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Abstract

Productdocumentationfor manufacturing is sub-
ject to temporal change: Exchangeof parts by
successormodels,shift from in-houseproduction
to external procurement,or assemblyline recon-
figuration are just a few examples. In this pa-
per we show how DaimlerChryslerAG manages
configurationfor manufacturingof their Mercedes
lines. Furthermore,we identify typical situations
of change,their representationon theproductdoc-
umentationlevel, and how to keepthe documen-
tation consistentover time. We thendevelop two
verification methodsfor computing the induced
changeat the parts level. Finally, we show how
our methodscanbe appliedto handlemodelyear
changeandproductionrelocation.

1 Intr oduction
Productconfigurationplaysa key role in marketsfor highly
complex productssuchas, e.g., in the automotive or com-
puterindustry[McDermott,1982;GünterandKühn,1999].
In thesesectorsa high degreeof personalizationwith im-
menseconfigurationpossibilitiescomestogetherwith large
numbersof producedunits. Electronicproduct dataman-
agement(EPDM)systemsarethereforeemployed,whichac-
company acustomer’sorderfrom its receptionup to thefinal
manufacturingof theorderedproduct.

Theneedfor configurationusuallyoccursat severalstages
in the supply chain, like sales,engineeringor manufactur-
ing. The requirementson the EPDM systemmay differ
greatly from one stageto the other [Wright et al., 1993;
Timmermans,1999]. However, themajorityof commercially
availableconfigurationtools concentrateon the salesaspect
as can be seen,e.g., in a recentsurvey [SabinandWeigel,
1998].

Our paperdealswith the role of configurationfor manu-
facturing.Here,configurationrequirementsaresimilar to the
engineeringstage,in that the producthasto be considered
not merely in functional (sales-)categories,but down to the
level of partsassembly. Especiallyin theautomotiveindustry,�
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where—asin our case—anindividual vehiclecanconsistof
upto 15,000parts,thisrulesouttheuseof conventionalsales-
configurators.In [Haag,1998] thenotionsof high-level and
low-level configurationare introduced,wherethe low-level
is characterizedby non-interactive,proceduralprocessing.In
thissenseweaddresslow-level configurationhere.

Productdocumentationonthemanufacturingstageis char-
acterizedby frequenttemporalchange:Partsmay be avail-
able or unavailableat certainpoints of time or may be ex-
changedby successormodels,subassembliesmayshift from
in-houseproductionto externalprocurement,assemblylines
maybereconfigured.Additionally, changeson theengineer-
ing level usuallyhave a direct impacton the manufacturing
documentation.To namejust a few, we can think of start-
up or runout of supplementaryequipmentor whole model
lines, or sharpenedor relaxed constraintsbetweenpartsor
subassembliesdueto furtherproductdevelopment.

The continuouschangeof the productdocumentationag-
gravatesthe maintenanceof a consistentanderror-free data
base,which should contain, for example, no unnecessary
partsor equipmentcodes,andno constructibilitycontradic-
tions.Thus,verificationmethodologiesarehighly desirable.

We presenttwo methods,the ��� -methodandthe 3-point
approach,to compute the changesinduced by high-level
productchangeson the parts level. Thesemethodsgener-
ate propositionalformulae,which are then checked with a
state-of-the-artSAT-checker. Furthermore,we show how our
methodscan be appliedto handletwo typical situationsof
change:modelyearchangeandproductionrelocation.

We have prototypically implementedour methodswithin
a specializedversionof the BIS system[Sinz et al., 2001].
This implementationis currentlybeingevaluatedby thepro-
duction departmentof the Sindelfingen(Germany) plant of
DaimlerChryslerAG.

2 Product Documentationfor
DaimlerChrysler’ s MercedesLines

In thefollowing wewill describetheEPDMsystemDIALOG
that is usedin its two variantsDIALOG/E and DIALOG/P
in theengineeringresp.productiondepartmentsof Daimler-
Chryslerfor configurationof theirMercedeslines.



