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Chapter 1

Intr oduction

1.1 Moti vation

Within the scopeof the PAID project,a Platform for Active InformationDisseminationwill be de-
veloped. This projectwas launchedby the GFS1 consortium,which is a partnershipof major IT
providers, a researchgroup, and, as the major client, the Daimler-Benz user group. The PAID
project is a collaborationbetweenthe TU Munich, the Carnegie Mellon University in Pittsburgh,
andMercedes-Benz.

Theframework developedby thePAID projectwill bea proof-of-conceptprototypeof its system
architecture.Theinformationthat is handledby this prototypewill betheMercedes-Benzaftersales
information,whicharefor examplespare-partscatalogues,servicedocuments,andinformationabout
individual vehicles.Theaftersalesdatais currentlygeneratedandmaintainedat theMercedes-Benz
headquarters.It shouldbe distributedto the dealersandworkshopsall over the world throughan
adaptive,selective,multicastnetwork developedwithin thatproject.

In the worst case,thereareonly low-bandwidthmodemlines connectingthe dealersandwork-
shopsto thenetwork. Thecentralaftersalesdatabasecurrentlycoversmorethan30Gigabytes,which
is too big as that major partscould be distributed throughtheselow-bandwidthlines. Instead,if
changesoccuron thatdatabase,a minimal amountof datashouldbedistributed.This wasthemajor
taskof this thesis:to developedananalyzertool which generatestheseminimal incrementalupdates
whichcanthenbedistributedthroughthePAID network.

1.2 The Task

As with all softwareprojects,beforestartingdesigningandimplementingtheanalyzertool, theexact
requirementshadto be found, thoughsomerequirementsweregiven: the analyzertool shouldbe
extensiblefor new typesof data;it shouldbewrittenin theJavaprogramminglanguage;andconcepts
shouldbeprovidedfor handlingexceptionalsituations.

As a major subtask,the processesof authoringand distributing aftersalesinformation within
Mercedes-Benzhadto be investigated. Of course,the datastructuresandcoherencehadto be ex-
aminedaswell, sincethey definetheinputof theanalyzertool. Thesetasksturnedout to bevery time
consumingastheknowledgeaboutaftersalesdataandtheassociatedprocessesis distributedamong
the staff anddepartmentsat Mercedes-Benzanddebis2. Also, therewasno documentationof the

1GFS= GlobalFieldSupport
2debisis asubsidiarycompany of theDaimler-BenzgroupdeliveringIT services.

4



CHAPTER1. INTRODUCTION 5

processesanddatastructuresfoundthatwassuitableto work oneselfin.
SincethePAID projectwasn’t yet launchedwhenthis thesiswasstarted,it hadto befiguredout

aswell which outputtheanalyzertool shouldgenerate.Shouldit producesomeform of updatesin
a specializedlanguage,shouldit just feedchangeddatainto a commercialreplicationmechanism,
shouldit justmarkwhichdatahadbeenchanged,. . . ?

Anotherquestionis, why sucha tool wasactuallynecessary. Why not useoneof thosemany
commerciallyavailabledatabasereplicationtechniquesfor thePAID project?

Theanswersto thesequestionscanbefoundin thisthesis,thenext sectionwill giveanoverview of
its structure.Themainfocusof this thesisis thedesignandimplementationof theanalyzertool anda
descriptionof theselectedaftersalesdatabases.Additionally, aconceptfor distributingchanges,called
’SmartUpdates’,will beintroducedasaproposalfor thePAID project.A rudimentaryimplementation
of that conceptfor the selectedpartsof the aftersalesdatabasesis alsopresentedtogetherwith the
implementationof theanalyzertool.

1.3 Overview

Thefollowing is anoverview of thechaptersincludedin this thesis:

Chapter 2, StarNetwork and the PAID Project describesthe currentdistribution channelsfor af-
tersalesinformation,and the problemswith thosewhich led to the developmentof StarNet-
work. It furtherexplainswhich improvementsarehopedto bebroughtto StarNetwork by the
PAID project. It alsotells which particularpartsof theaftersalesinformationwereselectedas
referencedatabasesfor theproject.

Chapter 3, Origination of aftersalesdata describesthe authoringsystemsfor the aftersalesinfor-
mationusedwithin the MercedesBenzheadquarters.It alsoexplainshow the datamakesits
way into thecentralStarNetwork database.

Chapter 4, Datamovementswithin the PAID Network introducesmy conceptfor distribution of
changescalled ’Smart Updates’. First, somerequirementsfor datareplicationsystemsare
elaborated.Thenthe major databasereplicationtechniquesavailablearepresented,andit is
explainedwhy thosedo not fulfill the requirements.After that, it is shown how theproposed
conceptmeetsthe requirements.The rudimentaryimplementationof this conceptproduced
within thescopeof this thesisis presentedat theendof thatchapter.

Chapter 5, The AftersalesData describestheaftersalesdatastructuresof theselectedpartsof the
databasein all detail. It alsoshows how the datais convertedto the new format usedby the
StarNetwork applications.It is explainedhow thedatacanbesubdividedandcustomizedto the
needsof theindividualenduseraswell.

Chapter 6, Analyzer Designand Implementation describesthe architectureof the analyzertool.
Also, theupdatesfor the individual partsof theaftersalesdatabaseandtheir generationis de-
scribedin detailwithin thatchapter.

Chapter 7, Installation and Usage explainshow thedevelopedtoolsareusedtogetherwith thesam-
pledataprovided.



Chapter 2

The PAID Project

This chapter describesthe curr ent distrib ution channelsfor aftersalesinformation, and the
problemswith thosewhich led to the developmentof StarNetwork. This is a unified application
framework for aftersalesapplications,which will make the aftersalesinformation accessiblevia
the internet. It will be explainedwhich impr ovementsare hopedto be brought to StarNetwork
by the PAID project.

2.1 As-isSituation

Within Mercedes-Benz,aftersalesinformation is createdand distributed by different departments.
Themajorinformationsourcestodayareservice,parts,andvehicledocumentation.Dependingonthe
typeof informationthecompany utilizesa varietyof differentdistributionchannelsfor aftersalesin-
formation.Table2.1showsthemainaftersalesinformationtypes,therespectiveenduserapplications
anddistributionchannels.

Information Type Application Distribution Channel

Service Information WIS CD−ROM, PAPER, Microfiche

Diagnosis Information DAS CD−ROM, PAPER, Microfiche

Parts Information EPC CD−ROM, PAPER, Microfiche

Vehicle Information FDOK ONLINE, CD−ROM

Car Configuration Data MBKS CD−ROM

Standard Texts & Flat Rates ASRA CD−ROM, FILE

Damage Codes VEGA ONLINE, CD−ROM

Table2.1: Currentdistributionchannelsfor aftersalesinformation

Thesedistribution channelsare typically very reliable but also very slow and inefficient. For
instancethedistribution of service,parts,andvehicleinformationto theworldwideMercedes-Benz
salesorganizationis donevia a monthlypublishedsetof 15 CD-ROMs. This informationis already
partiallyoutdatedwhenit getsto thedealer.

Todayandin the nearfuture Mercedes-Benzis extendingits businessin termsof new product
lines(A-Class,M-Class,etc.) andnew modelsof alreadyexisting productlines(S-Class,etc.). The
amountof aftersalesinformationis increasingdueto the introductionof thesenew products.With

6



CHAPTER2. THE PAID PROJECT 7

the introductionof new aftersalesinformationsystemsadditionalinformationdistribution channels
arecreated,which finally leadto a proliferationof informationdistribution channels.All this makes
theinformationmanagementprocess(creation,publishing,distribution,etc.) from a technologyand
managementpointof view morecomplex andexpensive.

Today’s informationdistribution channelsare too slow andinflexible to meetthesedemanding
businessrequirements.

2.2 StarNetwork

Mercedes-Benzis currentlydevelopingtheStarNetwork applicationframework. This will bea com-
monframework for thevarioustypesof aftersalesapplicationsmentionedin thelastchapter.

It is designedasa client-server application,usingJava asthe implementationlanguagefor both
theclient andtheserver. Theclient part,which runswithin an internetbrowser, accessesoneof the
serversremotelyvia theMercedes-Benzintranet,extranet,or via theinternet.

The databasesstoring the aftersalesinformationare only accessibleto the servers. Theseare
locatedat theDaimler-Benzheadquartersandat theso-calledMLCs, which provide theserversfor
majordistributionareas.An examplefor this is MBNA, Mercedes-BenzNorthAmerica.

As will be shown in the next section(3.1), incrementalupdatesto the aftersalesdataare not
availablefor all aftersalesinformationtypes.Instead,datais updatedusingsnapshots.Becauseof the
sizeof thesesnapshots,averyhighbandwidthsatellitebroadcastwill beusedto distributetheupdated
datafrom theheadquartersto theMLCs.

2.3 The PAID Project

TheStarNetwork solvestheproblemsof outdatedaftersalesinformationandtheproliferationof dis-
tributionchannelsmentionedin section2.1. But a pureonlinesolutionintroducesnew problems:the
network andtheserversareperformancebottlenecks,andmaysuffer from outagesaswell.

ThePAID projectwill provideaninformationdistributionplatformwhichwill enablethebranches
to uselocal databasesfor the StarNetwork applicationsadditionallyto the onlineaccess.The most
usedinformationis distributedto the world-wide salesorganizationusingthe PAID platform. The
combinationof onlineandlocalaccessoffersthebesttradeoff betweenup-to-datecontentandreliable
andfastaccess.

2.4 SelectedAftersalesInformation Types

ThePAID prototypewill focusonasubsetof theapplicationsrunningunderStarNetwork. Theappli-
cationswhich arecurrentlyimplementedin theStarNetwork framework areStarPartsandStarIdent.
Theformerprovidesinformationaboutspareparts,andwill replacethelegacy EPC(ElectronicParts
Catalogues)application.Thelatteris a replacementfor theFDOK application,which providesinfor-
mationaboutindividualvehicles.

Thesetwo applicationstogetherwith therespectiveaftersalesdatabasesareusedfor thePAID pro-
totype,andthereforealsofor theanalyzertool developedwithin this thesis.Thetaskof theanalyzer
tool will beto generateminimalupdateswhenchangesto thesetwo aftersalesdatabasesaremade.



Chapter 3

Origination of AftersalesData

This chapterdescribestheflow of information for theselectedparts of theaftersalesdatabase.
It explainswherethe data usedwithin PAID and StarNetwork comesfr om and why the analyzer
tool is necessary.

3.1 Electronic Parts Catalogues(EPC)

As alreadymentionedin the last chapter, the electronicpartscataloguescontaininformationabout
which partsarebuilt into themany vehiclevariants.Thesesparepartsdatabasesarebuilt up asearly
asduringvehicleconstruction.Chapter5 containsa detaileddescriptionof thedatastructuresused
for storingthecatalogues.

Today, threedifferentauthoringsystemsfor thissparepartsinformationcoexist within MB:

� ELDAS, which is now a legacy system

� DIALOG, thenew systemfor cars

� TINA, thenew systemfor utility vehicles

Along with the introductionof new authoringsystems,therewerealsochangesin theway a vehicle
wasmodeledandthesparepartswereorganized.

It is plannedthatall informationfrom theseauthoringsystems,andothertypesof aftersalesin-
formation not mentionedhere,are collectedat a centraldatabase,called the MercedesAftersales
Database(MAD). This is doneto avoid theproliferationof interfacesbetweenthedifferentauthoring
anddistributionsystems.See[MAD98] for detailson this.

Figure3.1illustratesthecurrentsituationfor generatinganddistributingaftersalesdataatMercedes-
Benz,with focuson thesparepartsdata.

ELDAS

This is theoldestauthoringsystem,which wasinitially designedto producemicrofiches.It’ s under-
lying databaseis a veryold Adabasdatabasesystem.

Thedatageneratedwith thissystemhasa semiformalcharacter. Often,rulesandconnectionsare
describedwith naturaltext only. Becauseof that, this softwarewascharacterizedasa ’betterword-
processingsoftware’. Automaticprocessingof this textual datacanbevery difficult at someplaces,
includingconsistency checks.

8



CHAPTER3. ORIGINATION OFAFTERSALESDATA 9

MAD

ELDAS DIALOG TINA

parts authoring and database systems

RGBG

images

B & H

microfiche CDs

planned

StarDB

StarNetwork database 
for online access

snapshots

images

OCR

image
directories

Figure3.1: Sparepartsinformationauthoringanddistributionwithin Mercedes-Benz

Thepartscataloguesgeneratedby thissystemaredividedup into thosefor ’models’andthosefor
’specialversions’. A specialversioncatalogcontainsonly the differencesto the modelit wasbuilt
into, which is calledthe’positive-negative’ documentationmethod.This is becausea specialversion
catalogcontainsnot only thepartsusedfor thespecialversioncomponent,e.g. anair conditioning
system,but alsonamesthe partsfrom the modelcatalogwhich arenot used(’negative’) whenever
thatspecialversionis used.

Thisauthoringsystemmakesuseof a ’functionaldecomposition’of avehicle.Thepartsbuilt into
a vehiclearedivided up into ’constructiongroups’. Functionaldecompositionmeansthat partsare
groupedtogetherby their function,not by their physical location.Examplesfor constructiongroups
includeelectricalwiring, brakingsystem,wheels,doors,. . . . This decompositionis not very useful
whenusedwithin animagebasedpartidentificationprocess.Partswhicharebuilt togetherwill appear
ondifferentillustrations,e.g.onewill find thebrakesona differentpicturethanthefront axle’sparts
they aremountedon.

The ElectronicParts Catalogueswhich are currently distributed on CD and Microfiche to the
branchesareproducedfrom theexport formatgeneratedby this system.Thatexport formatis called
the’interfaceELDAS to EPC’,andis describedin all detailsin [ELD97]. Also, thedatabaseschema
usedwithin the STARNETWORK databaseStarDBis entirely baseduponthat export format. See
5.2.8for detailson how theStarDBrelationaldatabaseschemais generatedfrom this export format.
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As I heardrecently, it is plannedto put thesparepartsdatacomingfrom Chrysler, a new partnerof
Daimler-Benz,into thisdatabaseschemaaswell.

DIALOG

This is thenew systemusedfor creatingpartsinformationfor passengercars.It is currentlyusedfor
thenew A-Class,andprobablyfor thenext generationof carsunderconstructionwhile I’m writing
this. The paradigmusedfor documentingvehicleswaschangedquite a lot. The new methodused
is calledBCT. This is anabbreviation of ’Baureihe-Code-Teil’, which meanstranslated’model line
- code- part’. Theclassificationinto vehiclemodelshasbeendropped.Eachpart is assignedsome
codes,which specifyunderwhich conditionsa partwasbuilt into a vehicle. A car is seenasa com-
positionof componentsandsubcomponents.Thegroupingof componentsis basedon their physical
location,asopposedto thefunctionaldecompositioninto constructiongroupsusedby ELDAS.

To makethisnew schemecompatiblewith theEPCsystem,thereis awayto simulatethedivision
into modelsby usingsomecombinationsof fivecodes.Amongthesearee.g.thecodesfor theengine
andacodedescribingwhetherthesteeringis on theleft or right side.

Thedistinctionbetweenmodelsandspecialversionshasbeendroppedaswell. A caris justbuilt
up usingalternativecomponents.So,this new methodis a pure’positive’ documentation,in contrast
to the’positive-negative’ documentationusedby thelegacy ELDAS authoringsystem.

TIN A

This will be thenew systemusedfor utility vehicles,e.g. trucks. It usesyet anotherdocumentation
methodcalledBCS+which is anabbreviationfor ’Baureihe-Code-Stückliste’,translated:’model line
- code- partlist’. Similar to DIALOG, nomodelclassificationis doneanymore.But insteadof using
codesfor eachpart,acodeis usedfor selectinga list of parts.Thisproducesfewercodesthathave to
beevaluated,but alsosomeredundancy assomepartsmaybefoundin morethanonelist.

