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Abstract . The datamanagementn the various componentsof CIM systemsis still realized by

individual databasesvhere communicatiorbetweenthe componentss establishedvia interfacessuch
as STEP. More efficiency, however ashievedoy anintegratedapproachwhichis basedon an object-

oriented database system. This would allow an integrated data management thataaaoédisindancy
andinconsistenciesand supportsall kind of complexstructureddata.In this talk the requirenentsfor

an integrated and distributed data management are discussed.

1 Introduction

The ssituationin companiesgspeciallyin thosewith computeraidedmanufacturing
(CIM), becomesmore and more difficult with respectto data managementThe
difficulty increaseswith the amountof the dataarizing thereand with their diversity.
Theseproblemsare mainly a consequencef incompatibledata managemensystems
usedin differentdivisionsof the company.Obviously,this incompatibility complicates
communicationbetweenCIM componentsecausdsolated solutionsdo not provide
direct information transfer. The consequencés that information exchangesetween
theseareasare not only time and costconsuming put hasalso seriousdrawbackssuch
as information losses. The following criteria characterize the present situation:

— redundancy of data because of multiple storage,

— inconsistenciebetweendataof different CIM areasthis happensf e.g.updatesof
data are not distributed fast enough among the CIM components,

— huge amount of data,

— no integratedview of dataand missing supportof datadependenciesn different
CIM areas.

One wayto surmounttheseproblemswould be anapproachwhere all dataare
modeledin an object-orienteddatamodel (OODM) and storedin a distributedobject-
oriented database system (OODBS)S#attion2 we first describethe dataflow in CIM
systemsand analyze resulting requirementsfor global CIM integration. Section 3
containsanoverviewon alreadyexistingintegrationconceptsin Section4 we propose
a new integrationconceptbasedon an object-orienteddatabasesystemthat hasbeen
developed in our Institute, and discuss its advantages upon existing concepts.

2 CIM-Demands

The requirementof a consistentCIM integrationconceptarizesfrom the flow of
data betweendifferent areasof a company.To analyzethis flow we start from the
following general definition of a CIM system:

CIM is anintegrationof PPS(productionplanningsystem),CAE (computeraided
engineering),and CAM (computeraided manufacturing), where CAE comprizesthe
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areas CAD (computer aided design), CAP (computer aided planning), and CAQ
(computeraided quality). Betweenthesecomponentqi.e. betweenthe corresponding
departments of a company) there is a steady flow of information, as shown in Figure 1.
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Figurel Data flow in CIM systems

Sketching a typical developmentof the data flow, we start with information
entering the systenmarkettrendsandcustomerorders.This informationis analyzedn
the productionplanningand -control departmentProductspecificationsof customer
ordersare forwardedto the design(CAD) division, and generaldatafor production
planning are transmitted to the manufacturing division.

In CAD product designs, drawings and parts lists are developed under
consideratiorof quality requirementsrom CAQ. Thesearetransmittecto the planning
division (CAP) for further processingandto PPSfor long term storage.In CAP blue
prints and NC-programsare developedon the basis of the CAD data and then
transmitted tahe manufacturinglivision. If productionturnsoutto be not possibledue
to insufficientor erroneougiata,correspondingnessagewill be returnedto CAP. But
if production is successfully completed, the PPS division is informed appropriately.

Finally the productis deliveredto the customer.This shortdescriptionof the data
flow showsalreadythatalmostall divisionsneedto communicatewith eachother,and
almosteverywheredataare generatedhat are of relevancan otherareasof CIM. Due
to the diversity of theseareasthe datacan be of different structure.Hence,the data
must be appropriatelyadjustedbefore their transmissionto anotherdivision, or the
receiving division must extract the relevant information from the transmitted data.

The different natureof datacanfor examplebe seenfrom constructional/design
data, information aboutmaterials,machines employeescustomersgetc. Examplesof
extracteddataare lists of parts,tolerancespr metric information. It follows from the
above considerationsthat there are a lot of requirementsto be supportedby an
integrated CIM concept. These are summarized as follows:
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1. There must be a commication interface between the CIM areas.