2.1 Documentationat the EngineeringStage
Usingtheterminologyof [SabinandWeigel,1998], DIALOG
canbe classifiedasa rule-basedreasoningsystemfor batch
configuration.It consistsof afunction-orientedandof aparts-
orientedlevel. The former is characterizedby equipment
codes(salesoptions)andcontrol codes,aswell asrulesfor
on the onehanddescribingconstraintsbetweenthesecodes
and on the other handcompletionof partially specifiedor-
ders. This level thus constitutesa descriptionof the set of
manufacturableproductsfrom anengineeringpoint of view,
which we will alsocall the productoverview in the follow-
ing. The parts-orientedlevel is characterizedby a modu-
larizedhierarchicalpartslist, wherealternativesareselected
basedon rules. Theserules contain the function-oriented
salesand control codesand thereforeprovide the mapping
from thehigh-level functionalto the low-level aggregational
view. More informationon thedocumentationmethodanda
synopsisof therequirementsfrom differentdepartmentscan
befoundin [KaiserandKüchlin,2001].
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Figure1: Processingacustomer’sorder.

A customer’s orderwithin DIALOG/E consistsof a model
line selectiontogetherwith a setof furtherequipmentcodes
which describeadditionalfeatures.Eachequipmentcodeis
representedasaBooleanvariable,whichis setto trueexactly
whenthe pieceof equipmentis chosen.Thus,an orderis a
fixedassignmentto thepropositionalvariablesof theproduct
documentation.Ordersareprocessedin threemajorsteps,as
depictedin Figure1: (1) ordercompletion,(2) constructibil-
ity checkand(3) partslist generation.All of thesestepsare
controlledby rules. Rulescanbeof threedifferenttypes,all
of whichcontainapropositionallogic formulathatis built out
of the usualconnectivesAND, OR andNOT, and the above-
mentionedcodesservingaspropositionalvariables. No re-
strictionsareplaceduponthestructureof therules’ formulae,
sothereis, in particular, no restrictionto Horn formulae.The
whole orderprocessingis controlledexclusively by evaluat-
ing therule’sformulaeunderthevariableassignmentinduced
by thecustomer’sorder, andexecutingsuitableactionsbased
on whethertheformulaevaluatesto trueor false.

Thethreetypesof rulesthatoccurin theproductdocumen-
tation reflectthe threestagesof the orderprocessing.There
aresupplementingrules _a`@bdc which control the ordercom-
pletion process,constructibility rules ef`@bdc to checkmanu-
facturabilityof anorder, andpartselectionrules gh`�ijc to gen-
eratethebill of materials.All rulesareassociatedwith either
a codeor a part they refer to. This code(in caseof supple-
mentingor constructibility rules) or part (for part selection
rules)alsoservesasa uniqueindex for look-upof therules’
formulae _k`@bdc , eh`@bdc or gl`�ijc 1. Rulesareinterpreteddiffer-

1Note,that in our notation,we make no distinctionbetweenthe

ently, dependingon their function. The different interpreta-
tion resultsin differentactionstakenwhentherule’s formula
evaluatesto true or false. We will now describein detail the
individual orderprocessingstepsandtheactionstaken.

Order completion. Theordercompletionor supplementing
processaddsimplied codesto an order. The supplementing
formula _a`@bdc specifiesthe conditionunderwhich code b is
addedto order m . When _k`@bdc evaluatesto true underthe
variableassignmentinducedby m , i.e. when m is a (logical)
modelof _k`@bdc , thencode b is addedto thatorder. Theorder
completionprocessis repeateduntil nofurtherchangesresult.

Constructibility check. Constructibilityof a customer’s or-
der is checked accordingto the following scheme:For each
code b thereis a constructibilitycondition eh`@bdc . This for-
mula interrelatesb with other codesby encoding,e.g., re-
quirementsor exclusionconditionsfor usingcodeb . A code
is calledconstructibleor valid within agivenorder m if ef`@bdc
evaluatesto true under m . All codesof a possiblysupple-
mentedorder must be valid in a constructibleorder, non-
constructibleordersarerejected.

Parts list generation. The partslist is hierarchicallystruc-
tured using modules, positions and variants. Parts are
groupedinto modulesdependingon functionalandgeomet-
rical aspects,positionscontainmutuallyexclusivealternative
parts,calledvariants,for eachinstallationpoint. A part i is
selectedbasedon thepartselectionformula gl`�ijc associated
with it: if gl`�idc evaluatesto true underthecheckedandpos-
sibly extendedorder m , thenpart i is includedinto thebill of
materialsfor m .

Supplementingrules:ndo o bqp psr
tu_a`@bdcwvxb
Constructibilityrules:yzo o bqp p{r�t|b}v~eh`@bdc
Productoverview:��� r�t��������� n�o o bqp p�� yzo o bqp p��
Part selectionrules:� o o iqp p{r�t|gl`�idc
Ordervalidity for order m :m��t ���
Selectionof part i for order m :m�� t � o o iqp p

Figure2: VerificationSemanticsof Rules.