RGBG

The imagesfor the partscataloguesare currently originating in a separatesystemcalled RGBG
(RechnergestützteBildgestaltung- computeraidedimagedesign),which is locatedin a different
departmentaswell. Thereis asynchronizationgapbetweenthetextualdatacomingfrom theELDAS
authoringsystemand theseimages,as it is not always determinablewhich illustration set release
belongsto whichcatalogrelease.

Anotherproblemis thatimagesarenotunderanexplicit versioncontrol.Differentpartcatalogues
might implicitly referto differentversionsof thesameimage.Thisgetsevenworseastheold version
of the imageis simply overwritten. Someof the imagesreferredto by older cataloguesare only
availablebecausethey werearchivedby theexternaldistributorBell&Howell.

Sometimes,coordinationof imagereleasesis donevia telephone,considerthe exampleof an
engineercallingthedistributor: “Forgettheillustrationyougot lastweek,it containssomeerrors,use
thepreviousversionfor distribution”.

The imagescomingfrom RGBG are’tif f ’ imageswhich do not containany informationabout
which partsare shown on the image,and wherethe partsare locatedon the image. So an OCR
softwareis usedto recognizethepart imagesandimagenumbersfoundon a picture.SincetheOCR
softwarerecognizesonly 95%of theimagescorrectly, aspecialeditingsoftwarewasdevelopedwhich
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allowsa fastmanualcorrectionof errors.Becausethereareabout100,000images,manualcorrection
is achallengingtask.

Dataflow and distribution

Daimler-Benzengagedanexternalcompany, Bell&Howell, for thedistributionof aftersalesinforma-
tion to thebranches.Nowadays,it turnedout that thewholeknowledgeof processingthatdataand
even thequality assuranceprovisionshave beenoutsourcedto thatcompany. As alreadymentioned
earlier, theElectronicPartsCataloguesdistributedonCD arebasedon thelegacy ELDAS export for-
mat. Currently, 99%of thepartsdataweregeneratedwith theELDAS authoringsystem.This might
reduceto maybeabout95%in thenext few years,but it will continuebeingthemajorbulk of datafor
sometime. To avoid generatingevenmorecostswithin B&H for processinganddistributingtheparts
information,it is plannedto convert thenew datacomingfrom DIALOG andTINA backto thelegacy
formatdefinedby the ELDAS to EPCinterfacedescription[ELD97]. Even worse,thenew vehicle
linesmustbedocumentedcurrentlywith ELDAS in parallel.

The MercedesAftersalesDatabaseMAD was introducedamongmany other reasonsto solve
theseproblems.The databasewill be built up in several stages.Stageone,which shouldbe com-
pletedthis year, includesthe automaticconversionof the DIALOG/TINA databackto the ELDAS
format. Becauseof the differenthierarchicalviews mentionedwithin in the descriptionsof the au-
thoring systemsabove, this is a non-trivial task. The next stagewill introducea commonproduct
datamodel(PDM), which will hopefully bring all aftersalesinformationtogetherin oneconsistent
model.Also, incrementalupdateswill besupportedat sometime. Anotherobjectivewasto bring the
knowledgeof processinganddistributingaftersalesinformationbackto Mercedes-Benz.Well, seems
like ’insourcing’will eventuallybecometomorrow’svogueword . . .

Anotherproblemis themediumusedfor distributionof datato thebranchesandthesystemused
there.ThereareCD exchangersinstalledatthedealer’ssiteswhichcanhandleupto sevenCD-ROMs.
Thesearesharedamongthepartscataloguesandthevehicledatadescribedin thenext section.But,
of course,thesesevenCDsdon’t suffice anymoreto hold all thedata.As Mercedesrecentlytried to
remove databelongingto someof thevery old vehiclemodelsin orderto gain disk space,they faced
massive resistancefrom their dealers.It turnedout thattheworkshopsstill make a lot of money with
thosealmost-oldtimers.

Currently, the partsdatausedby StarNetwork is not taken directly from the ELDAS authoring
system,but asmonthlysnapshotsfrom thedistributor Bell&Howell. Onereasonfor this is that the
ELDAS systemis underloaddoing its daily work, which is for exampletheexport of changedcat-
alogues.Trying to export a majorbunchof cataloguesadditionallymakesthesystemcrash.So the
exportedchangedcataloguesaregatheredsinceFebruary1998,but mostof theseldomrevisedolder
cataloguesdid notcameoutof thissystemyet.

IncrementalUpdates?

Small incrementalupdatesto partscataloguesarenot supported.The ELDAS interfacedescription
mentionsan incrementcontainingonly thechangedconstructiongroups.But thatwould give rather
big increments,up to 100 KB compressedfor eachconstructiongroup wherea changeoccurred.
Theseincrementsarecurrentlygeneratedvery seldom,mostlyto do someerrorfixing aftera catalog
wasreleased.Onemusttake into accountaswell, that thebiggera catalogor constructiongroupis,
themoreoftenit will bechanged!
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For partrecords,thereis a tagassignedfor markingthemaschangedor new. But asI discovered,
thattagis notconsistentlyused,andcanonly beusedashint.

Consequence:The Analyzer Tool

Sinceit is a constraintfor thePAID projectthattheauthoringsystemsarenot touched,theonly way
to getsmallincrementsis to regeneratethemfrom thesnapshots.This is achievedby theanalyzertool
developedwithin thescopeof this thesis.

The main problemin generatinga smallerincrementbetweentwo cataloguesis, that the items
containedin the catalogueshave no absoluteidentity. Therefore,it is a non-trivial taskto find the
entriesin the old versioncorrespondingto that containedin the new version. This will get worse
whentheplannedconversionof thedatacomingfrom thenew authoringsystemsis complete,asthen
theidentity for theitemsis newly assignedfor eachsnapshot.Someheuristicswill have to beusedto
guesswhich itemsin thenew snapshotcorrespondto thatcontainedin thelast. Theexamplesfound
in section5.2.11will illustratetheproblem.

3.2 VehicleData - FDOK

ThevehicledatabaseFDOK containsinformationaboutevery vehiclebuilt since1986.Thedatabase
is a legacy IMS/DB hierarchicaldatabase.The vehicledatacardsstoredtherearemainly usedto
determinethe right sparepartsfor a vehicle. The vehicledatacardscontaininformationaboutthe
componentswhichwerebuilt into acar, for examplewhichengine,transmission,andspecialversions
wereused.A detaileddescriptionaboutthedatacontainedherecanbefoundin section5.3.

Historically, suchinformationwasavailableto the dealersandmechanicsin printedform only,
andwasplacedsomewhereinto thecar. Today, vehicledatais availableelectronicallyandis feddaily
from thefactoriesinto acentraldatabase.

Figure3.2shows thedataflow to andfrom theFDOK database.
Brancheswhich have 3270terminalsinstalledcandirectlyaccessthecentralFDOK hostsystem.

Not all terminalshave read-writeaccess. Certainfields in the datacards,e.g. the lock and key
numbers,areread-protectedaswell, for obvious reasons.The vehicleinformationis distributedto
thebrancheson variousmedia,including theCDswhich aresharedwith theEPCdata,microfiche,
andeven paper. In somecountriesthereis a local mirror databaseinstalled. The datais also fed
incrementallyinto theStarNetwork databaseStarDB.

Whenstoringall vehiclesproducedsince1986,StarDBwouldcurrentlyhaveanestimatedsizeof
21GB. I founda way to reducethis to about13GB, which I will presentin section5.3.3.

Feedbackand Data Consistency

Sincethevehicledatacardsshouldreflectthecurrentconfigurationof a vehicle,they shouldbeup-
datedwhenever relevantmodificationsaremadeto thevehicle. Thecurrentlyonly way to do this is
via 3270terminalaccess,whena workshophasthe necessaryequipmentandnetwork connection.
Even thenit is not guaranteedthat thevehicledatacardswill beupdated.It is estimatedthatabout
1/3of thevehicledatacardsarein someway inconsistent.

For utility vehiclesequippedby an externalvendor, this is even worse,asthe vehicledatacard
maybealreadyoutdatedwhenthevehicleis sold.

It is wishedthattheconsistency of thedatawith theactualconfigurationof thecaris improved. It
is plannedthatmaybeanautomaticfeedbackfrom a diagnosissystemto FDOK is realized.
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Figure3.2: Dataflow to andfrom FDOK database

Thereis a scrapmarkcontainedin thevehicledatacardsin theFDOK database.But this scrap
mark is seldomused,an examplefor this might be a total damageof a vehicle. Sincethereis no
automaticfeedbackwhena vehicleis put out of duty, this databasewill continuegrowing by about
1 million passengercarsand300.000utility vehiclesperyear, aslong asMercedes-Benzcontinues
producingvehiclesin theseamounts.

If avehicledatacardis notavailable,identifying theconfigurationof apassengercarmanuallyis
possible;for utility vehicles,this is generallyimpossible.A vehicledatacardfor autility vehiclemay
containinformationaboutmorethan1000differentspecialversioncomponentswith their respective
usagecount.

Puttingthevehicledatacardinto thevehiclein electronicform seemsto benot a goodsolution
for distribution. Theconfigurationof avehicleoftenneedsto bedeterminedwhenthevehicleitself is
notavailable.



Chapter 4

Datamovementswithin the PAID
Network

In thischapterI first describesomespecificrequirementsfor adatamanagementsubsystemof PAID.
In this context, someof the currentlyavailablerelationaldatabasereplicationtechniquesareexam-
ined. Why did I review thesereplicationsystemswithin this thesis? The reasonis that if oneof
the replicationtechniqueswould meetall essentialrequirements,theanalyzertool would only need
to apply the generatedupdateson the database,wherethe replicationsystemwould take over and
distributethem.It will beshown thattherequirementsarebettermatchedby analternativeapproach,
which I call ’SmartUpdates’.This chaptergivestheanswerto thequestionwhatoutputtheanalyzer
tool generatesandwhy.

4.1 Model of Dataflow within PAID Network

Figure 4.1 shows a model of the PAID network, which is a datadistribution tree. As this thesis
focusseson thedataflow andstorage,thenodesareshown asdatabaseicons.Notethatnot all of the
datais currentlystoredwithin a database,e.g. the imagesfor partscataloguesmentionedin the last
chapterarestoredwithin afilesystem.

At the top of the datadistribution treeis the centralStarNetwork databaseStarDBwhich holds
all of thedata.Updatesrespectively transactionsoriginatingtherearedistributeddown thetreeto the
lowestlevel, which might be a databasewithin a branch,or even a laptopholding a smallersubset
of thedatabase.Daimler-Benzmaintainsdatabaseserversat an intermediatelevel called’MLC’ for
countriesor regions.An examplefor thatis MBNA, Mercedes-BenzNorthAmerica.

The heightof the datadistribution treeis not fixed, asonline accessesaremadedirectly to the
centraldatabase,and,aswell, even a laptopcould principally serve asa sourcenodewhich could
transferupdatesto e.g.anotherlaptop.I usethenamessourcenodeandtargetnodehereasrolenames
for network nodes.As shown on the diagram,a network nodeon the intermediatelevel canact as
bothtargetandsource,dependingwhetherit is seenfrom thetopor bottomof thetree,respectively.

With PAID enabledStarNetwork, anusermayaccesslocalandremotedatasimultaneously. Sim-
plified, whenever datais not availablelocally, it is accessedon the remotedatabase.Thebenefitof
this is thatonly themostusedandcritical datahasto beinstalledlocally. As alreadymentioned,it is
not within thescopeof this thesisto describeall plannedfunctionalityof or all requirementsfor the
PAID project.

The connectionsbetweenthe nodescanhave very low bandwidth,e.g. modemor ISDN lines,

14
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Figure4.1: Modelof PAID network

whichareableto transferbetween1-8KB persecond.Thesizesof thedatabasesareabout10-30GB,
which is not to beseenasa limit. Thetotalnumberof network nodesis estimatedto about6000.

Usingthesamedatabasefor all nodeswithin thePAID network seemsto beimpossiblesincethe
databasesystemsusedfor thecentralStarDBandtheMLCs have differentrequirementsthanthose
installede.g.onalaptop.Theformerare’server’ databaseswhichmustbeableto handlethehighload
of queriesfrom usersaccessingthedatabaseonline. As opposedto that, the ’client’ databasesused
at smallerbranchesor on laptopsmustneedzeroadministration,sincea dealeror workshopusually
doesn’t pay a databaseadministrator. A databaseinstalledon a laptopmustalsohave a very small
memoryfootprint. It is aconstraintfrom Daimler-BenzthatOracleis usedfor theserverdatabases.

4.2 Requirementsfor Data MovementTechniques

Beforelooking into thedatabasereplicationtechniquesavailablefrom majorrelationaldatabaseven-
dors, I will list someof the specificrequirementsfor their usagewithin the PAID network. Most
of therequirementshave a generalnature,somearespecificfor relationaldatabasereplication.The
requirementsarecategorizedinto essential,non-essential,and’nice-to-have’ requirements.
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4.2.1 EssentialRequirements

The following arerequirementswhich I considerto be mandatoryfor a datamovementsubsystem
usedfor thePAID network. Thedatamovementsubsystemis responsibleamongotherthingsfor the
distributionof incrementalupdates.

No full refresh Thereplicationsubsystemmustnever requireor automaticallyinitiate a full refresh,
whichmeans,loadingthewholedataover thenetwork. Transferring20 GB over anISDN line
would takeasaminimumawholemonth,withoutconsideringany overhead.
Two casesmustbeconsideredunderthis constraint:First, it mustbepossibleto setupreplica-
tion to adatabasewhichwasalreadyinitializede.g.from CD. Second,evenin caseof a failure,
initiating a full refreshis notanoption.

Support for disconnectedoperation It mustbe possiblefor a nodeto be offline for e.g. 2 month,
and,afterthatperiod,receive thenecessaryupdatesto bring its localdataup to date.

Support for messagebasedoperation This means,thatonecane.g. usea messagingmiddleware,
Email,or simply files asa transportmediumfor replication.Thealternative is thatthereplica-
tion systemalwaysrequiresadirectTCP/IPconnectionbetweensourceandtarget.
Supportfor messagebasedoperationis necessaryfor two reasons:Thefirst is thetopologyof
the Daimler-Benzcorporatenetwork, wheremultiple and independentlyconfiguredfirewalls
make it difficult to impossibleto useuncommoninternetprotocolsandports. Second,not all
branchesandnodesarenecessarilyaccessiblevia aTCP/IPnetwork.
Supportfor messagebasedoperationis anecessarypreconditionfor broad-andmulticastingas
well: Youcanbroadcastamessage,but notapoint-to-pointprotocol.

Support for compression As experiencehasshown, compressionreducesthe size of updatesto
about3-5%,whichmakesit atall possibleto replicateoveramodemline in areasonabletime.1

Notethat this is a requirementfor theunderlyingtransportmechanism,not for thereplication
system.At leastaslongasthelatterdoesn’t requireusingits own transportmechanism.

Dynamic data partitioning Replicatingto atargetnodewhichhasonly asubsetof thesourcenode’s
datamustbesupported.ThePAID network learnsaboutwhatdatahasto bestoredon a node,
sothissubsetmustbechangeabledynamically.

Zero administration Sincea dealersellingcarsnormallydoesnot have any educationasdatabase
replicationadministrator, it mustbepossibleto executeall necessarysetupandrecovery steps
automatically.

Vendor independentreplication Thedatabasesusedby PAID shouldnotbelimited to onedatabase
vendor.

Support for multiple platforms SincePAID itself is platform independent,the replicationsystem
shouldnot belimited to only a specifictypeof platform(e.g. only server platforms/databases,
or limited to oneplatformvendor).

