however, we feel that human
understandabilityof thismodelis verygood.Second,
wechoseOEM to show how ourextensionsaffect the
model. Finally, we illustrate the model in XML to-
getherwith XML Schema(W3C,2002).

We did not choseany model from the area of
knowledgerepresentation.We feel that the focusof
knowledge representationsystemsdiffers from our
applicationareain two significantways.First,knowl-
edgerepresentationsystemsareprimarily concerned
with metadata.In contrast,weconsiderdataandmeta
dataequallyimportant.Second,wedonotwantto ex-
tractunknownfactsfrom ourdata,i.e. wedonotneed
inferencealgorithms.

To avoid ambiguities,we will usethe term object
when we refer to a real world entity. Objectsare
interconnectedby relationships. Abstractionsof ob-
jectsarecalledobjectclasses. Whenwespeakof data
we refer to objectsandrelationships.A setof object
classesis termedmetadata.

In Figure 4(a), we show an extract of the FöDM
example in Figure 3. While PLC-Program and
PLC source representobject classes,P POG4 and
P POG4.plc referto objects.

For the ODMG examplein Figure4(b), we chose
theUML notationto representtheclassdiagram(i.e.
the metadatamodel)on top andthe objectdiagram
(i.e. the datamodel) right below. By modelingthe
two relationshipsimplements and is implemented by
we demonstratehow bidirectionalnavigation canbe
achievedin theODMG model.

In Figure 4(c) we show the sameexampleusing
OEM.Again,weintroducetwo edgesperrelationship
to enablebidirectionalnavigation. In OEM nodesare
not labeledexceptfor theleaf nodeswheretheactual
datais stored. Analogousto FöDM, dataand meta
datais storedin thesamemodel.

instance_of
Software
sourceP_POG4

PLC source

P_POG4.plc

PLC-Program

instance_of

Software
source

(a)

is_implemented_byPLC-Program

String: Name
implements

PLC source

String: Name

is_implemented_by
P_POG4 implements P_POG4.plc

(b)

PLC-Program

instance_of

PLC source

is_implemented_by

implements

is_implemented_by

implements

P_POG4

value

P_POG4.plc

value

instance_of
type_oftype_of

(c)

xs:schema 
xmlns:xs="http://..."

PLC- Program
Name="P_POG4"

PLC source
Name="P_POG4.plc"

xs:attribute
name="Name" 
type="xs:string" 

xs:attribute
name="Name" 
type="xs:string"

xs:complexType

xs:element 
name="PLC Source" 
minOccurs="0"

xs:sequence 

xs:complexType

xs:element 
name="PLC- Program"

(d)

Figure4: FöDM andrelatedModels. (a) FöDM, (b)
ODMG model, (c) OEM, (d) XML (insidethe box)
andXML Schema.

We show an XML example in Figure 4(d) using
XML Schemato definethe object classes. We are
aware that this is not the only possibility to model
the given scenario.Eachgray box denotesan XML
elementwith its nameon top and attributesbelow.
The two elementsinside the rectanglerepresentthe
XML data file. The other elementsbelong to the
XML Schemadefinition. The distinction between
dataandmetadatain XML Schemais differentfrom
the ODMG model. In the ODMG model, dataand
metadatais clearlydividedinto classdiagramandob-
jectdiagram.TheXML document,however, notonly
containsdatabut alsometadatawhich is enclosedin
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theidentifiersof elements(e.g.PLC-Program).
Thecomparisonbetweentherespective datamod-

els revealsthat FöDM offers the most intuitive way
for humanusersto transferrealworld scenariosto the
datamodel. Even in the toy modelof Figure4, it is
apparentthatFöDM supportsa lucid way to describe
data.Thispaysoff in real-lifescenarioswheremodels
incorporateseveralthousandobjects.

In Table1 wesummarizethedifferencesof thedata
modelswe comparedabove with respectto the dis-
tinct featuresin FöDM.

Feature FöDM ODMG OEM XML

Labeled ob-
jects

� �
–

�

Labeledrela-
tionships

� � �
0

Typed rela-
tionships

�
0 – 0

Bidirectional
navigation of
relationships

�
0 0 0

Separation
of data and
metadata

–
�

–
�

Table1: Distinct featuresof FöDM comparedto the
modelsof ODMG, OEM andXML. Thepresenceof
a feature,thepresenceof relatedfeaturesor thepos-
sibility to simulatethe featureand the absenceof a
featurein the respective modelis expressedby

�
, 0,

and–, respectively.