Wewill now introduceanotationfor rulesemanticswhich
aimsat describingthe whole setof constructibleorders,i.e.

formulaof therule andtherule itself.



theproductoverview, in onepropositionalformula. This se-
mantics� is a logical formalizationof theDIALOG/E behavior.
It is notemployedwithin DIALOG/E, e.g.to checkindividual
orders,but is very helpful to expressconsistency assertions
aboutthe rule baseasa wholeaswell asfor thehandlingof
temporalchange.In this context thesemanticsof a rule is a
propositionalformula,andis denotedby

o o�� p p . So,e.g.,
yzo o bqp p

denotesthesemanticsof constructibilityrule eh`@bdc . Figure2
shows theformal definitionsof therule semantics,aswell as
somederivedformulaedescribingimportantproperties:For-
mula

���
describesthe productoverview, i.e. the setof all

constructible,fully supplementedorders.This setis charac-
terizedby the propertythat for eachcode b out of the set �
of all availablecodesasatisfiedsupplementingformula _k`@bdc
includesthesupplementedcodeb , andif acodeb is partof an
order, thenits constructibilitycondition ef`@bdc holds. There-
fore, anorder m is constructibleandfully supplementedex-
actly whenit is a logical modelof

���
, i.e. when m�� t ���

.
Similarly, part i is includedin thebill of materialsfor orderm if m�� t � o o i�p p .

Note thatwith this encodingwe arealreadyableto detect
partswhich arenot usedby any possibleconstructibleorder:
If theformula

��� � � o o i�p p hasno logicalmodels,i.e. is unsat-
isfiable,thenpart i is neverused.

We will now turn to documentationat the manufacturing
stageandexplain the extensionsrelative to the engineering
documentationjust presented.

2.2 Documentationat the Manufacturing Stage
Themaindifferencebetweenengineeringandmanufacturing
documentationis theinclusionof time dependenciesinto the
latter. Within DIALOG/P this is accomplishedby addinga
validity time interval andtiming controlcodesto eachruleof
theDIALOG/E system.

In DIALOG/P, a rule gl`@��c with index2 � is therefore
equippedwith avalidity time interval� `@�!c�t�`@����`@�!c ���%¡¢`@��c�c
with ����`@�!c¤£¥�%¡w`@�!c , indicating the soonestand latest time
at andbetweenwhich rule gl`@�!c is valid. An invalid rule is
interpretedasswitchingoff supplementation,constructibility
or part selectability. To enablemorecomplex temporalpro-
cessessuchasthe phasingin andout of parts,eachrule ad-
ditionally owns a startinganda stoppingcontrol code e¦ek�
resp. e�e§¡ , which allows to override the time interval lim-
its. Intuitively, themeaningis asfollows: Rule gh`@�!c is valid
even beforethe startof the specifiedtime interval, provided
that thestartingcontrolcode e�e���`@�!c is presentin theorder.
Analogously, rule gh`@�!c is invalid even beforethe endof the
time interval, assoonas the stoppingcontrol code e¦e�¡¢`@��c
occursin theorder. Theexactformal time-dependentseman-
tics of the rules—asabove in the context of verification—is
shown in Figure3.

Thegeneraltime-dependentsemantics
o o g¨�����©�	p p of formulag at index � generatesaformula g�ª representingtheinterpre-

tationof rule gl`@��c at time � . Beforethestartingtime ��� of the

2The index is either the code,prefixed by «�¬ or ­d¬ to indicate
referenceto constructibilityor supplementation,or thepartnumber.

Timedrule semantics:

o o g¨�©�����%p p{r�t ®¯¯° ¯¯±
g²�³e¦ek��`@�!c��´�e¦e�¡¢`@�!c if �§µ¶����`@��c ,g²�{´we�e§¡w`@�!c if ����`@�!c�£¶��µ¶�%¡w`@�!c ,·

if �§¸¶�%¡w`@�!c .
Supplementingrules:ndo o b��©�	p psr
t o o _k`@bdc �¹_¢º b��©�&p pdvxb
Constructibilityrules:yzo o b��©�	p psr
t|b³v o o eh`@bdc �¹e»º b����&p p
Productoverview:��� o o �	p psr
t�����¼��� ndo o b����	p p�� yzo o b����	p p��
Part selectionrules:� o o i����	p p{r�t o o gl`�ijc �&i��©�&p p
Ordervalidity for order m at time � :m��t ��� o o �	p p
Selectionof part i for order m at time � :m�� t � o o i����	p p