1Concretedataamountscanbefoundin thesectionsdescribingtheupdatesto theindividualaftersalesdatacategories.
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4.2.2 Non-EssentialRequirements

Thesearerequirementswhich thereplicationsubsystemshouldhave,but whicharenotessential.

Onestablequeue Sincewesupportdisconnectedoperation,it is notpossibleto distributeall updates
immediatelyandthenforget them. Soupdatesmustbestoredfor sometime. Only onequeue
shouldbe usedto storeupdateswhich arenot yet transmitted.The oppositeis a replication
systemwhich usesa stablequeuefor eachclient, or for eachdifferentsubsetof datawhich is
replicated.
To illustratethis with a realisticexample:Considera changeamountof 50 MB perweek(un-
compressed),and500 targetnodeseachholding a slightly differentsubsetwhich areoff-line
for aweek.Youwouldneed25GB diskspacewith areplicationsystemusingonestablequeue
persubset.
I consideredthis requirementto benon-essentialsincethatdiskspacemightbeavailableat the
placewherethatexampleis realistic,e.g.at theMLC level.

Efficient useof bandwidth This is especiallya requirementfor relationaldatabasereplication:The
systemshouldnotbelimited to transmittingthewholerow from adatabasetablewhenachange
occurredtherein.
As shown in section5.2.14aboutthe sizeof updatesto the EPCdatabase,transmittingonly
wholerecordscanbevery inefficient.

4.2.3 Nice-to-haveRequirements

Thesearerequirementswhichareuseful,but onecoulddowithout.

Support for broad-and multicast AlthoughPAID claimstobeamulticastnetwork, I think it should
besufficient for areplicationsubsystemto supportjust thehierarchicaldistributionof dataona
point-to-pointbase,without using’real’ multicastor broadcaston thenetwork layer. Point-to-
pointdistribution is, of course,supportedby all replicationtechniques.

Changeablesource If thesourcenodeusednormally is not availabledueto a server failureor net-
work outage,it shouldbepossibleto getcurrentdataandupdatesfrom anothernode.

4.3 Relational DatabaseReplication Techniques

TheStarNetwork projectteamalsoreviewedthereplicationtechnologiesof threebig databaseven-
dors:Oracle,Sybase,andIBM. Theresultwasthatnoneof thesereplicationtechnologieswouldserve
their businessneeds,which wereto supportat leastthe replicationto the MLCs over the corporate
network. As alreadymentioned,thedatais currentlydistributedvia satellitebroadcast.

Theinformationfoundin thesectionabouttheindividualreplicationtechniqueswastakenmostly
from themeetingsof theStarNetwork teamwith representativesof thesevendors.I addedsomeinfor-
mationI foundon theinternetaswell, includingthereplicationtechniquefrom PraxisInternational.

After shortlydescribingsomeaspectsof thereviewedreplicationtechnologies,andshowing in the
summarythatneitherof themmeetsall requirements,I will presentmy conceptof ’SmartUpdates’,
whichmeetsall of therequirementslistedabove.
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4.3.1 AsynchronousVersusSynchronousReplication

To avoid confusion,I will describeshortly the differencesbetweenasynchronousandsynchronous
replication. This is important,asthey arein many waysthe oppositeof oneanother. What we are
interestedin hereis asynchronousreplication.

Synchronousreplicationexecuteschanges(transactionsto beprecise)simultaneouslyon several
distributeddatabases.It thereforeoftenusesthequiteprominenttwo-phase-commitprotocolto guar-
anteethatno transactionis ever lostononeof thedatabases.

Asynchronousreplication(whichis alsocalledstore-and-forwardreplication)means,thatchanges
arenot simultaneouslyexecutedon thedistributeddatabases.Instead,changesaredistributedto all
databasesafter they wereappliedto at leastonedatabase.

Therefore,synchronousreplication-

� increasesprobability of unavailability, becauseif one databaseis not readyto commit, the
transactioncannotbeexecutedonany other,

� increasesresponsetime,ase.g.two-phase-commitneedsmorethanoneround-tripbetweenthe
databases,

� makesconflictingupdatesimpossible.

As opposedto that,asynchronousreplication-

� may increaseavailability, becauseif the datais storedfully redundant,it is sufficient for one
databaseto beonlineto allow clientsto accessthedata,

� maydecreaseresponsetime,asclientscanusethefastestaccessibledatabase,

� mayintroduceproblemsdueto conflictingupdates,considertwo clientschangingthelogically
samefield ondifferentdatabasessimultaneously.

Moreon this topiccanbefoundin [Syb98a].

4.3.2 IBM

Short Overview

IBM supportsthefollowing replicationscenariosfor theDB2 database,whicharevariationsof source
andtargetdatabasesandthepossibledirectionsof dataflow betweenthem:

1. DataDissemination:Onesource,multiple read-onlytargets.

2. DataConsolidation:Multiple sources,oneconsolidatingtarget.

3. Distinct fragments:Multiple sourcesandtargets,but eachsubsetof datahasa definitesource
database,whereit canbemodifiedonly.

4. Updateanywhere: Multiple tables,eachof which canbe both sourceandtarget of changes.
Thisconfigurationrequiresresolutionof conflictingupdates.
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Thesourceof replicationis specifiedin SQL,sobetweensourceandtargetthedatacanbejoined,ag-
gregated,derived.. . . Thisalsoimpliesthereplicationof viewsandcomplex subsetsof dataspecified
with SQL.Theinformationaboutreplicationsourcesandsubscribersis storedin somecontroltables,
whichmayresideonaseparatecontrolserver.

Thereplicationsystemconsistsof two components:

Capture, which capturesthechanges(transactions)madeto a database.Thechangesarereadfrom
thetransactionlogfile. Changesconsistof before-andafter-imagesof columns.They arestored
in theintermediate’stagingarea’.

Apply, whichreadsthechangesfrom thestagingarea,andappliesthemto thetarget.In ’full refresh’
mode,theApply programreadsthedatadirectlyfrom thesourcetableandcopiesit to thetarget.

Whetherthis is a PUSHor PULL mechanismdependson wherethe Apply componentis located:
whenrunningon thetarget, it’ s PULL, whenrunningon thesource,it’ s PUSH.In eachcase,Apply
usesadirectconnectioneitherfor gettingthechangesfrom thesource,or for applyingthemto thetar-
getdatabase.If theApply programrunsin PUSHmode,oneupdatequeueis usedfor eachreplication
target.

IBM is offering the ’DataJoiner’which allows other vendor’s databases(Sybase,Oracle,Mi-
crosoft,...) to beusedaseithersourceor target.DataJoinermakesmultipledatabasesbehave asone,
andcanbeintegratedinto thereplicationprocess.The’DataPropagatorNonRelational’canbeused
to includenon-relationaldatabases.Thementionedstagingareaservesasa communicationplatform
for thedifferentcomponents.

More informationcanbefoundin [IBM98a].

Noteson Suitability for PAID

In caseof a failure,andoneachcoldstartof thereplicationsystem,a full refreshis made.Also, mes-
sagebasedreplicationis not supported.Sourceandtargetdatabasesof othervendor’s aresupported,
but asopposedto Sybase’s ReplicationServer, this is not a stand-alonereplicationsystemmeantfor
replicatinge.g.from anOracleserver to SybaseAnywhere.

4.3.3 Oracle

Short Overview

In anOracledatabaseusedasreplicationsource,changesandtransactionarecapturedwith internal
triggers. They arestoredin a queueof RPC-like requests,andcan later be executedon the target
databasesin parallel.Correctandcompleteexecutionis guaranteedwith a two-phase-commitequiv-
alentprotocol,which requiresanonlineconnection.

Thesupportedgranularityof datapartitioningdependson thescenariowhich is usedfor replica-
tion:

1. MASTER-MASTER:Several equaldatabasesareconnected.Updatesandconflict resolution
canoccuranywhere.

2. UPDATABLE SNAPSHOTS: Thereis onemastersite,andseveralupdatablesnapshots.There
is no communicationbetweenthesnapshots,soconflict resolutionis only requiredat thecon-
solidatingmastersite.All columnsof eachtablemustbereplicated,but rowscanbeselectively
replicated.
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3. READ-ONLY SNAPSHOTS: In this scenario,thereis onemasterdatabaseandseveral read-
only mirror databases.Both rowsandcolumnscanbeselectively replicated.

In thefirst two cases,aconflict resolutionstrategy is required.Suchstrategiesfor transactionsmaybe
’first wins’, ’ lastwins’, andsoon. Changesmayalsobemerged,which is usefulmostly if different
columnsareaffectedby updatesto thesamerow.

More informationcanbefoundin [Ora98] and[DDD+94].

Noteson Suitability for PAID

� Experiencewith Oracleshows that replicatinga 10 MB tableover an ISDN line is a business
for awholeday.

� Replicationadministrationis saidto bedifficult anderrorprone.

� A full refreshis donein caseof failures.

� Integrationof othervendor’sdatabasesis notprovided.

� Not all datatypesusedby StarNetwork aresupportedfor replication.

Noteon Oracle Light

OracleLight can be usedon mobile computers,and it supportsmessagebasedreplication. This
databasesystemrequiresvery little memory. Theproblemis that it can’t dealwith databasesof our
size.

4.3.4 Sybase

Sybaseis promotingit’ s conceptof openness.This meansthatAPIs to databaseserversandclients
areaccessibleto third parties. This is alsotrue for the ReplicationServer, which enablesprogram-
mersto feedtheReplicationServer with transactiondata.Sybasesupportsreplicatingothervendor’s
databases,without requiringoneof their own databasesystemsasan intermediatestage.They see
themselvesasa middlewarevendor. Sybaseofferstwo differentreplicationsystems:TheReplication
ServerandthemessagebasedSQLRemote,which is built into Sybase’sAdaptiveServerAnywhere.

Short Overview of Replication Server

The informationaboutcommittedtransactionsis readfrom the databaselog by the so-called’Log
TransferManager’.It is thentransformedinto the ’Log TransferLanguage’,which is is fed into the
ReplicationServerat thesourcedatabase.Thedatais thensentto theReplicationServerat thetarget
database,whichappliesthechanges.

Thissystemis veryflexible asyoucanfeedtheReplicationServerwith transactiondatafrom any
databasesystem,aslongasyoucancaptureit andtranslateit into theLog TransferLanguage.

Includingothervendor’sdatabasesinto thereplicationprocessis well supported.Datafrom other
databases(includinglegacy platformsase.g. IMS), canbereadby theReplicationServer throughso
calledReplicationAgents,andcanbewritten to themthroughgateways.

Moredetailedinformationcanbefoundin [Syb98a], [Col93], [GWD94], and[Ren96].
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Noteson Suitability for PAID

� Messagebasedreplicationis notsupported.

� Specializedreplicationadministrationis required.

Short Overview of SQL Remote

TheSQLRemotereplicationsystemis integratedinto theSQL Anywheredatabaseserver, which can
be usedon mobile computersbecauseof its small memoryusage(1MB + typically another1MB
cache).As opposedto OracleLight, this databasesystemis ableto handleour dataamounts.SQL
Anywhereis designednot to needany administration. SQL Remoteis a systemwhich supports
messagebasedreplication,sochangescanbetransferredusinge.g.emailandfiles.

More informationcanbefoundin [Syb98b].

Noteon Suitability for PAID

Unfortunately, SQL Remoteis not availableasa standalonereplicationsystem. This is the major
reasonwhy it cannotbeusedfor PAID. AdaptiveServerAnywhereclaimsto needzeroadministration.
This might betruefor thedatabasesystemitself, but asmentionendin [Fei97], thereplicationis not
aseasyto setup. But without the replicationfunctionality, Adaptive Server Anywheremay still be
interestingfor thebranchesandmobilecomputers,wherezeroadministrationof thedatabaseitself is
amusthave.

4.3.5 Praxis Inter national

Short Overview

PraxisInternationaloffers theOmniEnterprisesuiteof productsfor heterogeneousdatabasereplica-
tion. Threemajorproductsareincludedin thissuite:

OmniReplicator which replicatestransactionsto otherdatabases.

OmniCopy whichdoessnapshotlike transferof datafrom asourceto a targetdatabase.

OmniLoader whichextractsabulk of datainto afile whichcanlaterbeloadedinto anotherdatabase.

Horizontal(columns)andvertical (rows) partitioningof tablesselectedfor replicationis supported
by theseproducts.Also, datais automaticallyadaptedto heterogeneoustargetdatabases,andcanbe
modifiedor restructuredby rulesbetweensourceandtargetdatabases.Replicationof changescanbe
continuous,scheduledatcertaintimes,or event-driven.

ThereplicationrulesaresetupusingagraphicaluserinterfacecalledOmniDirector.

Noteon Suitability for PAID

Theseproductscurrentlysupportonly ’server’ databasesandplatforms,e.g. OracleandSybaseon
Unix andNT, but not smallerdatabasesystemsusedon ’client’ platforms,like for exampleSybase
SQLAnywhere.



CHAPTER4. DATAMOVEMENTSWITHIN THE PAID NETWORK 22

4.3.6 Summary and Rating

Themainfocusof thementioneddatabasereplicationsystemsis replicatingtransactionsin a secure
andreliableway. Opposedto that,PAID needsa very efficient (in termsof network bandwidth)and
flexible datadistributionsystem.

What I wantedto have (andto put into this thesis)wasa tablelisting all essentialrequirements
andhow well they aremetby theindividual replicationsystems.Baseduponthattable,it wouldhave
beenpossibleto give a very well foundedrecommendationfor thePAID project.A startof this table
is 4.1,but it containsmany openquestions.

Requirement DB2 Oracle SybaseRS SQLRemote OmniReplicator

No full refresh No No ? ? ?

Disconnectedoperation Yes ? ? Yes ?
Messagebased No No No Yes ?

Compression No (?) No (?) No (?) Yes No (?)
Dynamicdatapartitioning ? ? ? ? No

Zeroadministration No No No Yes No
Vendorindependent Restricted No Yes No Yes

Multiple platforms Yes - Yes - Only ’Server’

Onestablequeue ? ? ? ? ?

Efficientuseof bandwidth No No Yes(?) Yes ?

Broadcast No No No No No (?)

Table4.1: Requirementsfor databasereplicationsystems.

Unfortunately, I didn’t manageto get informationaboutall therequirementsfor eachreplication
systemto completethe table. Requestinginformationaboutthoserequirementsfrom the vendors
turnedout to besurprisinglydifficult. Sybasepreferredto notansweronmy requestsfor information.
It wasalsoaninterestingexperiencethatPraxisInternationaljust stoppedcommunicationsasI asked
whethera full refreshwasneededinitially andaftera failure,andif thepartitionsselectedfor replica-
tion couldbechangedafterreplicationwasstarted.Well, I guess,if thesecompanieswould think that
their productsmeettherequirements,they would answerto avoid loosingtheoptionon sellingabout
6000licensesof their replicationsystems.

Evaluatingall availablereplicationtechniquesby trying themout would go far beyond the time
frameandscopeof this thesis.At least,theinformationI got sufficesto determinethatnoneof those
replicationtechniquesmeetsall essentialrequirements.In thenext section,I will provide a concept
whichmeetsall requirements.

4.4 Replication with ’Smart Updates’

Asynchronousreplicationdistributestransactionsrespectively the resultingdatabasechangesafter
they wereappliedto the database.The conceptI’m proposingfor PAID is to not usea commer-
cially availabledatabasereplicationsystemfor distributingtheresultsof changes,but to distributethe
changesthemselves. Insteadof usinga distributeddatabasesystem,a distributedapplicationframe-
work is created.Figure4.2 illustratesthedifferencesbetweenthetwo approaches.
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Figure4.2: Analyzertool usingeitherdatabasereplicationor ’SmartUpdates’.