2. Theintegrationconceptshould offer a highly flexible and complex modeling of
data types.

3. The communicationinterface should allow restructuringof transmitteddata and
extraction of partial information.

4. Data should be queried easily and stored without redundancy.
3 Overview on Existing I ntegration Concepts

The developmenbf integrationconceptsfor CIM systemswas influencedby the
current state of the information technique.The 80s, e.g. were characterizedby the
developmentof isolated solutions for the various areas of CIM. In particular,
commercialsystemsand technical solutionswere strictly separatedrom eachother.
This separation was even promoted by many software developers.

Later, however, it was realized that essential improvements of the trade
competition of an enterpriseare only possible by company-widesolutions where
information from all company divisions atakeninto account.This wasthe reasorthat
first integration steps were taken in computer aided production.

Following [Sch90],five integrationstepsin the developmenof CIM systemscan
be distinguished:

Integration step 1: Coordination of unconnected syst@®s Figure 2)Thereis no
supportfor data exchangebetweencomponentsData transmissionis performedby
handwhich, besidesthe unjustified expenseof enteringdataagainand the dangerof
typing errors, results in high redundancy and has the danger of inconsistencies.
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Figure2 Integration step 1: Organization betweenseparatedsystemcomponents
[RGI1]

Integrationstep2: Integrationof unconnectedystem®y tools (Figure 3). Systems
areconnectedy a networkwhich is ableto transmitdatabetweencomponentsDueto
different data formats transformationsbetween various representationmodels and
internal representationgre required.In eachdirection of a link thereis a processor
which takescareof the dataadaptation.This type of integrationdoesnot ensuredata
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integrity, andit still suffersfrom datainconsistenciedf therearen connectedsystems,
this kind of solution requires altogeth&n—1) processors to handle the communication.
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CAx-system B CAx-system C

. DB-systern B DB-system C
Figure3 Integration step 2: Integration of separated system components by tools

Integration step 3: Data transfer by meansmdilboxsystemsDataaretransmitted
betweenthe systemcomponentdy meansof an interfacefile which both partiesare
ableto interpret.Dataexchangeas being performedvia specialmailbox systems.This
solutionrequiresspecialprocessorsgor re-formattingthe files. Again n(n—1) processors
are required.

Integration step 4: Commonreferencemodel (seeFigure 4). In contrastto the
previous steps,thereis no direct datatransmission.Transformationis realizedby a
global referencemodel. Before transmissiondata are transformedinto the reference
model, and after transmissionthe target systemperformstransformationinto its own
dataformat. Hencethe are only two processorsn eachcomponentsystem,one for
transformingdatainto the referencemodel, and anotherprocessorfor the backward
transformation. Hence this solution requires altogether amlyr@cessors.

Integrationstep5: CommondatabaseseeFigure5). In this integrationstepthere
exists a common database for all system components which stores all the various data of
the companyonly once.Eachcomponenis allowedto accesshe dataaccordingsome
defined view. This solution resultsin high data consistencyand protectsdata from
unauthorizedaccess.On the other hand, due to the data centralizationthe central
database ia bottleneckwhich causesielaysin caseof heavytraffic. Anotherdrawback
arizesfrom the fact that eachsystemcomponentwill havedatathat are only of local
interest.

A variantof this integrationstepallowsto store thesélocal" datain additionin a
local databasewith the consequenceof data redundancy and the danger of
inconsistencies.
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Figure4 Integration step 4: Common reference model for all system components
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Figure5 Integration step 5: Common data base for all system components

4 A New Integration Concept

Recallingthe requirement®n integratedCIM systemselaboratedn Section2, we
see that two of them suggest tisageof an OODBS(object-orientedlatabasaystem):
a flexible modeling of complex data types, non-redundanstorageof dataas far as
possible andsimplebut powerful querymethods The requirement®f non-redundancy
of storageandpowerful querymethodsare generallyobeyedin moderndatabaseslhe
realizationof arbitrary datatypes,however,requiresan object-orientecsystem.Hence
we haveto find out HOW far systemintegrationcanbe supportedoy an OODBS, and
how far the other/remaining requirements can be realized.
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The conceptproposedhere starts, in accordancewith the 5th integration step
outlinedin Section3, from a commondatabasesystem.Our approachis basedon an
object-orientedanddistributeddatabaseystem.The reasonfor a distributedsystemis
thatin eachCAx componenthereare datawhich are eitherof only local relevancepr
they need to be protected against accesses from other areas of the company.