Figure3: VerificationSemanticsof TimedRules.

rule,it is only valid if thestartingcontrolcodee¦ek� is setand
thestoppingcontrolcodee�e§¡ is not set.Between��� and �%¡
therule is valid aslongasthestoppingcontrolcodeis notset,
andafter �%¡ therule is nevervalid. Note,thatalthoughanin-
valid rule’s formula is alwaysequivalentto

·
, interpretation

of the whole rule candiffer. So an invalid formula in sup-
plementingrule _k`@bdc generatesthe rule semantics

· v½b
which is equivalent to ¾ , and thusswitchesoff the supple-
mentationof code b . On the otherhand,an invalid formula
in a constructibility rule ef`@bdc generatesthe rule semanticsb³v ·

or, equivalently, ´¿b , whichexcludescodeb from any
order, thusswitchingoff constructibilityof code b . Product
overview, ordervalidity andpartselectionarestraightforward
extensionsof their untimedcounterparts.

Therearethreefinal remarks:First, therangeof thestart-
ing andstoppingtimes ��� and �	À is extendedby thepseudo-
values ÁzÂ and ÃÄÂ in order to modelunboundedtime in-
tervals. Second,if thecontrolcodesarenot set,they areini-
tializedto theirdefault value

·
. Soin thecaseof unspecified

controlcodes,wegetasimplifiedtimedrule semantics:o o g¨�����©�	p p³tÆÅ g if ����`@�!c§£¶��µ¶�%¡w`@�!c ,·
otherwise.

And third, by usingtheextendedindices _wº b and ezº b in the
semanticsof thesupplementingandconstructibilityrules,we
allow differenttiming behavior for thetwo kindsof rule.

How thesetimedrulesareusedto specifytypicalsituations
of changewill now beshown.



3 Typical Scenariosof Change
Many yearscan passbetweenthe first prototypeof a new
productand the last time an instanceof it is manufactured.
It is not surprisingthat during this periodof time the prod-
uct itself aswell astheproductionenvironmentmaychange
considerably. All this hasto bereflectedin theproductdoc-
umentationfor manufacturing. Amongstthe many possible
changesaproductandits productionprocesscanundergo,we
exemplarilypick out threesituationsthatmakeupahugepart
of thechangesin our caseof theautomotive industry. These
arepart exchange,equipmentcodestart-upandrunout,and
assemblyline reconfiguration.Thesescenarioscoverchanges
of both theproductandtheproductionenvironment,aswell
asmodificationsof theproductoverview andthepartslist.

3.1 Part Exchange
Thereasonsthatmaketheexchangeof partsnecessarycanbe
manifold, e.g. technicalprogress,changebetweenin-house
productionandexternalprocurement,or changeof the sup-
plier. Theway in which theexchangeis performedmayalso
vary. Theremight be a cut-off dateat which part i�Ç is re-
placedimmediatelyby part iÉÈ as is depictedin Figure4a).
Or theexchangehasto take placeover a periodof time dur-
ing which bothvariantswith eitherpart i�Ç or part iÉÈ have to
be manufactured,andfor eachproductinstanceit is exactly
determinedby controlcodeswhich of thetwo partshasto be
used,asis shown in Figure4b). A third possibility, whichwe
will not considerhere,is that thenew part iÉÈ hasto beused
assoonaspart i�Ç runsout of stock.
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Figure4: PartExchange:a)FixedTime b) Overlapping.

Fixed-timeas well as overlappingpart exchangecan be
modeledeasily with the control codeand time interval ad-
ditionsof DIALOG/P.

In thefixed-timecasewe get the following conditionsfor
theselectionrulesof partsi�Ç andiÉÈ to modelapartexchange
at time � Ç : �%¡¢`�i�Ç¹c�t � Ç ����`�ijÈæc t � Ç º
Theothertime values����`�i�Ç¹c and �%¡¢`�ijÈ c maybesetto sensi-
blevaluesarbitrarily, thecontrolcodesareleft unspecified.