SmartUpdatesarean extensionof the ’Command’patternfound in [GHJV94] and[Meh]. An
application(or theanalyzertool) would, insteadof directly manipulatingthe local data,encapsulate
the requestto do this is in an updatecommand.The classdiagram4.3 shows suchan updatecom-
mand.Thedistribution of updatecommandsis doneusingsomekind of messagemiddleware. This
is providedby thePAID platformwhich might useoneof themessagemiddlewareproductsfor reli-
ably distributing messagesthatarealreadyavailable,like e.g. MQSeries[IBM98b] from IBM. JMS
[JMS98] is anAPI recentlystandardizedfor usingmessagingservicesfrom Javaprogramsthatmight
beuseful.

TheSmartUpdatemechanismcanbeusedeasilyfor distributingdata;theanalyzertool developed
within this thesiswill generateupdatesin this way. For problemdomainswhereconflictingupdates
canoccur, thisgetsa little morecomplicated.But theSmartUpdateapproachenablesusingsemantic
conflict resolutionmorestraightforward thanon the databaselevel, whereinter-tableconflictsmay
be hardor impossibleto detect. SinceSmartUpdatescanalsobe usedon a very high abstraction
level, they provide theability to do semanticconflict resolution.As alreadymentioned,this is a shift
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from a distributeddatabasesystemto a distributedapplicationframework. Seesectionaboutconflict
resolutionfor SmartUpdatesfor someexamplesandmoredetailson this topic.

Sincethelocaldatasubsetis notnecessarilythesamefor all nodes,theupdatesarecustomizedto
thetarget,which is anextensionof thecommandpatterndescribedin [Meh]. Thedescription’smart’
refersto this ability of updatesto customizethemselvesto the local data,andto theability to detect
andresolveconflictsin a semanticmannerwherethismightbecomenecessary.

Customizationcanreducethenetwork bandwidthusedby anupdate,aspartsof theupdatewhich
affectdatanotpresentonthetargetnodecanbeomitted.If computingtimeonthesourcenodeis rare,
thiscustomizationof updatescanalsobedoneon thetargetnodeaftertheupdateis received.

Nodescanbeaddeddynamicallyto thesystem.Sinceit shouldbepossibleto initialize thelocal
datae.g.from CD, somekind of metadatais usedto determinewhichpoint in timeis reflectedby the
data.This informationis thenusedto determinewhichupdatesareappropriate.

An importantpropertyof SmartUpdatesis theseparationof theinterfaceseenby themiddleware
or framework transportingtheseupdatesandtheapplicationdomainspecificimplementationwhich
may include someof the businesslogic to manipulatedata. Without this separation,it would be
impossiblefor PAID to provide a reusableframework for handlingupdates. Despitethis, a tight
couplingbetweenthe semanticsof the updatesandthe distribution platform would result in a bad
designanyway.

Thisconceptfocusseson thedistributionof updates.Furtherconceptsincludingthefunctionality
to grow or shrink data,initialize databases,andto handlefailuresefficiently have to be developed
within thescopeof thePAID project.But mostof theimplementationusedfor generatingandexecut-
ing updatescanbereusedto move databetweendatabases.

The implementationof this conceptusedwithin this thesisis locatedon a very low abstraction
level, sincethe updatesaregeneratedautomatically. It usesJava as implementationlanguage,the
JDBC API to accessthe databases,andJava’s built-in serializationfacility to transferandstorethe
updates.It is describedin section4.4.5.

4.4.1 Meeting the Requirements

No full refreshrequired Becauseof the metadataprovided to identify the point in time the data
reflects,thereis no reasonfor transferringthewholedataover thenetwork initially.
In caseof a failure2 occurringduring updateprocessing,any appropriaterepairor synchro-
nizationstepscanbe triggered.Examplesfor that includea ’rsync’ [TM96] like protocolfor
efficient resynchronizationof databases(if a network is available),or reinitializing thedatato
anold versione.g.from CD, andapplyingthenecessaryupdatesagain.

Support for disconnectedoperation Updatescanbestoredfor anprincipallyunlimitedtimeuntil a
nodeis onlineagain. Sincethey canbestoredcompressed,andonly onestablequeueis used
(seebelow), only few diskspaceis needed.

Support for messagebasedoperation Thisconceptis messagebased,notprotocolbased.

Support for compression Updatescanbecompressedbeforethey arestoredor transmitted.

Dynamic data partitioning Updatesarecustomizeddynamicallyto thelocaldatasubset,sothelocal
datacangrow andshrinkasPAID learnsaboutwhichdatais neededlocally.

Zero administration No replicationadministrationis requiredon thetargetnodes.
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Vendor independentreplication Using JDBC for accessingdatabases,every databasesupporting
thatcanbeaccessed.

Support for multiple platforms UsingJavaasimplementationlanguagemakestheupdatesplatform
independent.

Onestablequeue Sinceupdatesarecustomizeddynamically, eachupdateneedsto be storedonly
once. An advancedsolutioncouldalsolearnwheretheupdatesmustbestoredfor how long,
giventhatat leastonenodeholdstheupdatesuntil they are(definedto be)notneededanymore.

Efficient useof bandwidth The updatecommandsare generatedto be as efficient as necessary.
Sincevery complex operationsarepracticablefor SmartUpdates,thereis principally no limit
for this.

Support for broad-and multicast Sinceupdatescanbecustomizedon thetargetsystemaswell as
on thesourcesystem,they canbebroad-andmulticasted.

Changeablesource Thereis no principal needto fix the sourcenodefrom which updatesare re-
ceived. If e.g. a serialnumberis usedfor updates,or informationaboutthe versionof the
datathey apply to is provided, thesourcenodescanbechangedon thefly. This is supported
by the dependency informationof the updates.But this featurehasto be supportedby PAID
respectively themessagemiddlewareaswell.

4.4.2 Additional Benefits
� This conceptis not limited to relationaldatabases.Modificationsto files, objectdatabasesys-

tems,etc. canbedistributedaswell. Also, a SmartUpdatecoulddo complex transformations
of databetweensourceandtarget,perhapsreplicatingfrom arelationalto anobjectdatabaseor
filesystem.

� SmartUpdatesmayprovide dependency andpriority informationallowing a reorderingof up-
datese.g. for distributing updateswith higherpriority first. Thesampleimplementationpro-
videsthis dependency informationfor updates.This informationallows to determinewhich
updatesarevalid, andwhichdependononeanother.

� Changescanbe generatedon a sub-fieldlevel. This means,that if e.g. a documentis stored
in the database,anda changethereinoccurs,this changecould be replicatedandappliedon
the remotedatabaseusingSmartUpdates.This is currentlyrudimentarilysupportedfor long
stringsby theanalyzertool.

� Similar changesto redundantdatacan be encapsulatedinto one operation. This effectively
reducesnetwork bandwidth.

� SmartUpdatesmayprovidea notificationmechanismwhencertaindatais updated.

2Normally, updatesdistributedover thenetwork areverified to beexecutable,sincethey wereexecutedon thesource
database.If they fail ona targetdatabase,thedatathereis mostlikely corrupt.



CHAPTER4. DATAMOVEMENTSWITHIN THE PAID NETWORK 26

� If thedataallowsthat(asit doesfor EPCandFDOK),old andnew versionscanbemixedwithin
thedatabase.Thesampleimplementationgivenhereprovidesadatamodelwhichallowskeep-
ing differentversionsof thedatain onedatabase.Thebenefitis thatif thenetwork hasasudden
outage,the databasecanbe completedby old dataloadedfrom CD or somethingequivalent.
Thiscanbedonewithoutaffectingthealreadyup-to-datedatapresentin thedatabase.

� If datais originatingat legacy databases,SmartUpdatescanbeusedasa backwardchannelto
write updatesbackto legacy databases.This is easierto implementthanon thedatabaselevel,
sincethe semanticsof operationsis known andcanbe translatedmorestraightforward to the
legacy datastructures.

� A SmartUpdatemightexecutecomplex operationslikeschemachanges.

4.4.3 Outlook: SemanticConflict Resolutionfor Smart Updates

Whereconflictscannotbeavoided,SmartUpdatesprovide a powerful, reliable,andflexible way of
doingconflict detectionandresolution.Becausethey arenot limited to theresultsof datamanipula-
tions,they candosomesmarterconflict resolutionstepsthannormaldatabasereplicationcando.

Therearemany differentconflictresolutionstrategiesavailable,[Syb98a] containsmany examples
for that.All of thedatabasereplicationtechniquesoffer someautomaticconflict resolutionstrategies,
whichareof thekind ’first transactionwins’, ’ lastwins’, andsoon.

Alternatively to theseautomaticconflict resolutionstrategies,SmartUpdatesallow easierimple-
mentationof semanticconflict resolutionthanimplementingthaton thedatabaselevel. Sincethis is
not thefocusof this thesis,I will only provide someexamplesandideasfor this here.Thefollowing
scenariois anexamplefor resolvingconflictingupdatesto thevehicledatabase:

� An air conditionis built into acar. A workshopaddstheair conditioncodeto thelist of special
versionsbuilt into that car. But theupdateis not propagatedup to thecentraldatabase,since
theworkshopis currentlyoffline.

� Soonafterthat,thecarhasa failure.Anotherworkshop,which repairsthatfailure,noticesthat
thecarhasa built-in air condition,but that thecorrespondingcodeis missingin thedatabase.
It alsoaddsthatcodeto thelist of built-in specialversions.

� The updatethat reachesthe conflict resolutionsite later will notice that the codefor the air
conditioncan’t beaddedto thelist, sinceit is alreadythere.It simplydropsitself asit discovers
thatit is redundant.

Another, moreadvancedscenariois thefollowing:

� Again, a mechanicdoesan updateto a vehicledatacard. He entersthe codeof a new spe-
cial versioninto thedatacard. He presses’Ok’, andgetsthemessage“Your updatehasbeen
preliminarilyaccepted”.

� The local databaseis temporarilyupdated,but the original versionof thevehicledatacardis
preserved.

� Theupdatemakesits way up to thecentraldatabase.Unfortunately, it discoverstherethat the
vehicledatacardhaschangedin the meantime,and that it doesn’t know how to do conflict
resolutionin thiscase.
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� A notificationis sendbackto theworkshopwheretheconflictingupdatewasinitiated.Thenext
time themechaniclogs in, a messageis displayedsaying“Your update. . . hasbeenrejected.
Click ’Ok’ to try again.” After clicking ’Ok’, theapplicationdisplaysthe new versionof the
vehicledatacardalongwith theupdatewhichcausedaconflictandthereasontherefore.

� Themechaniccannow resolve theconflictmanually.

Of course,anapplicationwhich wantsto providesuchmeansof conflict resolutionmustbedesigned
from the startasa distributedapplicationsupportingdisconnectedoperations.Scenarioslike those
above areonly realizableif thereis a smallnumberof valid operationswhich might causeconflicts.
This conceptis e.g. feasiblefor the vehicledatacarddatabase,wherethe datastructuresarevery
simple.

Wherever possible,it is preferableto avoid conflicting updateswhen designinga distributed
databasesystemor distributedapplication.An examplefor this is theUsenet,whereall peoplemay
write to adiscussiongroup,but canneverconflictwith eachother.

It is importantto considerthata manageableconflict detectionandresolutionrequiresthe intro-
ductionof a definiteclearinghouse.This doesn’t needto be exactly onenode,but thereshouldbe
only oneresponsiblenodefor eachdatapartition. Whenat sometime the ideaof the centralafter-
salesdatamaintenanceanddistribution is dropped,it might for examplebechosenthatevery MLC
databasedoesconflict resolutionfor its areaspecificdata. But if every nodein the network could
do conflict resolution,this will soonget unmanageable.Using e.g. databasereplicationwithin an
updateanywherescenario,every site may get the updatesin a differentorder, andthereforemight
undertake differentstepsto resolve conflicts. If, in sucha scenario,theconflict resolutionstrategies
arenot carefullychosen,it might evenhappenthatthesystemnever reachesa stablestateaftersome
conflictingupdates,aseverysitemayseetheconflict resolutionactionsof theothersasnew conflicts.
Somemoreinformationaboutthis topiccanbefoundin [Syb98a].

The following arepossiblevariationsof extendingSmartUpdateswith theability to do conflict
resolution:

� anupdaterequestincludesrulesfor detectionof conflicts.Theserulesmaydiffer from onetype
of updateto another(evenfor thesamesetof data)andarethereforehighly customizable.
Most of theseruleswould have to beimplementedanyway, asanapplicationnormallychecks
whetheranupdateto thedatais valid. Theserulescouldbereusedto doconflict resolution.

� insteadof just beingacceptedor rejected,anupdatemayadaptitself to a new situation,where
it wouldnormallyberejectedin its original shape.

� anupdatemaybeonly temporarilyapplied.Thechangeis laid likea ’foil’ over the’picture’ of
consistentdata.Simultaneouslythechangeis sentto the’clearinghouse’,whereit will approve,
modify or rejectitself.
For sometypesof data,this canbeimplementedvery easily. For example,in thevehicledata
carddatabase,atagmightbeincludedfor eachvehicledatacardwhichtellsthatit wasmodified
locally. Themodifiedvehicledatacardis storedat anotherlocationin thedatabase.As soon
asthemodificationis accepted,andtheupdateto theoriginalvehicledatacardis received,this
copy is dropped.

� anupdatewhichis rejectedmaypresentthisfactto theuserwhichcausedtheconflictingupdate
in themostsuitablewayby usingthesameapplicationthatcausedtheconflict.
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As alreadymentioned,theseareonly someideasof how conflict resolutioncanbedone.Implemen-
tationof a fully featuredconflict resolvingupdatecanbeverychallenging,dependingon thepossible
updates.But, implementingtheseruleson thedatabaselevel is evenmorechallenging.Thestandard
rules,e.g. ’first wins’, ’ last wins’, . . . , canalsobe very easily implementedfor SmartUpdates,if
a smarterconflict resolutionis not needed.Whereconflictshappenvery seldom,this might be the
preferableway to save implementationcosts.

4.4.4 Conclusionand Decision

The only limits for SmartUpdatesarethe complexity andimplementationcosts. Using SmartUp-
dates,nearlyeverythingis possible,aslong asit canbe implementedat reasonablecosts. But, if a
middlewareframework for distributing themis available,the implementationcoststo get the same
functionalityasfor databasereplicationarevery low. Sucha framework couldalsoprovide aninter-
mediateJDBCdriver thatreplicatesall transactionsto thedatabaseasautomaticallycreatedupdates.
This is equivalentto databasereplication,exceptthat the latternormallyreadsthechangesfrom the
databaselogfile.

I don’t believe thattherewill soonbedatabasereplicationtechniquesavailablethatmatchthere-
quirementsof thePAID project.ReplicatingGigabytesthrough1 KB/smodemlineswasn’t advertised
by any replicationtechnologyvendor.

Anotherimportantpoint I hadto takeinto considerationwastheapproachwhichwouldbeusedto
solve theproblemthatthedataamountsweretoobig to bereplicatedthroughthenetwork. Onecould
redesignthe datastructuresin a way that updatesto the databasewould be smaller. But I rejected
from doing that becauseI cannotassumethat this is possiblefor all currentand future databases
whichonemightwantto distributeusingaPAID likedistributionplatform.An examplefor this is the
WIS database,wherevery complex datareorganizationsandrelocationsaremadebetweenreleases.
Requiringthedatastructuresto bedesignedsuchthatonly small updatesaregeneratedis oftennot
feasible,sincedataoftenoriginatesfrom legacy databases.

So I choseto implementtheanalyzertool to generateSmartUpdates.SinceI don’t know what
particularway of distributing updateswill be chosenfor the PAID project, I provide only a very
rudimentaryimplementationof updateswithin this thesis.