Labeledobjects: A datamodelhaslabeledobjects
if objectscanhavenames.Therearelabelednodesin
all modelsbut OEM.
Labeled relationships: As explainedabove, there
are also labels for edgesin FöDM, which are real-
ized by meansof edgetypes. In the ODMG model
we alsoencounterlabeledrelationships.Two objects
areinterconnectedby pointersthatarelabeledwith an
identifier. In XML Schemathereareno relationship
labels.However, they couldbesimulatedby XPoint-
ersor attributesof typeIDREF. In OEM, in contrast,
all semanticinformationis keptin labelsontheedges
of thedatagraph.
Typed relationships: The typing of relationships
asdescribedabove is only availablein FöDM. In the
ODMG model and in OEM, namesof relationships
betweenobjectscanbe restrictedto a certainextent
usingtheconceptsof interfacesandderivation. Typ-
ing of relationshipsin FöDM, however, doesnot reg-
ulate the internal structureof objectsbut the struc-
ture amongobjects. In XML relationshipsbetween
objectscan be expressedusing attributes, IDREFs,
or the elementnestingrelationship. The difference
betweentheserelationship“types”, however, is of a

structuralandnot of a semanticnature.Furthermore,
thesetypesarenot extensibleasthey arein FöDM.
Bidir ectional navigation of relationships: FöDM
is the only model which supportsthe bidirectional
navigationof relationships.In theODMG modeland
in OEM, this couldbeachievedby modelingeachre-
lationshiptwice, i.e. oncefor everydirection.Thehi-
erarchicalrelationshipin XML obviouslycanbenav-
igatedin eitherdirection,but thisdoesneitherholdfor
relationshipsestablishedby IDREF nor for XPointer
or XLink attributes.
Separationof data and meta data: While there
is a cleardistinctionbetweendataandmetadatain
the object-orienteddatamodel(which is the distinc-
tion betweendynamicandstatic),thereis nosuchdis-
tinction in FöDM (althoughit canbeintroducedarti-
ficially, as shown above). In XML, however, there
is a clearseparationbetweenmetadatawhich is the
schemaandthetagson theonehand,anddatawhich
is the contentof the elementsand attributeson the
otherhand. As in FöDM, the separationof dataand
metadatain OEM is not supported.

4 SystemStatus

Duringthefirst phaseof ourproject,theFödISpro-
totypehasbeenimplementedthatincorporatesFöDM
basedon acommercialDBMS.

Subsequently, the systemhasbeenintroducedto
oneof thecompaniesparticipatingin theprojectand
a modelfor their datahasbeenestablished.

After migratingsomecompany-specificprograms
to work on topof FöDM, thecompany hasstartedde-
signingthe first machinesusingthe above described
methodology.

We alsoimplementeda querylanguagefor FöDM
to supportthe implementationof servicesandappli-
cations.

Figure5: Two windows of the FödIS graphicaluser
interface.

Figure5 shows a portion of the graphicaluserin-
terfaceof FödIS.It is implementedusingtheEclipse
framework for the Java programminglanguage.On

7



ICEIS 2003-

the left sidewe seea treerepresentationof the data
modelof thespindlefrom Figure2. Ontheright hand
sideagraphicalrepresentationof thedatais depicted.

5 Conclusion

In this paper, we presenteda new semistructured
datamodel (called FöDM), that is usedin the fed-
eratedschemaof our productdatamanagementsys-
temFödIS.Wehavelearnedfrom our industryproject
partnersthatfutureproductdatamanagementsystems
will haveto extendtheir focusto themodelingandin-
tegrationof information. With FödIS we take a first
step to fulfill theserequirements. We have argued
that object-orienteddatamodelsare neitherflexible
enoughto supportthemodelingmethodologypreva-
lent in many mechanicalengineeringcompanies,nor
to enablethe smoothintegration of legacy systems.
Presentsemistructureddatamodelsfosterintegration
of legacy systems,but they arenot designedto sup-
port manualdatamodeling. For this reasonwe pro-
poseda new semistructuredmodel that emphasizes
both,modelingandintegrationof information.
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Cluet, S., Delobel,C., Siméon,J., andSmaga,K. (1998).
Your mediatorsneed data conversion! In SIG-
MOD’98, pages177–188.ACM Press.

Dreyer, J.,Lewek,J.,andAngerbauer, R. (2000).Software-
Architektur zur flexiblen Untersẗutzungvon baukas-
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