To modelan overlappingpart exchangewe needsupport
from thecontrolcodes.Leaving thestarttime of theoverlap

interval open,andassumingtheendof theoverlapat time ��È
weget: �%¡�`�i�Ç¹c�t ��È ����`�iÉÈ c t ��Èe�e§¡w`�i�Ç¹c�t b�� e�e���`�iÉÈ c t b��ï�
whereb�� is thecontrolcodeof theoverlap,i.e. all orderscon-
taining b�� usepart ijÈ , ordersnot containingb�� usepart i�Ç .
Again, the remainingtime valuesmaybesetto any suitable
value, the control codesnot mentionedare left unspecified
andthusdefault to

·
. If theinterval starttime is to befixed,

thishasto becontrolledusingtheconstructibilityruleof con-
trol code b�� . Adding ����`&e»º b��©c t~� Ç we get the behavior
depictedin Figure4b).

3.2 Equipment CodeStart-up and Runout
We now turn to thenext scenarioin our presentationof com-
moneventsof change:thestart-upandrunoutof equipment
or controlcodes.New equipmentcodesmayshow up aspart
of thecontinuousdevelopmentof products.Otherequipment
codesmay run out becausethey are not requestedby cus-
tomersany moreor they have beenintegratedinto standard
packages.Most of thesechangesaretriggeredby the engi-
neeringor even the salesdepartment.This is in contrastto
thecaseof timing controlcodes,whicharesetby theproduc-
tion department,mainly to handlemodelyearchange.Model
year changeis an important issueand requiresa lot of re-
documentation,asusuallyquitesubstantialpartsof theprod-
uctchangefrom oneyearto another. Mostof theoverlapping
partexchangesmentionedabovestemfrom thismodification.

What makescodestart-upandrunouta non-trivial docu-
mentationtask is that the high-level changesof the product
overview influencethe low-level partstructurevia theselec-
tion rules. In caseof startingandstoppingcontrolcodesthe
directinfluenceis clearlyvisible,but thismaynotbethecase
for othercodes,or if a timing control codeis usedinsidea
rule.

Suchinduced,dependentchangesare often very hard to
detect,ascanbe seenfrom the following example: Assume
a part i with an unrestrictedvalidity time interval

� `�idc t` ÃÄÂ � Á¦Â c andno timing controlcodes,andaselectionrulegl`�idc t b}�
	 . Furthermore,let the constructibility rule of
codeb be ef`@bdc�t�� andassumeanintendedcoderunoutfor
code � at time � Ç , i.e. �%¡w`&e»º
� ckt � Ç . Thenafter � Ç , i cannot
be part of a valid order, sincerunoutof � inducesinvalidity
of codeb , which forcestheselectionrule of i to false.

What makestheseinducedrunoutpartshardto detectfor
the documentationpersonnelis that the codesplannedfor
runoutneednot occurin thepartselectionrule. Besides,for
complex products,differentpersonsmay be involved in the
documentationof change.Automaticsupportby an EPDM
systemto find suchinducedrunoutpartsis thereforehighly
desirable.Wewill presentourapproachto solvethisproblem
below.

3.3 AssemblyLine Reconfiguration
Thelastscenarioof changewehavea look at is to its greatest
partcausedby modificationsof theproductionenvironment.
For instance,assemblylines are reconfiguredfrom time to



time to adaptthemto theactualproductionload. Not sofre-
quent,� but entailingconsiderablechangesof thedocumenta-
tion, is themovementof wholemodellinesor partsof them
from oneassemblyline to another, or evenbetweenplants.

Thechallengesfor the documentationpersonnelaresimi-
lar to the caseof equipmentcodechange,but they often go
even beyond. The main problemis to determinethe influ-
enceof thechangeto thepartslevel, with thesameobstacles
emerging asmentionedabove.

Moreover, at least in our case,somechangesare not—
or not early enough—documentedor even cannotbe docu-
mentedat all within theEPDM system.This posestheprob-
lem of handlingundocumentedchange.For the purposeof
verification, we thus needan external formalism to specify
certaindocumentationchangesthatcannotbehandledby the
EPDM systemitself.

4 Two Methods to DetectInduced Changes
Wenow turnto thequestionhow theabovementionedinduced
changeson the part level canbe determined.Our approach
is asfollows: Using the timed semanticsdevelopedin Sec-
tion 2.2 we canconvert theproductoverview into a time de-
pendentpropositionalformularepresentingall constructible,
fully supplementedordersat time � . This formulais thebasis
for formulatingmany criteriaconcerning,e.g.,consistency of
theproductdocumentationor unnecessaryparts.Detailscon-
cerningmaintenanceof the productoverview’s consistency
canbe found elsewhere[Küchlin andSinz, 2000]. Criteria
generatedin this way arepropositionalformulae,which we
thentestfor validity or satisfiabilitywith conventionalpropo-
sitionalproversor SAT-checkers.