As I will show in thechapterabouttheFDOK aftersalesdata,SmartUpdatescanreducethesize
of updatesto this databasein a way thatcannotbedoneusingdatabasereplication.I alsothink that
theideaof replicatingto any kind of databasewhich is accessiblethroughJDBCis verypromising.

4.4.5 Object Designof Smart Updates

I presentthetoplevel implementationandinterfacesof theSmartUpdatesnow, becauseit servesasan
examplewhichshouldhelpdemonstratingtheconceptualideas.But thedesignintroducedhereshould
notbetakenasa reference,sincemostfunctionalitywasnotor only rudimentarilyimplemented.The
conceptof datasubsetsintroducedhereis later usedfor presentingthe subdivision of the EPCand
FDOK databasesin chapter5.

Within the scopeof PAID, most likely a moregeneralmodelof dataandof the dependencies
thereinwill have to bedeveloped.This will benecessaryto handlenot only theupdatesbut alsothe
valid localconfigurationsfor initializing andmodifying thesubsetof datalocally mirrored.

Theclassdiagram4.3shows themaininterface’Update’,which representsa SmartUpdate,and
theotherclassesinvolvedwith themanagementof updates.
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Figure4.3: SmartUpdateandinvolvedclasses

Thefollowing sectionswill explain themethodswhich mustbeimplementedby a SmartUpdate
andtheclassesshown on thediagram.Not all methodsaredescribedhere;a completereferencecan
befoundin thejavadocdocumentationaccompanying this thesis.

Methodsof Update

This is anoverview of themethodsimplementedby anupdate;It containsforwardreferencesto the
next sectionsdescribingtheinvolvedobjects.

execute This is themainmethodof theupdate,sinceit appliestheupdateto thelocal data.A refer-
enceto this localdatais givento thismethodasaLocalDataobject.

getCustomizedCreatesa new updatewhich is customizedto the local data. A descriptionof this
datais givenasparameterto thismethod(asLocalDataDescobject).

getSubsetReturnsa DataSubsetobjectdescribingthe new versionof the datasubsetwhich is up-
dated.Thisobjectalsouniquelyidentifiestheupdate.

getNewInfo If the updateintroducesa new datasubset,this methodreturnsa string describingthe
new datasubset.This string canthenbe usedby WantedSubsetsDescto decidewhetherthis
subsetis wantedor not.

getDependenciesDescribesthedependenciesof anupdate.

debugPrint Printsdebugginginformationon thestandarderroroutputstream.

The messagesequencechart6.4 found in section6.2.5describingthe implementationof the apply
subsystemof theanalyzertool will illustratehow thesemethodsareused.
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Description of local data (LocalDataDesc)- DataSubsets

TheclassLocalDataDescprovidesa descriptionof thedatathat is installedlocally. Datais divided
up into DataSubsets,eachhaving a name(identity) anda currentversion,which is representedby
a timestamp.Thedesignation’datasubset’is quite insignificant;this is becauseit is a very general
superclasswhich maye.g. reflecta catalogin theproblemdomainEPC,but a combinationof model
line andareawithin FDOK.

As I searchedfor asuitablerepresentationof datasubsets,I discoveredthatcomplexity is reduced
verymuchif datasubsetsaremodeledin astableway, whichmeansthatdataneverchangesthesubset
it belongsto. If it woulddo that,it mighthappenthatits new datasubsethasanincompatibleversion
or isn’t installedlocally. Theseconditionswould have to becheckedfor andhandledwhenever data
is updated.Thefollowing arefurtherrequirementsfor well modelingdatasubsetsfor therespective
applicationdomains:

� Sincedatais accessedboth locally and remotely, the subsetsshouldbe chosenin way that
queriescanbeeitheransweredby thelocaldataor remotely.

� If thereareonly few dependenciesbetweensubsets,managementof updatesanddatais easier.

� If subsetsarechosenin away thatdifferentversionscanbemixed,it is possiblefor examplein
caseof anetwork outageto install thenow missingremotedatalocally asanolderversionfrom
CD. This requirementis alsoapreconditionfor enablingreorderingof updates.

The way subsetsare chosenfor the two referenceaftersalesdatabasesgives an examplefor data
subsetsmatchingthesecriteria. Sincetheremight be updatesthat introducenew datasubsets,the
descriptionof local datais associatedwith a descriptionof which new datasubsetsa target node
wishesto get(WantedSubsetsDesc).

Note that thereis alwaysa way to implementthis conceptconsistentlyfor a specificproblem
domain,becauseit is alwayspossibleto modelthewholedataasonesubset.

Dependencies

An updatecanhavedependencies.Themostcommonis thatthedatasubsettheupdateappliesto has
theappropriateversion. An updatemayalsorequestthatanotherdatasubsethasa definedversion,
whichappliesonly if thedatasubsetsareinstalledlocally. Thesetwo depedenciesarerepresentedby
aDependOnSubsetdependency.

Thereis alsoa way to link updatestogether. It is possiblefor two updatesto dependon one
another, which is expressedby DependOnUpdate.This indicatesthat theupdatesshouldbeapplied
simultaneously, e.g.within onetransaction.

Otherdependenciesmightbeintroducedfor specificproblemdomains.

LocalData

LocalDatais areferenceto thelocaldata.It providesthemethodgetDescription()to readthedescrip-
tion of thelocaldata(LocalDataDesc)from thedatabase,andputDescription()to write it back.

Theclassalsoprovidesa generictransactionhandlingcapability. Beforeupdatesareappliedor
thelocaldatadescriptionis modified,beginTransaction()is called.Thenall updateswhichdependon
oneanotherareexecuted.Thedescriptionof thelocal datais updatedaswell. After all this is done,
commit() is called. This ensuresthatdatanever hasaninconsistentstate,andthat thedescriptionof
thelocaldatais consistentwith thelocaldata.
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About Consistency

Therearecertainconsistency constraintsfor theproposedmechanismsto work reliably. Thetransac-
tion conceptofferedby the databasesis usedto preventdatacorruptionbecauseof errorsor break-
downs.But certainthingshaveto bekeptin mindwhendesigningthesystem.Oneis thatthesubsetof
datainstalledmustnotbechangedwhile alreadycustomizedupdatesaretransmittedor in progressof
execution.Also,whenthatlocaldatasubsetgrowsor shrinks,thecorrespondinglocaldatadescription
mustbeadaptedwithin thescopeof thesametransactionusedfor thatpurpose.

Thisconceptsarenotyet implementedfully, sinceI only provideaproof-of-conceptimplementa-
tion andI don’t know whichkind of transactionservicewill beavailablewithin PAID.

4.4.6 NeededImpr ovements

Theway of representingdatasubsetshasto berethought.For example,theconceptof representing
andidentifying datasubsetsandnew datasubsetsby stringswasdrivenby theway theupdatesare
currentlystoredin a databasequeue(table). I wantedto make that informationavailablein human
readableform outsidethe updateobject. The chapteraboutthe analyzertool providesmoredetails
on this. I alsousedthis representationof datasubsetsandversionsto producestatisticsto find the
optimalwayof producingupdates.

It might beusefulif anupdateis not limited to updatingonly oneDataSubset.Complex updates
like schemachangesaffect morethanoneDataSubset.Somemorecleanandgeneralmodelof data
and metadatawill have to be developedfor representingthe datasubsets,their version,and the
consistency constraints.

4.5 Alter nativeApproaches

4.5.1 RemoteSynchronization

As analternativeapproach,onecouldusea remotesynchronizationalgorithmto bring two databases
up-to-date.’Rsync’ [TM96] implementsthis for files; in [BR97] a similar but moreadvancedtech-
niquefor doingremotesynchronizationof databasesis described.Thereis a Java tool setavailable
whichperformssynchronizationin a verysimpleway ([Shaf]).

Usingsynchronization,no stateinformationwould have to bemaintained,which is obviously a
very big advantage.Adding nodesandshrinkingor growing of a node’s local datais uncomplicated.
No analyzertool would be neededaswell, sinceno informationaboutchangesbetweenreleasesis
necessary.

Theideabehindsynchronizationis to comparetwo remotedatasetsusingacertainprotocol.The
rsyncapproache.g.transmitschecksumsto identify differingdatablocksin files.

Thegeneralproblemwith thiskind of approachis thatwhenthesizeof theseblocksis small,then
therewill beverymany blockswhichwill have to benegotiated.If theidentifiedblocksarebig, then
too muchunchangeddatawill betransmitted.Soonewould startto negotiatebiggerchunksof data,
andthenproceedonly in the differing onesto find small changedsubsets.This works very fine if
thechangesarecondensed,sincethenonly a few differingblocksarefound.But usingthis approach
is generallyinefficient if the changesarewidespreadall over the databasein an unpredictableway,
which is thecasee.g.for thepartscatalogues.

This way of synchronizingdatabaseswould never be asefficient in termsof network usageas
generatingthe necessaryupdateslocally and distributing them. I guessthat it might not even be
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usablefor synchronizinggigabytesof datathroughmodemlines,especiallywhena nodewasoffline
for sometimeandthedatahaschangedatmany differentplaces.I think this is obvious,but in lackof
a testenvironment,I couldn’t verify it.

Sinceit is aprotocolbasedapproach,adirectconnectionbetweenthesourceandthetargetnodeis
required.Thiskindof synchronizationcanhardlybedoneeffectively in amessagebasedenvironment,
withoutusingtoobig unitsfor synchronization.Broadcastingandmulticastingis of courseimpossible
usingthismethod.

Anotherproblemwith this approachis thecomputingtime on thesourcenode,whena few hun-
dredtargetnodeswouldwantto synchronizethemselvesat thesametime.

An approachof thiskind is althoughveryinterestingfor doinganeffectiveresynchronizationafter
a failure.But it wouldthenhadto betestedthattheresynchronizationis donein areasonabletimefor
themostlikely cases.While doingsynchronization,anestimatehasto bemadehow long it will take.
This is necessarybecausesynchronizationmight produceworseresultsthantransmittingthe whole
data. It mustbe kept in mind that transmitting5% of the aftersalesdatabasethroughan ISDN line
takesawholeday.

4.5.2 TimestampReplication

A very simpleapproachto distributedatabasechangesis to assigntimestampsto eachrecord. For
eachdatasubset,a target nodewould receive all recordsthat have beenchangedafter the newest
recordin thatsubset.But this techniquehassomedrawbacks:

� Moving of recordscannotbecapturedthatway. A recordis saidto bemovedwhenits primary
key valuesarechanged.Theeffectof thisis thatyouwill eventuallyfind norecordor (logically)
anotherrecordat theplacetheoriginal recordwas.

� Similarupdatesto many recordsarenotreplicatedefficientlyusingthismethod,sincetheresults
of thechangesarenotnecessarilysimilar. Similarupdatescanbecompressedverywell, but not
thedifferentresults.

� For someproblemdomains,a recordor even a field may be a too big unit to be transmitted.
An examplefor this is a databasestoringdocumentsthat weregeneratedfrom a template.If
that templatewould bechanged,all documentswould have to beretransmitted.Equippingall
possibledatasubsetswith timestampsmight not berealizable,dependingon thenatureof the
data.

Thefirst two pointsapplyto theEPCdatabase,atwhichthefirst oneis worse,sincethedesignof this
databaseresultsin suchmovesbetweenreleases.Thesectionsabouttimestampreplicationfoundin
therespective sectionsfor EPCandFDOK in thenext chapterwill explain how this approachcould
althoughbeusedalternatively to SmartUpdates.



Chapter 5

The AftersalesData

In this chapter, the datastructuresusedfor the relationalaftersalesdatabaseStarDBaredescribed.
Thetwo databaseschemataarenamedEPCandFDOK in this thesisafter their legacy predecessors.
TheEPCdatais usedby theStarNetwork applicationStarParts,which will beusedat thebranches
to identify thepartsbuilt into vehicles.TheFDOK datais usedto determinetheconfigurationof an
individual vehicle,for examplewhich aggregatevariantsandspecialversionsarebuilt into it. The
correspondingStarNetwork tool is calledStarIdent.Thedatabaseschematawithin StarDBarenamed
afterthenew terms,“Parts”and“Ident”, andcanbefoundin appendixA.5 andB.1, respectively.

I preferredto use’EPC’ and’FDOK’ to avoid confusionsinceI oftenhave to usethewordspart,
parts,identifier, andidentify.

It is assumedthatthereaderis familiar enoughwith relationaldatabasesto know whata tableis,
how datais storedtherein,andwhataprimarykey is.

5.1 About ClassDiagramsDescribingLegacyData

The classdiagramscontainedin this chapterare not comparablewith classdiagramsmadefrom
scratchfor designinga new system.They arereverseengineeredfrom a relationaldatabaseimple-
mentationdesignedfor storinglegacy non-relationaldata.They areto beseenasnomorethanautility
to show theobjectscontainedin thedatabasesandtheassociationsbetweenthem.

Theschematafor thedatabasesweredesignedto allow astraightconversionof datacomingfrom
somelegacy file formats. Seesection5.2.8for detailson how this is donefor EPC.Becauseof the
legacy datastructures,neitherentity-relationshipdiagramsnor classdiagramscouldbeusedstraight
on for modelingthe datastructuresas they are implementedfor the StarNetwork databasesnow.
Somecompromisehadto befoundbetweendrawing meaningfulandcorrectclassdiagramsandstay-
ing closeto therealimplementation.Thetextualdescriptionsfoundin thesectionsfor theindividual
objectsrespectively tableswill illustrate this problem. To stayascloseaspossibleto the real im-
plementationandto avoid introducingeven moreclasses,I tried to establisha one-to-onemapping
betweentablesandclasses.

AnotherproblemI hadto dealwith wasthemixtureof languages.The tablesandfieldsusedin
thedatabasearegermanor abbreviationsof germanwords.SoI couldn’t usethenamesof thefields
andtablesfrom thedatabasewithin thediagrams.

Sothefollowing conventionsareusedfor theclassdiagramswithin thischapter:

� Thestereotypefieldsare(mis-)usedto namethetabletheobjectsarestoredin, and/orthefields
their identity is representedwith. Unfortunately, thiswastheonly way to placenotesinline.

33



CHAPTER5. THE AFTERSALESDATA 34

� The attributesshown in the diagramdo not reflect the identifiersor typesusedwithin the
database.They justgive somehint of whatdatais storedwithin anobject.I alsoomittedsome
fields which were redundantor insignificant. Putting all attributesfrom the EPC or FDOK
databaseschematainto thediagramswould renderthemunreadable.

� TheCASEtool TogetherJdoesnot correctlydraw qualifiers. As they arequiteconfusingthe
way they aredrawn, I omittedthemcompletely.

Sinceonly datais modeled,theclassesdonotdefineany operations.

5.2 EPC - StarParts

5.2.1 Utilization of Parts Information

TheElectronicPartsCataloguesareusedto identify whichpartsarebuilt into aspecificvehicle.
This informationis neededat thebranchesfor exampleto sell partsdirectly to thecustomer, or

to orderpartsneededfor a repair. It is alsousedinternally, for exampleto supporttheauthoringof
servicedocuments.

With theintroductionof StarNetwork this identificationprocessis totally imagebased.Theuser
selectsapartonanillustrationandimmediatelyseesthecorrespondingpartrecord(=partdescription).

Unfortunately, theselectionof theproperpartis not fully automatically. At leastnotwith thedata
comingfrom thelegacy ELDAS authoringsystem.Someinformationmuststill bemanuallygathered
and reviewed from footnotesand so-calledsupplementarytexts. Therefore,the part identification
processcanstill beerror-prone.