For maintaining global data, i.e. those data that need to be accessed by all divisions,
thereareseveralpossibilities.One solutionwould be a global serverkeepingall global
data:eachdivision sendsall thosedatato the serverfor which accesss requiredfrom
otherareasThis approacicanbe realizedby a client-serverarchitectureln additionto
theseglobal datathe serverkeepsalso all centrally storedsystemdata (seeFigure 6,
dashed lines).

CAx-system B CAx-system C

local local
CIM-DB CIM-DB

Figure6 A distributed database system as the kernel of a CIM system

Anotherpossibilityis to storeall kinds of informationlocally, no matterif the data
are of local or of global interest. Each databasecomponentneedsa - generally
accessible “table of contentswhich shows the globally accessible data and wtierg
are stored (see Figure 6, solid lines). Both solutions have their advantages:

— Since there is only one data model throughout the whole system (i.e. a
distributed databasesystemis applied) there are no transformationsneededbetween
different data formats or data models.

— All dataare storedonly oncein the system,.e. thereare no redundanciesand
inconsistencies are thus avoided.

— Dataprotectionis easilyrealized:In caseof the client-serverarchitectureonly
the data of the servercan be accessedrom all parties.If thereis no server, data
protection mechanisms like views provided by da¢abasaystemallow only restricted
view to the dataof a division by showingonly a part of the table of contentsof their
data.

— If aclientbreaksdownthe otherdivisionsmay continue,aslong asthey do not
need data from the failed division.

— In both architectureghe systemperformanceis reasonableThoughin client-
server architectures the server is bimttleneckof the systemit turnsoutin practicethat
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the majority of dataarekeptlocally, which arein additionthe mostfrequentlyaccessed
data.

Fromthe aboveconditionswe seehow an OODBS canbe usedascommunication
interface between the divisions of a company. Hence from our initial list of
requirementsthere is one condition left: the communicationinterface should allow
restructuring of transmitted data and extraction of partial information.

To realizethe latter conditionthe objectalgebraassociateavith the datamodelhas
to provide specialoperationdor restructuringdata.Examplesare operatordor nesting
or unnestingattributes,or for the insertionof setor tuple constructorsTheseoperators
mustbe information preservingin the sensethat thoughdataare transmittedin certain
views, the original dataare not changedThustherearetwo ways of dataselection:If
the useris allowedto accesonly part of the information, dataprotectionmechanisms
can restrict the possible views. On the other hand, the receiver can restrict and
restructure the allowed data intentionally @sthe needthemfor his application;this is
provided by the operators from the object algebra.

In complexapplicationsnot only the pure dataare of interestbut alsoinformation
aboutthesedata,suchastheir structure type, etc. Henceit shouldbe possiblefor the
userto accesshe so-calledmeta-informationlf the samedatamodelis appliedfor the
meta-informationthe operationsof the object algebraand hence the same query
languagedasedon themcanbe appliedto getthis type of information. Thereare only
few systemswhere the meta-informationis organizedin this way. Details can for
example be found in [Goe93] or in [GHI3].

We thusshowedthatthe lastrequiremenbf Section2 caneasilyberealizedin an
appropriate OODBS.

5 Realization of an Integrated Database System

An integrationconceptas describedabove has beendevelopedat the Technical
University Clausthal.The object-orienteddatabasesystemOSCAR [HFW9O0] is based
on the datamodel EXTREM [HH91] togetherwith an object algebrathat includes
restructuringmechanismsas mentionedat the end of Section4. EXTREM was also
usedto model the meta-schemef the OODBS [GH93, Goe93]. The meta scheme
allows the modelingof a differentapplicationsn onesingledatabasein particularthe
data of the different CIM areas such as PPS, CAD, CAP, etc.

The integration conceptwas verified for the areaof CAD. The CAD system
(productmodel) CHARM [EGH92] developecat the TU Clausthalwas usedto design
objectswhich were then managedn OSCAR. A generaltestwith realistic CIM data
from all divisions is due to further investigations.Clearly, the efficiency of our
approach can only be evaluated on the basis of data from real systems.

In this paperwe havedemonstratedhat an object-orientedlatabaseystemcanbe
advantageouslysedto managdanformationin CIM in a consistenandintegratedway,
and how the various requirements for CIM are being handled.
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