We will now presenttwo methodsto identify changeson
thepartslevel. Thefirst is suitablefor documentedchanges
atafixedpointof time,whereasthelattercanalsohandleun-
documentedmodificationsof theproductoverview andcope
with time intervals.

4.1 The ��� -Method
With the ��� -method we can determinewhich parts be-
comesuperfluousresp.areadditionallyneededafteracritical
changethat is alreadyknown to occurat a fixed time ��� in
thefuture,andwherethechangeis alreadydocumented.The
procedureworksin threesteps:

Step1: Determinetheset � Ç of neededpartsjustbefore��� :
� Ç�t��©i���� � ��� o o ��� Ã � p p � � o o i��©��� Ã � p p�� n���� 3 �

Step2: Determinetheset � È of neededpartsjustafter ��� :
� Èat���i���� � ��� o o ��� Á � p p�� � o o i������ Á � p p � n!�"� �

Step3: Computethedifferences_ t � Ç # � È and $ t � È%#
� Ç .

The resultingsets _ resp. $ give thesetsof partsthatare
superfluousresp.are additionally neededafter the change.
The parameter� hasto be chosensuchthat only the criti-
cal changefalls into the time interval `@��� Ã � ����� Á � c . Note,

3 &(' ) denotesthesetof all satisfiablepropositionalformulae.

that this is—at least theoretically—alimiting factor of the��� -method,as it may be impossibleto separatethe critical
changefrom other changes. In practice,this effect occurs
rarelyastheprimaryinterestis in thesituationafteraccumu-
latingall changesat thecritical time ��� .
4.2 The 3-Point Method
In contrastto the ��� -method,the3-pointmethodis capable
of handlingdocumentedaswell asyetundocumentedchange.
This is accomplishedby providing an external(with respect
to theEPDMsystem)formalismfor specifyingchanges.The
changesthatareexpressiblewithin this formalisminclude:* Equipmentor controlcodesbecomingvalid or invalid.* Arbitrary codecombinationsbecominginvalid.

In our formalism, changesare specifiedas modifications
of the productoverview. This obviously implies a modifi-
cationof the productoverview’s semantics.We denotethe
changedsemanticsby

���,+ o o �.- � $ �©�&p p , where�.- is thesetof
codes,for which theconstructibilityandsupplementingrules
areignored, $ is theadditionalsideconditionformula. The
changedsemanticsis definedby���/+ o o �.- � $ �©�&p p{r�t $ � ����¼�10��32 � ndo o b����%p p�� yzo o b��©�	p p � º

Validation of an invalid code b , i.e. a code with con-
structibility rule eh`@bdc{t ·

, can be achieved by including
codeb into thesetof validatedcodes�.- . If it shouldbenec-
essary, a new constructibility or supplementingrule can be
specifiedas conjunctive part of formula $ . Invalidation of
codes,aswell asadditionalsideconditions,arespecifiedby
conjunctively addingformulaeto $ , e.g. ´¢b to indicatecodeb gettinginvalid.

Having now briefly introducedour external specification
formalism,wenow turn to describingthe3-pointmethod.

For the3-pointmethod,two pointsin time, �54 and � Ç , have
to befixedbetweenwhich theundocumentedchangesshould
occur. Moreover a modified product overview semantics���,+ o o �.- � $ ���	p p with a fixed set �.- anda side-conditionfor-
mula $ , asintroducedabove, is employed to reflect/indicate
undocumentedchanges.The3-pointmethodis composedof
four steps:
Step1: Determinetheset �7698 of neededpartsat time �54 , i.e.

beforethechange:

��698 t��©i���� � ��� o o �54ïp p�� � o o i��©�54ïp p � n!�"� �
Step2: Determinetheset ��6;: of neededpartsattime � Ç with-

out undocumentedchanges:

��6;: t��©i���� � ��� o o � Ç�p p�� � o o i��©� Ç�p p � n!�"� �
Step3: Determinetheset � +6;: of neededpartsat time � Ç , in-

cludingundocumentedchanges:

� +6;: t���i���� � ���/+ o o �.- � $ ��� Ç�p p�� � o o i���� Ç�p p � n!��� �
Step4: Computethedifferences

$ Ç<4�t ��6;: # ��698 _¢Ç=4Ät �7698 # ��6;:
$ + 4�t � +6;: # ��698 _ + 4Ät �7698 # � +6;:
$ + Ç�t � +6;: # ��6;: _ + Ç�t �76;: # � +6;:



Here, e.g., $ Ç=4 indicatesthe additional parts neededat
time � Ç , ignoringundocumentedchanges,relative to theparts
neededat time �54 . The relationshipbetweenthe threesets
of partsandthe differencesetsaregraphicallyillustratedin
Figure5.
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Figure5: The3-PointApproach.