5.2.2 Overview

Electronicpartscataloguescontainimagesandpartsinformation.Imagesarestoredwithin adirectory
tree,partsinformationin a relationaldatabaseschemaconsistingof 26 tables.AppendixA.1 showsa
completelist of all tablesalongwith ashortdescription.

supplementary texts

*

special version catalogues

*

model catalogues

* *

supplementary texts

*

special version catalogues

*

model catalogues

EPC

<<table KATALOG, field KAT_NR>>

ModelCatalog

 VehicleClassTags vehicleClasses

 AreaCountryCode areaCode

<<table SA_BEN, field RUMPF>>

SpecialVersionCatalog

 String[] name

 VehicleClassTags vehicleClasses

 AreaCountryCode areaCode

 SVConditionCodes codes

<<table BEITEXT>>

SupplementaryText

 String[] text

 JulianDate date

Figure5.1: Overview of ElectronicPartsCataloguesdatabase
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As shown in thefigure5.1,theEPCdatabasecanbedividedinto threesubsets:

� modelcatalogues(describedin section5.2.4).

� specialversioncatalogues(describedin section5.2.5)

� supplementarytexts (describedin section5.2.7)

Thesesubsetsare loadedindependentlyinto the database.The next sectionsdescribethesethree
subsetsin detail. Additional information is found in the appendix:A.5 containsthe SQL schema
definition,andA.4 maybeveryhelpful if youdon’t understandgermanasit containsa referenceand
translationfor all field namesfoundin thedatabaseschema.

5.2.3 LanguageSupport

Thepartsdatabasesupportssix languages,listedin thefollowing table(5.1).

language suffix value

neutral notused 0
English _E 1
French _F 2
Spanish _S 3
Portuguese _P 4
Italian _I 5
German _D 7

Table5.1: Languagessupportedby EPC.

In the classdiagrams,I consistentlyusedstring arrays(String[]) to representthe fact that a de-
scription,name,or title is availablein severallanguages.A two dimensionalarray(String[][]) means
thatthereareseverallinesof languagedependenttext. Within thedatabase,eachline of text is stored
in aseparaterow of therespective table.

Threedifferentmethodsareusedto representlanguagespecificdatain thepartsdatabase:

� A separatecolumnis usedfor eachlanguage,usinga suffix for eachlanguage(seetable5.1
above). This is themostcommonmethod.Thesuffix ’_X’ is usedfor thosenameswithin this
thesis.

� A specialcolumnwhich identifiesthe language.This is usedonly for footnotesandspecial
versioncatalognames.

� Onetablefor eachlanguage.Thismethodis only usedfor imagegrouptitles. Thetablenames
have thesamesuffixesasusedfor thecolumns.

Thedifferentmethodsto storelanguagespecificdataresultfrom thelegacy inputdatafiles. If multiple
lineswereusedthereto storethetext, thenmultiple rowsareusedin thedatabaseaswell.
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5.2.4 Model Catalogues

Modelcataloguescontaintheimagesandpartsdatafor theregularmodels,withoutany specialversion
equipment.Theclassdiagram5.2shows theobjectsandassociationscontainedin theregularmodel
catalogues.In the following sectionstheobjects,attributes,andassociationsshown on thediagram
and their representationwithin the databaseschemaareexplained. All datacontainedin a model
catalogexceptthe informationaboutimagesis convertedandloadedinto thedatabasefrom a single
file.

Model Catalogues(table KATALOG)

A modelcatalogueis a closedunit containingpart records,footnotes,imagereferences,andmodel
informationfor themainvehicleor aggregatemodels.It cancontaindatafor up to 22 vehiclemod-
els. This is a historical limitation, asthat wasthe numberof columnswhich could be shown on a
microfiche.A modelcatalogis identifiedby athreecharacterid (KAT_NR).A columnwith thisname
is foundin theprimarykey of all tablesusedfor themodelcatalogues.

Two attributesspecifywhichvehicleclassesacatalogis valid for (columnSORT_KLASSE),and
for which arearespectively countrya catalogis used(columnBER_CODE).AppendixA.2 lists all
valid areacodesandA.3 all vehicleclassidentifiers.

As thepartrecordsin amodelcatalogdocumentall modelsin parallel,mostlysimilarmodelsare
groupedtogetherin onecatalog.This savesspace,asonly onepart recordhasto beusedfor a part
which is valid for all models.Whereverpartsaredifferentlyusedamongmodels,severalpartrecords
have to beused.This is becauseonepart recorddescribesfor exactly onepart themodelsit is built
into. Seesectionaboutpartrecordsfor details.

Models (table BAUMUSTER)

A model,which caneitherbe a chassismodelor an aggregatemodel,is identifiedwithin a catalog
by two three-digitnumbers:BR (model line, for german:Baureihe)andBM (model, for german:
Baumuster).

Thefollowing table(5.2)givessomeexamplesof models.

catalog BR BM modeltype name

45Z 208 465 chassis CLK 320USA
46C 208 465 chassis CLK 320JAPAN
35G 904 323 chassis SPRINTER408D
19N 111 974 motor M 111E23USA
19L 111 974 motor M 111E23JAPAN
07E 717 450 transmission GL 76/30A-5
01J 730 408 front axle VL 0/6CE- 1,6/RS3550
01Y 763 000 steering LZS 1

Table5.2: Examplesof vehicleandaggregatemodels.

A type field is usedto distinguishbetweenaggregateandchassismodels. For chassismodels,
all aggregatemodelswhich canbebuilt into it arefoundin thetableFGST_AGG.Vice versa,for an
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<<table TPOS>>

PartRecord

 String[] partName

 boolean leftHandManual

 boolean leftHandAutomatic

 boolean rightHandManual

 boolean rightHandAutomatic

 Components[] components

 ConditionCodes conditions

<<fields ...TNR...>>

PartNumber

<<table FUSSNOTE>>

Footnote

 String[][] fn_text

<<table FUNO_TAB>>

TableFootnote

<<table MAPS>>

ImageNumber

<<table BEITEXT>>
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 String[] title

<<file>>
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Figure5.2: Pseudoclassdiagramof modelcatalogobjects

aggregatemodel,all chassismodelswhichit canbeusedwith arelistedin AGG_FGST. Notethatthis
is redundantandanartifactof theway thedatais dividedup into catalogues.

Thedatafor onemodelextendsover two or morerows in thedatabasetable: In thefirst row, the
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typeof themodelandthecolumncontaininga languageneutraldescription(VERK_BEZ)arevalid.
The following rows containoneor morelinesof descriptions,wherethecolumnsfor the respective
languages(BESCHR_X)arevalid.

Construction Groups(table KG)

The imagereferences,parts,andfootnotesareorganizedin constructionsgroups. They areshown
in thediagramas’part-of’ a constructiongroup.Thetwo-digit constructiongroupidentifier’KG’ is
foundin theprimarykey of all tablesusedto storethatobjects.

Thefollowing table(5.3)showssomeexamples:

KG title (english)

20 ENGINECOOLINGSYSTEM
25 CLUTCH
40 WHEELS
54 ELECTRICAL EQUIPMENT AND INSTRUMENTS
72 DOORS
82 ELECTRICAL SYSTEM
91 FRONT SEATS

Table5.3: Examplesof constructiongroups.

ImageGroups(TU)

Part recordsandimagesaredividedupinto imagegroups,whichis aratherarbitrarysubdivision. It is
just a rangeof partrecordsshown on typically betweenoneandfive illustrations.An imagegroupis
identifiedby the3-digit field TU (partsaccumulation,for german:Teileumfang).Eachimagegroup
is assigneda title, which is storedin a separatetablefor eachlanguage(the BT_NAME_X tables).
Thesubdivision into imagegroupsis not alwaysstableamongreleasesof modelcatalogues.Images
andpartsaresometimesreorganizedinto new imagegroups.

Imagesand ImageNumbers

An imageshown in thepartscataloguesis typically a constructiondiagramshowing someparts.The
attributesfrom tableBILDTAFEL areusedsolely to constructthefilenamefor the imagesfoundon
disk. A releasedateis usedto distinguishbetweenseveral releasesof animage.This releasedateis
necessarybecauseit happensthatdifferentmodelcataloguesreferto distinctreleasedatesof thesame
image.

On an image,several partsare shown with numbersnearthem. The table MAPS tells which
imagenumbers(field BILD_NR) areshown to the useron an image. Within an imagegroup,an
imagenumberis alwaysusedfor the samepart, andmay be shown redundantlyon morethanone
image.

Imagefiles arenot storedwithin the database.The imagefiles containadditionalinformation
whichtells theStarPartsapplicationaboutenclosingpolygonsof thepartshown for animagenumber.
Thismakesit possibleto highlight thepartswhenthey areselectedby theuser.
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Part Numbers.

Part numbersareuniqueandstableidentifiersassignedto parts. Whenever a columncontainsthe
string ’TNR’ (Teilenummer), it containsoneor morepartnumbers.Most partnumberscontainthe
modelline (BR) they areusedfor asaprefix.

Part Records(table TPOS)

This is themainobjectin thepartscatalogues.Most recordscontaina valid partnumberin thefield
TNR, but therearealsosomenoterecordswith thespecialpartnumber’XX...XX’.

A part recorddescribesunderwhich conditionsits part was usedwithin a specificvehicle or
aggregate.Someconditionsareonly availableasnaturaltext linkedto thepartrecordasfootnotesor
so-calledsupplementarytext.

Someconditionscanbeevaluatedautomatically. Examplesfor thataresomeflagswhich indicate
whetherthepartis beingusedwith a vehiclewhichhasleft or right handdrive anda manualor auto-
matic transmission.Thereis alsoa field calledCODE_BDGwhich containssomespecialcondition
codenumbers.For utility vehicles,thefieldsstartingwith ’KP_’ list somecomponentmainnumbers
andtheir so-calledstrokeversionsthepartis usedwith.

A partrecordalsotells in whichamountthenamedpartnumberwasbuilt into thevehiclemodels
thecatalogis valid for. Thisassociationwascarefullyhidden:ThestringattributeALLE_MENGEN
lists the amountas 22 three-digitnumbers. The table for the respective models(BAUMUSTER)
containsa columnPOS_NRwhich identifiesthestartingpositionwithin this string for eachmodel.
Youcanthink of thisasamatrix,wheremodelsarethecolumnsandpartrecordstherows.

A partrecordis uniquelyidentifiedby thecatalogid, theconstructiongroup,andasimplerunning
number(LFD_NR). That runningnumberssometimeschangebetweenreleasesof a modelcatalog,
but aremostly stable. This will changewhenthe plannedconversionfrom the new partsauthoring
systemsDIALOG andTINA is complete.Thentherunningnumberswill beassignedtemporarilyfor
eachsnapshotconversion.

Sometimesa part is beingreplacedby others,for exampleif therewerenew versionsof thepart
availableandtheoriginalpartis notproducedanymore.Becauseonemightsearchfor theoriginalpart
number, thepartrecordis not deleted,but insteada flag is setandanotherfield lists thereplacement
partnumber(s).

Anotherflag is setif thereareequivalentpartswhichareinterchangeablewith theparta recordis
for. Thenanattributelists thepartnumbersandrespectiveamountswhichcanbeusedinsteadof this
part.Thishappensfor examplewhenequivalentpartsareprovidedby morethanoneexternalvendor.

Section5.2.11about the changesbetweenthe EPC releasescontainssomeexamplesfor part
records.

SelectingValid Imagesfor Part Records

The part recordscontainthe referencesto the imagenumbersusedwithin an imagegroup. After
detectingwhich imagenumbersarereferencedby valid partrecords,thetableMAPS is usedfor the
solepurposeof detectingwhich imagesin the particularimagegroupshow the valid parts,as this
tableestablishesanassociationbetweenimagesandimagenumbers.
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Footnotes(tablesFUSSNOTE and FUNO_TAB)

A footnoteconsistsof oneor morelinesof text. Eachline is eitherlanguageneutralor availablein all
supportedlanguages.A footnoteis identifiedwithin aconstructiongroupby auniquenumber(column
FN_NR).The line numberwithin a footnotewassplit amongtwo columnscalledFN_FOLGEand
FN_ZEILE,which is anartifactfrom theconversionprocess.Thelanguageof a line is determinedby
aseparatecolumncalledFN_SPRACHE(footnotelanguage).

Somefootnotesaregroupedtogetherto form a tablefootnote.This is oftenusedfor color tables,
which arereferencedwhena part is availablein several differentcolors. Thesetablefootnotesare
storedin aseparatedatabasetablecalledFUNO_TAB. ThecolumnBLOCK_ZAEHLERin thattable
is then usedto group footnotes. If one of the footnotesnumberscontainedin a table footnoteis
referencedfrom a partrecord,all footnotelineswith thesamevaluein thiscolumnareshown.

A consequenceof theuseof two separatedatabasetablesis thatonemighthave to look into both
to find a referencedfootnotenumber.

5.2.5 SpecialVersionCatalogues

Specialversioncataloguescontain imagesand partsdatafor specialversions. The examplesfor
specialversionscontainedin thecorrespondingsectionbelow give anideaof whata specialversion
canbe. Figure5.3 shows a classdiagramof the objectscontainedin a specialversioncatalogand
their associations.Specialversioncatalogdatais loadedseparatelyfrom modelcatalogdatainto the
database.All datafor a specialversionexcepttheinformationaboutimagesoriginatesfrom a single
file.

Specialversionsarealwaysrelativeto somespecificvehiclemodels.Thecataloguesfor themwill
only containthe differencesto thesemodels. Section5.2.6will illustratethe connectionsbetween
specialversionsandregularmodels.

Specialversioncataloguesarein many waysverysimilarto modelcatalogues,but thehierarchical
view is totally different.Sincethey list only partscontainedin a few variantsof a specialversionand
notall partsfrom acompletevehicle,they aremuchsmallerthanmodelcatalogues.

SpecialVersionCatalogues(table SA_BEN)

A specialversioncatalogis a closedunit containingpart records,footnotes,imagereferences,and
informationaboutsub-variantsof a specificspecialversioncalledstroke versions.A specialversion
is identifiedby thesix-placemainnumbercalledRUMPF. A columnwith this namebelongsto the
primarykey of all tablescontainingspecialversiondata.

ThetableSA_BENcontainstwo attributeswhich specifywhich vehicleclassesa catalogis valid
for, andfor whicharearespectively countryit is used.Thesearethesameattributes(SORT_KLASSE
respectively BER_CODE)asusedfor the modelcatalogues.AppendicesA.2 andA.3 list all valid
areacodesandvehicleclassidentifiers.

Additionally, thereis a conditionfield calledCODE_BDG,which specifiessomeconditionsfor
how thespecialversionmaybeused.Anothercolumncontainsthenameusedfor thespecialversion,
usingoneline respectively databasetablerow for eachlanguage.Thefollowing table(5.4)givessome
examplesof specialversions.
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Figure5.3: Pseudoclassdiagramof specialversioncatalogobjects

StrokeVersions

A stroke versionis a sub-variantof a specialversion. It is identifiedby a 2 digit number, so there
are up to 99 stroke versionsper specialversionmain number. Somestroke versionsexcludeone
another, othersmustbecombined.Therefore,for fully specifyingwhich specialversionvariantsare
usedwithin avehicle,morethanonestrokeversionmighthave to begivenfor aspecialversionmain
number. All databasetableswhich containstroke versionspecificinformationhave a field named
STRICH_AUSF(strokeversion)within theirprimarykey.

ThetableSA_TITEL containssomelinesof title for eachstroke versionandoptionalreferences
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mainnumber specialversionname

12318 ENGINEPARTS W/CRUISECONTROL (TEMPOMAT)
12439 AIR POLLUTION CONTROL
10987 MAXIMUM SPEEDLABEL FORUSEWITH M & STIRES
11341 SAFETY-BELT/SPEEDWARNING SYSTEM;FORGULF STATESONLY

086709 WOODENFLOOR
086768 CHASSISPARTS FORLONGERWHEELBASE
086746 FIREEXTINGUISHER
500004 SV ENGINEREARSUPPORT

Table5.4: Examplesof specialversions.

to up to five footnotes.Also, thereis a field which specifiesup to 20 specialversionmainnumbers
which arein someway connectedto a stroke version.An examplefor this is a stroke versionfor an
antennaconnectedto thespecialversionmainnumbersof variousradiomodels.

Thefollowing table(5.5)givesanexampleof stroke versionsfor therearenginespecialversion
shown in thelasttable.It is alsoanexamplefor how multi-line text is storedwithin adatabasetable.

mainno. strokevers. line strokeversiontitle

500004 01 0 ONLY WITH MECHANICAL TRANSMISSION

500004 02 0 ONLY USEDW/AUTOMATIC 4-SPEED
500004 02 1 TRANSMISSION

500004 03 0 ONLY USEDW/AUTOMATIC 5-SPEED
500004 03 1 TRANSMISSION

500004 04 0 WITH AUTOMATIC TRANSMISSION,MAIL VEHICLES
500004 05 0 ONLY WITH MANUAL TRANSMISSIONPOORROAD
500004 05 1 VERSION,CODEZ11

500004 06 0 ONLY WITH MANUAL TRANSMISSIONPOORROAD
500004 06 1 VERSION,CODEZ11AND WITH PTO CODEN05/N07

500004 07 0 ONLY WITH AUTOMATIC TRANSMISSIONPOORROAD
500004 07 1 VERSION,CODEZ11

Table5.5: Examplesof strokeversions.

As I wastold, oneproblemis thatthesix digit mainnumbersaregettingexhausted.Sothestroke
versionsaremisusedto extendthenumberspaceandto packspecialversionstogetherwhichhaveno
relationship.

StrokeVersion Inter val

Stroke versionsaredividedup into 10 intervals,usingsomekind of fixedaggregation. Thereareten
stroke versionintervals. Interval 1 containsstroke versions1 to 10, interval 2 stroke versions11 to
20,andsoon.

Theonly placewherethestrokeversioninterval is explicitly usedis for partrecords.A partrecord
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is attachedto anintervalanddescribesthetenstrokeversionsof theinterval in parallel.Seethesection
aboutspecialversionpartrecordsbelow for details.

SpecialVersion Imagesand ImageNumbers

Specialversionimagesareusedsimilarto theimagesusedfor modelcatalogues.Seetherefor details.
The tablesusedto storethe imageidentifiersandimagenumbersarecalledSA_BILDTAFEL and
SA_MAPS,respectively.

Part Numbers

The part numbersareusedexactly the sameway asdescribedfor modelcatalogues.Seetherefor
details.

SpecialVersionPart Records(table SA_TPOS)

This is the main objecttype in the specialversioncatalogues.A part recordis attachedto a stroke
versioninterval using the primary key attribute INTERV. A part recorddescribesif and in which
amounta partnumberis usedwithin thestroke versionscontainedin that interval. This association
is similar to that betweenmodel part recordsand models. The string attribute ALLE_MENGEN
containsten3 digit amountsfor eachstroke version.This correspondsto theassociation’built into’
shown in thediagram.Again,think of thatasamatrix for eachinterval, wherestrokeversionsarethe
columnsandpartrecordstherows.

As within modelcatalogues,a runningnumberis usedto distinguishbetweenpart recordscon-
tainedin thesameinterval. Two flagstell whetherthepartrecordis valid for vehicleswith left or right
handdrive.

Replacementof partsandinterchangeablepartsarehandledthesameway asfor thepartrecords
for models.

A specialversionpart recordmay alsospecifya part from a modelcatalogwhich is not built
into a vehicleif it containsthe respective specialversion. The sensebehindthis was,that onehas
to remove somepartsto build in the specialversioncomponent.This partsremoval is the reason
why thedistinctdocumentationof modelsandspecialversionsis alsocalledthe ’positive-negative’
documentationmethod.Themodernpartauthoringsystemsjustmodelavehicleasanabstractchassis
into whichalternatecomponentsandsubcomponentscanbebuild.

SpecialVersionFootnotes

The footnotesfor specialversioncataloguesareorganizedthesameway asthosefor regularmodel
catalogues.Seetherefor details.

5.2.6 ConnectionsBetweenModelsand SpecialVersions

Classdiagram5.4shows theconnectionsbetweenmodelcatalogobjectsandthestrokeversionscon-
tainedin specialversioncatalogues.

Therearetwo independentlymaintainedconnections:The tableSA_VERWENDUNG (special
versionusage)lists all specialversionsusablewith a constructiongroup. This tableis fed with data
containedin modelcatalogues.In fact,thedatais containedin a footnotehaving themagicfootnote
number999. Anothertable,SA_UBM, lists all vehicleor aggregatemodelsa stroke versioncanbe
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Figure5.4: Connectionsbetweenmodelcataloguesandspecialversioncatalogues

built into. Thattableis fedwith datafrom thespecialversioncataloguesinputfile. Thesetof models
for astrokeversionis codedinto theattributesBR andUBM. Theformeridentifiesthemodelline and
thelatteris a stringcontaininga list of modelsor modelranges’...BIS...’, where’BIS’ is germanfor
’ to’. Example:BR=730,UBM=”409411BIS413414”.TheUBM field cansometimesbevery long,
e.g.morethan200characters.

5.2.7 SupplementaryTexts

Thesupplementarytext classis shown on theclassdiagramsof bothmodelandspecialversioncata-
logues.

Its associatedtable BEITEXT containsa line of text in eachlanguageidentified by a special
attribute ADR_ERG_TEXT. This attribute sometimesbegins with the constructiongroupwhenthe
text is constructiongroupspecific.It alsocontainsa julian datewhich tells whentherecordwaslast
changedor whenit wascreated.A supplementarytext canbeeverythingwhichmakessensefor apart.
It mayfor examplebea moreprecisedescriptionof thepart,a conditionfor its use,or a description
whereit’ sbuilt-in. Someexamplesfollow:

AUTOMATIC HEATING (BURLED WALNUT)
DIVIDED LENGTHWISE
TRITON GREY
USEDWITH HITCHING MECHANISM
USEDWITH "EXCLUSIVE" LEATHERTRIM, LEFT
USEDWITH CENTRAL LOCKING MECHANISM, LEFT
UPTO THE END OFMODEL YEAR ’91
ONLY APPLICABLE TO VEHICLESEQUIPPEDWITH ONEOFTHE FOLLOWING SA’S:
FROM PUMPHOUSINGTO CARRIERASSEMBLY
SCREENINGPLATE TO CYLINDER HEAD COVER
MUST NOT BE EXCHANGEDINDIVIDU ALLY
FIRSTEXHAUSTSTOCK OFOLD PARTSUPTO IDENT NO.

Supplementarytexts areloadedinto thedatabasefrom a separatefile. Very few supplementarytexts
areextractedfrom modelor specialversioncataloginputfiles. Seenext sectionfor informationabout
how datais loadedinto StarDB.

5.2.8 Conversionof LegacyEPC Data to StarParts Database

This sectiondescribeshow datais currentlyconvertedandloadedinto the StarPartsdatabase.The
conversiondescribedhereis basedon several’GNU Awk’ scripts.Awk is a languagedesignedespe-
cially for processingof textualdata.
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It is plannedthattheconversionprocessis switchedoverto usingJavaprogramsin thenearfuture.
Diagram5.5shows theinputfiles,programs,anddataflowsof theconversionprocess.
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Figure5.5: Inputfiles,programs,anddataflows for conversionof EPCdatato StarPartsdatabase

Thereasonwhy theAwk script ’kat.awk’ is drawn threetimesis that it’ s invokedseparatelyfor
eachmodelandspecialversioncatalogfile, andfor thefile containingsupplementarytexts. Placingit
onlyonetimemightincorrectlysuggestacoordinationbetweeninputfiles. Thearrow fromthecatalog
conversioninvocationsto thesupplementarytext tableis dottedbecauseit is usedveryseldom.
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Synchronizationof input files is achievedsimply by anassumption:it is assumedthat input files
whichareavailableat thesametimearemutuallyconsistent.. .

Beforedatais fedinto theonlineStarNetworkdatabase,atemporarydatabaseis loadedtoseeif the
input datawasobviously incorrector inconsistentor if somethingwasbrokenduringtheconversion
process.NotethattheAwk scriptsdo not directly feeddatainto a database,but insteadjust generate
importablefiles.

Thedatacollectedfrom all typesof input files is alwaysa full snapshotof somecataloguesor of
thesupplementarytexts. Almost alwayssomeprimarykeys have changedbetweensnapshots.This
is becausemostof thekeys containline numbersandotherrunningnumbers.So in orderto fed the
new datainto thedatabase,all recordsbelongingto thechangedcatalogueswill bedeleted,andin the
sametransactionthenew recordsareinsertedinto thedatabase.Thedatavolumeof suchatransaction
is about10-100MB.

Thenext sectionsdescribetheconversionprocesseswith moredetail.

Model CatalogConversion

Diagram5.6showshow amodelcataloginputfile is structured,andwhichsectionsarefedinto which
table(s).

77 catalog record

22 model record
...

22 model record

88 construction group record

99 start of image group tag with1−5  image file no.
99 part record
99 ...
99 part record

99 start of image group tag with 1−5 image file no.
99 part record
99 ... ...
99 ... ...

AA footnote record
AA ...
AA footnote record

88 construction group record
8/9/A ... ... ...
8/9/A ... ... ...

supplementary texts
 (BEITEXT)

footnotes
 (FUSSNOTE + FUNO_TAB)

models
 (BAUMUSTER)

model−to−model
 (AGG_FGST+FGST_AGG)

temporary: model positions
 (BM_POS)

construction groups
 (KG)

 model catalogs
 (KATALOG)

part records
(TPOS)

constr. group−to−stroke version
 (SA_VERWENDUNG)

image group titles
 (BT_NAME_X)

model catalog

set model
position

Figure5.6: Conversionof modelcatalog

Thenumberon theleft of eachinput recordis therecordtype1 asdefinedwithin theMB internal
document“InterfaceELDAS to EPC” [ELD97]. Every modelcatalogbeginswith a recordtype’7’,

1Thegermanabbreviation usedfor recordtypeis SA=Satzart.Unfortunately, this is thesameasthoseusedfor special
versionsSA=Sonderausstattung.ThiscanbeconfusingwhenreadingMB internaldocuments.
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which containsall necessaryinformationfor themodelcatalogtable(KATALOG). Theinformation
aboutthe position for eachmodel within part records2 is also containedhere,so an intermediate
temporarytablecalledBM_POSis usedto storeit (which is not reallynecessary).Thedatafrom this
tableis latertransferredinto themodeltableusingSQL,asshown by thearrow ’setmodelposition’.

After that initial record,several recordstype ’2’ follow. The datafrom theseis loadedinto the
modeltable(BAUMUSTER).If thecatalogis for chassismodels,thechassisto aggregatemappingta-
bleFGST_AGGis filled. Else,datais suppliedto theaggregateto chassismappingtableAGG_FGST.

Therecordsfollowing themodelrecordsaredividedupinto constructiongroups.Everyconstruc-
tion groupstartswith a recordtype ’8’, which containsjust all the datafor the constructiongroup
table.Whatlucky chance. . .

Thepartrecords(type’9’) within a constructiongrouparefurtherdividedup into imagegroups.
Thestartof animagegroupis definedbyarecordcontainingaspecialflagand1-5imagefile numbers.
The first one is storedinto the imagefile numberfield BT_NR3 of all the following part records
converted. The imagegroupidentifierfield TU of thepart recordsis laterfilled in usingthis image
numbercombinedwith thedatacontainedin theimagereferencesfile.

Very few partrecordscontainsomeadditionaltext. In thatcase,auniqueaddressis generatedfor
thattext with which it canbeloadedinto thesupplementarytexts table.

Within eachconstructiongroup,footnoterecords(type’A’) arefollowing afterall thepartrecords.
Eachfootnoterecordcancontainseverallinesof text. This is why theline numberingin thefootnote
databasetablesis split up amongtwo columns:Thefirst one,namedFN_FOLGE,takestherunning
numbercontainedin eachfootnoterecord,thesecond,namedFN_ZEILE,countsthelinescontained
in onefootnoterecord.If a footnoterecordhasa specialstartmarker, all footnotesfollowing thatare
groupedtogetherto form a tablefootnoteuntil a footnoterecordwith anendmarker is reached.

Two specialfootnotesare evaluated: The footnote’1’, which containsthe titles of the image
groupswithin a constructiongroup,and the footnote’999’, containingthe specialversionsusable
with thatconstructiongroup.

SpecialVersionCatalogConversion

Similar to themodelcatalogconversion,diagram5.7showshow aspecialversioncataloginputfile is
structured,andwhichsectionsarefed into which table(s).

The structureof the file is similar to that of modelcatalogfiles. Eachspecialversioncatalog
startswith a recordtype ’6’, from which datais fed into the specialversionstableSA_BEN.After
that, several recordstype ’C’ describingstroke versionsfollow. Theserecordscan either contain
model identifiers,in which casethat information is fed into the specialversionto modelmapping
tableSA_UBM, or title data,which is loadedinto thestrokeversionstableSA_TITEL.

Supplementarytext is extractedfrom specialversionpart recordsas from model catalogpart
records,andfootnotesareevaluatedthesamewayasthosefor modelcatalogues.

SupplementaryTexts

Most supplementarytexts are loadedfrom a separatefile. This file containsonly type ’5’ records
containingthesupplementarytext in all supportedlanguages.Theserecordscontainalsothedateof
lastchangeor creationasa5 characterJuliandate’YYDDD’ . . .

2Seesectiondescribingpartrecords!
3not to bemixedupwith theimagenumberattributeBILD_NR.
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66 special version catalog record

CC stroke version record
...

CC stroke version record

DD part record
DD ...
DD part record

EE footnote record
EE ...
EE footnote record

special version catalog

supplementary texts
 (BEITEXT)

special versions
 (SA_BEN)

stroke versions
 (SA_TITEL)

special version−to−model
(SA_UBM)

sp. vers. part records
 (SA_TPOS)

sp. vers. footnotes
 (SA_FUSSNOTE+SA_FUNO_TAB)

Figure5.7: Conversionof specialversioncatalog

ImageMaps

Imagemapfiles areproducedwhentheenclosingrectanglesandimagenumbersof partsshown on
imagesaredetectedwith somekind of specialOCRsoftware(mentionedin 3.1).Theimagenumbers
areextractedfrom theimagemapfilesandstoredinto oneof thetablesMAPSor SA_MAPS.

Currently, the imagemapsarenot used.They weregenerateddirectly by theOCRsoftware,so
themapsreflectedtheautomaticallydetectedimagenumbersfoundon theimages,andnot thosethat
werecorrecteddueto manualreview.

ImageReferences

Imagereferencesfilescontaina list of imagefilesandimagefile numbersusedby acatalog.It is used
to fill the imagereferencetableBILDTAFEL andto createa scriptwhich will copy the imagefiles
neededinto thedirectoryusedfor thatcatalog.

The imagefile numberis alsostoredinto the database,becauseit will later be usedto fill the
imagegroupidentifier field TU of the part records.The next sectioncontainsan exampleof these
imagereferencefiles.

ImageFiles

arejust copiedto theappropriatelocationby thescriptcreatedwhentheimagereferencesfiles were
evaluated.

Noteabout Data Consistency

Duringuseof theStarPartsapplication,datafromdifferenttablesis joinedtogetherusingSQLqueries.
If datadoesnotfit together, it normallywill beomittedfrom theresultsetsof thesequeries.Soif data
is currentlyinconsistentor missing,someparts,images,specialversions,footnotes,. . . might notbe
accessibleto theuser, withoutany specialnotificationaboutthatfact.
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5.2.9 Statisticsfor EPC Database

Currently, thereareabout3000modelcataloguesandabout12.000specialversioncataloguesavail-
able. About 1200modelcataloguesarecreatedfor Europe,occupying about6 GB, so the total size
of the EPCdatabasecanbe estimatedto be about15 GB. The total numberof imagefiles is about
100,000(about1 GB).