So to find out what is the impact of an intendedprod-
uct overview changeon the part usage,we have to take a
look at the differencesets. The sets $ + 4�­�_ + 4 indicate the
overall changebetween�54 and � Ç if the intended(undocu-
mented)changereally is performed,includingall changesin-
ducedby alreadydocumentedevents. Using the difference
sets$ + Ç�­�_ + Ç thechangesinducedat time � Ç by theundocu-
mentedmodificationsalonecanbedisplayed.Moreover, and
similarto the ��� -method,thesets$ Ç<43­¼_wÇ<4 only show theim-
pactof alreadydocumentedchangesduringthetime interval`@�54¼�©� Ç¹c .
4.3 Discussionof Both Methods

Comparingthetwo methods,the �»� -approachoffers thead-
vantageof easyhandling.To find out theimpactof a change
on theparts’world only thepoint of time of this changehas
to bespecified.On theotherhand,theintendedmodification
alreadyhasto be documented,and the time of the change
hasto befixed. Whereasthis is usuallythecasefor planned,
regularly occurringeventslike codestart-upandrunoutdue
to model year change,this may not be the casefor other
productmodifications,e.g. by further productdevelopment.
Here the 3-point methodcan play out its strengthof han-
dling even undocumentedmodificationevents,however, at
the cost of increasedcomplexity in usage. This shows up
in theneedto specifythemodifiedproductoverview seman-
tics

���,+ o o �.- � $ ���	p p . In mostcases,though,theundocumented
changesfollow certainpatterns,so that specialcasesof the
modifiedsemanticsmay be pre-encodedandofferedasspe-
cializedtests.

Note that the 3-point methodproperly includesthe ��� -
method. As we have

��� + o o ® � ¾ �©�	p p t ��� o o �	p p , by setting� 4�¯¹Ç t¥��� � � in the 3-point method,we get a specializa-
tion equivalent to the �»� -approach. In this casewe have
� +6;: t ��6;: andonly the differencesets $ Ç=4 and _¢Ç=4 areof
interest. Anotherweaknessof the ��� -methodalreadymen-
tionedin Section4.1 is thatseparationof two eventsmaybe

impossible. The 3-point methodallows handlingof sucha
caseby re-modelingtherelevanteventsexternally.

4.4 Mapping of Typical Cases
We will now show how to map two importantscenariosof
changeto ourverificationformalisms.

Our first casehandlesequipmentcodestart-upandrunout
causedby model year change,for which we use the ��� -
method.Model yearchangeusuallyis accompaniedby lots
of changes,mainly on the partslevel, but also to a smaller
fraction on the productoverview level. During an overlap-
ping interval both modelsfrom the old and the new model
yearhaveto bemanufactured.Assumecodes°²± and °�³ are
responsiblefor controllingmodelyearchange,i.e. ordersfor
carsof the old modelyearareequippedwith code °�± , for
the new modelyearwith code °�³ . Assumefurther that the
modelyearchangeis fixed to take placeduring the time in-
terval `@�54¼��� Çïc . Theinterestingquestionis which partsarenot
neededany moreafter � Ç . In thedocumentationtherun-outof
theold modelyearis reflectedby code°�± becominginvalid,
as well as code °�³ becomingmandatoryat � Ç . Moreover,
somepartsmay happento have � Ç asa startingor stopping
time. Summarized,theruleschangingat time � Ç are:�%¡¢`&e»º °�± c�t � Ç �����`&_wº °�³ c�t � Ç with _k` °�³ c�t ¾ �
aswell aspartselectionrulesof partsi with either����`�ijc�t � Ç
or �%¡¢`�idcst¥� Ç . We thus set up the �»� -methodwith ��� t� Ç and get resultingdifferencesetsof $ and _ , indicating
additionallyneededandsuperfluouspartsafter theend � Ç of
the modelyearchangeoverlapinterval. Obvious startingor
stoppingparts(i.e. partswith ����`�idc�t � Ç or �%¡w`�ijc t � Ç ) may
additionallybefilteredout to getamoreconciseresult.

Let’snow turnto productionrelocation,whereweconsider
movementsof partsof theproductionfrom oneassemblyline
(or plant) to another. Of this two-sidedproblemof moving
in andoff, we concentrateon themove-off part. Sucha kind
of changecannot(easily)be handledwithin the DIALOG/E
system,asnot only individual codes,but arbitrarycodecom-
binations,representingthe fraction of the productionthat is
to berelocated,aregettinginvalid after thechange.Onebig
problemrelatedto productionmove-off is to determinethe
inducedpartsshift.

To handlethis case,we usethe3-pointmethodto find out
preciselythe inducedpartsshift. We set up � Ç as the ap-
proximatedtime of the relocationevent, and �54 as the cur-
renttime. Themodifiedproductoverview semanticsis setto��� + o o ® �¹´%´��©�	p p where ´ is a formula describingthe fraction
of theproductionto bemovedoff.

As anexample,let usconsiderthesituationwherethepro-
duction of cars containingthe motor variantsM1,M2 and
M5 in cunjunctionwith automaticgears(A) is plannedto be
moved off, but not for the destinationcountriesC1, C3 and
C4. Theformula

´ t ` M1 µ M2 µ M5 c�� $ �³´�` C1 µ C3 µ C4c
describesthis productionshift.

Theresultsdeliveredby the3-pointmethodaremanifold.
Perhapsthemostimportantpartsshift setsare$ + Ç�­�_ + Ç . They



indicatetheadditionalandsuperfluouspartsafter thereloca-
tion at � Ç relative to the situationat the sametime without
the relocationhaving taken place. If the overall changeon
the partslevel betweenthe currentsituation(at �54 ) and the
projectedsituationafter the relocationat � Ç , also including
alreadydocumentedproductchanges,is of interest,thenthe
differencesets$ + 43­�_ + 4 provide theappropriateinformation.

4.5 Verificational Aspects
To give an impressionof thesizeof problemsthathasto be
dealtwith, Table1 summarizessomecharacteristicalvalues
for threemodellineswehave investigated.

Line 1 Line 2 Line 3
#Codes 567 567 567
#C-Rules 554 347 594
#S-Rules 133 79 139
#R-Rules 9427 4461 10779�PO� 30826 15981 35342

Table1: Characteristicsof ThreeModelLines.

#Codesdenotesthenumberof codesoccurringin thedoc-
umentationof the model line. This numberis equivalent to
thenumberof differentpropositionalvariablesin theformu-
lae for theSAT-checker. The threelines#C-Rules, #S-Rules
and#R-Rulesindicatethesizesof thesetsof constructibility
rules,supplementingrulesresp.partselectionrulesatafixed
pointof time4. �PO� showsthesize(in logicalsymbols)of the
productoverview formula.

All of the above testsgeneratehugesetsof propositional
satisfiability(SAT) problems:two (in caseof the �»� -method)
resp.three(for the3-pointapproach)SAT-testsfor eachpart
selectionrule. Fortunately, mostof theseproblemsaresolved
by today’s SAT-checkers—aswell as by the prover imple-
mentationthat is part of BIS—in undera second[Küchlin
and Sinz, 2000]. For the rare long-runningexceptions,a
parallelizationapproachcan dramaticallyspeedup average
waiting timesfor individual proof results[Blochingeret al.,
2001].

5 Conclusion
We presentedtwo methodsfor computingthe influenceof
high-level productchangeson the partslevel, which is fre-
quentlyneededto keepproductdocumentationfor manufac-
turing in aconsistentstate.

Althoughwedescribedour ideasfrom theviewpointof the
automotiveindustry, weexpectourmethodstobetransferable
to otherindustriesaswell, especiallywhenlots of configura-
tion possibilitiesfall togetherwith largeproductionnumbers.

Ourprototypicalimplementation,which is partof theBIS5

project,is currentlyevaluatedatDaimlerChrysler’sSindelfin-
genproductionplantfor theMercedeslines.Weexpectvalu-
ablefeedbackfrom this pilot project.

4Missing constructibility rulesandsupplementingrulesare in-
terpretedas ¶ .

5Seealsohttp://www-sr.informatik.uni-tuebingen.de/pdm.
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