ThereferenceinstallationI usedcovers130modelcataloguesand773specialversioncatalogues.
Thetotalnumberof specialversionsfoundin theSA_BENtableis about3580,but many containonly
somenotelike ’seestandardmicrofiche’in their title.

The size of this referencedatabaseis about300 MB when storedwithin a MySQL database.
Storingthedatawithin anDB2 or Oracledatabaseoccupiesbetween2-3 timesthisspace.

The following tableshow somestatisticsfor themodelcatalogues.Theminimum,average,and
maximumcountsarepermodelcatalog.

entity total min avg max size(MB)

catalogues 129 - - - 0.005
models 1215 1 9 40 0.6
constructiongroups 1952 1 15 46 0.2
imagegroups 7904 0 61 213 3
images 11438 1 89 322 0.5
imagenumbers 380963 8 2953 11970 19
partrecords 397149 26 3103 14514 93
footnotes 26989 1 209 1116 -
tablefootnotes 5805 0 46 392 -
tablefootnotes!= 1 3871 0 30 125 -
footnotelines 175639 6 1362 10388 14
tablefn. lines 746381 0 5786 26749 110
tablefn. lines!= 1 78762 0 610 10973 9

Table5.6: Sizesof modelcatalogtables.

The ’table footnotes!= 1’ will be explainedin the next section. Oneshouldknow that aggre-
gatemodelcataloguesaremuchsmallerthanthosefor chassismodels.Aggregatemodelcatalogues
contain1-2 constructiongroupsfor axisor transmissionmodels,andabout10-15for enginemodels.
Chassismodelcataloguescontainbetween20and50constructiongroups.

Table5.7shows statisticsfor thespecialversioncatalogues.I omittedtheminimumandaverage
valuesfor thespecialversioncataloguesasthey arenotverymeaningful.Thisis becausemany special
versioncataloguesdonotcontainall typesof entities.

Thetablesshow that thespecialversioncataloguesaremuchsmallerthanthemodelcatalogues.
Table5.8 shows the sizesof the mappingtablesbetweenthesetwo catalogtypesandbetweenthe
differenttypesof models.Themappingsbetweenchassisandaggregatemodelsarevery small,but
thosebetweenmodelsandspecialversionsarequitelarge.

Theimagefiles for thecataloguesin thereferenceinstallationoccupy about110MB whenstored
in onedirectoryper catalog,andonly 65 MB wherestoredin onedirectory(redundantimagesre-
moved).Oneimageis 10KB onaverage,thesmallestimagein thereferenceinstallationwas1.7KB,
thebiggest36KB.



CHAPTER5. THE AFTERSALESDATA 50

entity total max size(MB)

specialversions 3580 - 1.6
strokeversions 17394 93 5.0
images 2382 75 0.1
imagenumbers 22469 719 0.8
partrecords 47082 1731 9
footnotes 5096 145 -
tablefootnotes 365 26 -
footnotelines 117159 3912 10
tablefn. lines 2422 283 0.3

Table5.7: Sizesof specialversioncatalogtables.

entity records sizein MB

chassis -> aggregate 4223 0.2
aggregate-> chassis 7339 0.7
constr. group -> strokeversion 187370 8
strokeversion-> model 40729 3

Table5.8: Sizesof crossreferencetables.

Last but not least, the supplementarytext table is about26 MB, and containsabout120,000
records.But thesecountsdonot increasewhenmorecataloguesareinstalled.

5.2.10 Impr oving the Data Structuresand ConversionProcesses

Impr oving ConsistencyBetweenCataloguesand Images

The imagefile numbers(BT_NR) areusedafter theconversionof a modelcatalogto determinethe
imagegroupa part recordbelongsto. Thefollowing table5.9 givesanexampleof sucha mapping,
containedin thementionedimagereferencesfiles.

Imagefile number(BT_NR) 01 02 03 04 05 06 07 08

Imagegroup(TU) 517 530 545 545 545 560 580 590

Table5.9: Examplemappingcontainedin imagereferencesfile.

The next table5.10shows the startof imagegrouptagsusedwithin the catalog,andthe image
group(TU) thepartrecordsfoundafterthattagwill beassigned.

As theconversionis currentlydone,thefirst imagenumberof eachimagegrouptagis storedinto
eachof the following part records.After the referencefile is loadedinto the imagereferencetable
BILDTAFEL, theimagegroup(TU) of eachpartrecordis initializedwith theTU foundin this table.

Now, asalreadymentioned,thereis a synchronizationgapbetweenthe imagescomingtogether
with thereferencefiles from theRGBGsystemandthepartscataloguescomingfrom eitherELDAS,
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original tag assignedTU

01 517
02 530
030405 545
06 560
07 580
08 590

Table5.10:Exampleof startof imagegrouptagsmappedto imagegroups(TUs).

MAD, or Bell&Howell. Sometimes,imagegroups(TUs) in thecatalogarerearranged.We consider
asanexampleherethat’560’ wasdeleted,and’595’ wasnewly appended.Notethatrearrangements
in suchwaysdo actuallyhappen.The following table5.11shows, how TUs arewrongly assigned
whentheold referencetableis used.This hasno immediatenoticeableeffect, ase.g. anunassigned
imagegroup(TU) wouldbe.

original tag correctTU assignedTU

01 517 517
02 530 530
030405 545 545
06 580 560
07 590 580
08 595 590

Table5.11:Exampleof wrongassignmentof imagegroups(TUs) to startof imagegrouptags.

Now, (nearly)every constructiongroupcontainsa tablefootnotenumberone.This footnotecon-
tainsa list of all imagegroupsalongwith their namesfoundin thatconstructiongroup.As observed,
theseimagegroupidentifiers(TUs)arestableamongsuchrearrangements.Thefootnotesareupdated
correctly. Extractingtheimagegroupidentifiers(TUs) from thatfootnoteswill increaseconsistency,
asversionerrorslike thatdescribedabovearenow detectable.

But, I wastold that therearetwo argumentsagainstthis. The first onewas,that this featureis
undocumented.Second,therearesome,but very few, constructiongroupswithouta footnotenumber
one.

I don’t think thattheseargumentsarejustified,becauseof thefollowing reasons:

� Theremustbesomereasonthatthis footnoteis containedin nearlyall constructiongroups,and
thatthesefootnotesarecarefullymaintained.Sincethis featureis apparentlyusedby someone
(maybeBell&Howell ?),someonehasto completethedocumentation!

� Theawk script implicitly extractstheimagegroupnames(storedin theBT_NAME_X tables)
from thesefootnotes.SinceStarPartsincludesthesein a join operation,usingthecurrentcon-
versionprocessthe imagesfrom constructiongroupswithout the footnote#1 will be omitted
silently!
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� Thosefew constructiongroupscontainingno footnote#1 canberepairedevenmanually. But
it would be betterto determinewhy thoseconstructiongroupslack this footnote,and,where
necessary, fix it in thestandardauthoringprocess.

Detectingversioningerrorsif only the imagesitself are modified is difficult. But inconsistencies
producedby thesearenotasworseasusingthewrongimages,likeshown in theexampleabove.

ReducingDatabaseSizeby Removing UnreferencedFootnotes

This again affectsthefootnotenumberone.All informationcontainedin thosefootnotesis extracted
to theimagenametables,whichstoretheinformationin amorecompactform thanthefootnotes.The
footnotescontainmany emptylineswhicharealsostoredwithin thedatabase.

Thefootnotes#1 areseldomreferenced.Of 2,000constructiongroups,a footnote#1 wasrefer-
encedonly within 5. Thequestionis, whetherthesereferencesareactuallycorrect,sinceit makesfew
senseto referencethesefootnotesfrom apartrecord.

Removing theseunreferencedfootnotesfrom theFUNO_TAB tablein our referenceinstallation
of about130cataloguessavedover100MB space- 92%of thespaceoccupiedby thattableand34%
of thesizeoccupiedby thewholedatabase!

I couldn’t figure out any reasonwhy this shouldnot scaleup to about2.2 GB saved spacefor
all 3,000partscatalogues.This wastedspacemight not hurt muchfor themaindatabaseandMLC
databases,but it doesfor a local installationatadealer’sor workshop’ssite.

Avoiding the Renamingof TableFootnotesBetweenReleases

In the original versionof the conversionscript, the groupingnumber(BLOCK_ZAEHLER) used
for table footnoteswas just one runningnumberfor the whole catalog. This was bad for change
detectionandthegeneratedupdates,sincetheinsertionordeletionof tablefootnotesaffectsall records
following thatmodification.

So I modifiedtheawk script (just 2 lines) to usethefirst footnotenumberin a tablefootnoteas
groupingnumber. Thisalwaysworksandproducesstablegroupingnumbersamongreleases.

ReducingSpaceOccupiedby ImageFiles

The imagefiles are currently storedin one directory for eachcatalog. This producesabout40%
overheadsincemany imagesaresharedamongseveralcatalogues.

5.2.11 ChangesBetweenReleases

This sectionillustratessomeof the morecomplex changesbetweenreleases.Thesechangeswere
challengingfor theanalyzertool, asthesechangesarethereasonwhy heuristicshadto beintroduced
to detectchanges.

SimpleExample for Updateof Part Records

Table5.12shows a quiteamusingexampleof part recordsthat wereobviously renumberedjust for
fun. Betweenthe unchangedrecords4000and4800, the part recordswereassignednew running
numbers,andthecodeconditionfield of oneof therecordswasupdated.
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nr. partnumber description code FN1 FN2 all quantities(ALLE_MENGEN)

4000 A 1703210004 FRONT SPRING 2 -1 002002002002002002002002002nul. . .nul

4500 A 2103211204 FRONT SPRING 2 4 002002002002002002002002002nul. . .nul

4550 A 2023211804 FRONT SPRING 2 4 002002002002002002002002002nul. . .nul

4600 A 2103211404 FRONT SPRING 2 -1 002002002002002002002002002nul. . .nul

4800 A 2023211504 FRONT SPRING 482 2 -1 002002002002002002002002002nul. . .nul

Waschangedto thefollowing in thenew release:

nr. partnumber description code FN1 FN2 all quantities(ALLE_MENGEN)

4000 A 1703210004 FRONT SPRING 2 -1 002002002002002002002002002nul. . .nul

4100 A 2103211204 FRONT SPRING 2 4 002002002002002002002002002nul. . .nul

4200 A 2023211804 FRONT SPRING -488 2 4 002002002002002002002002002nul. . .nul

4300 A 2103211404 FRONT SPRING 2 -1 002002002002002002002002002nul. . .nul

4800 A 2023211504 FRONT SPRING 482 2 -1 002002002002002002002002002nul. . .nul

Table5.12:Exampleshowing runningnumbersof partrecordschangingbetweenreleases.

Thepart recordsshown arenot complete;a full part recordcontains45 attributes.I will explain
someof thefieldsto give anideahereof whatpartrecordsare:TheattributesFN1 andFN2 aretwo
from thesix referencefieldsto footnotes.Thereferencedfootnotenumber2 is a tablefootnotelisting
pointsfor specialversionswhich onemustaddon to ascertainthefront springs.Thefootnoteis too
big to be shown here,but it e.g. saysthat you have to addon 8 pointsfor an air conditionerand3
pointsfor anautomatictransmission.Thefootnotenumber4 saysjust ’Vehicles,Australia’. As you
canseein the all amountsfield, the front springsarebuild two timesinto all the 9 vehiclemodels
this catalogis valid for, which is not very surprising.Thenewly introducedconditioncodeexpresses
thefact that this front springis not built into vehicleshaving the488distribution codewhich means
’sportytuning’. This codecanbefoundfor therespective sportytunedcarsin thevehicledatacards
from theFDOK database.

Reorganizationof Images

As alreadymentioned,imagegroupsandimagesaresometimesreorganized.Thefollowing table5.13
shows the imagefile numbers(BT_NR) andimagegroupidentifiers(TU) containedin construction
group82of threereleasesof themodelcatalog’45H’.

Theimagefile number(BT_NR) 99 is apparentlyusedif someimagesarenot yet available.The
correspondingimagenumber(BILD_NR) fields wereset to ’—–’ to expressthe fact that the part
recordsarenotshown onany image.

Betweenthe first two releases,330 part recordsof about1000in that constructiongroupwere
updated.Dueto the reorganization,therunningnumbersof 220part recordswerechanged,asthey
weremovedto new locations.

Adding NewVehicleModels

As it canget only worse,betweenthe secondandthe third releaseof the last example,5532part
recordsof all 8632containedin thewholecatalogwereupdated.Thishappenedbecauseanew model
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February ’98 March ’98 May ’98

BT_NR TU BT_NR TU BT_NR TU

. . . . . . . . . . . . . . . . . .

09 285 09 285 09 285

101112 315 101112 305 10 305

99 320 1112 320

13 327

13 332 13 332 14 332

1415 335 15 335

1415 336

16171819 338

16 345 16 345 20 345

99 347 21 347

99 360 22 360

17 445 17 445 23 445

18 465 18 465 24 465

19 510 19 510 25 510

20212223 530 20212223 530 26272829 530

24252627 575

28 605 28 605 30 605

29 610 29 610 31 610

Table5.13:Reorganizationof imagegroups(TUs)betweenreleases

was introducedwithin that catalog. Of course,all ALLE_MENGEN stringshad to be updatedto
reflectthefactthatthepartsarebuild into thatnew model.

It happensalso,thattheassignmentof modelsto catalogueschanges.Whenacatalogis full, it will
besplit, andtherespectivemodelsthataremostsimilarareput togetherin oneof thenew catalogues.

This mustalsobeconsideredwhendesigningthesubsetsfor theEPCdatabase,becausetheas-
signmentof modelsto cataloguesis not fixed. If vehiclemodelswould beusedfor subdivision,such
areassignmentwouldalsoaffect thesubdivisionrulesof thedatabase,which introducesanadditional
complexity. An approachof subdividing theEPCdatabasewill bedescribedin section5.2.15.

Updating TableFootnotes

Tablefootnotescanhave up to 100 lines for eachof the 6 languages.So if a line is insertedat the
beginningof a tablefootnote,all 600linesfollowing thatmayhave to beupdated.

5.2.12 Updatesto Images

I alreadymentionedthat the imagesarenot storedin thedatabase,but in thefilesystem.An image
maybesharedamongseveralpartscatalogues.Whenever an imageis revised,a new versionwith a
differentfilenameis created.Theimagefile formatcompressesvery well; in fact,trying to compress
an imagewith ’gzip’ or ’bzip2’ maymake it slightly larger. For that reasonandbecausethebinary
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dataof thenew versionof animagehasnothingin commonwith thatof theold version,I decidednot
to implementachangedetectionfor images.

I alsodo not generateSmartUpdatesfor images.After the databaseupdatesto the imageref-
erencestablehave beenapplied,the targetnodecandownloadthe imagesthatarenewly referenced
from thesourcenode.In anenhancedapproach,thesourcenodewouldsendthenecessaryimagesto
thetargetnodein advance.

Thereareotherapproachesfor selectinga strategy of distributionandlocal cachingof imagesas
well: For nodesthathaveapersistentonlineconnection,it makessenseto loadtheimagesondemand.
Anotherpossibleapproachmight be to storeonly thoseimageslocally thatbelongto themostused
constructiongroups.It will benobig problemwhenanimageis neitherlocally norremotelyavailable
dueto a network or remoteserver outage,sincetheStarPartsapplicationcando without themissing
image.

5.2.13 UsingTimestampReplication

As shown in thepreviouschapter, many changesaredonein a ’verticalmanner’,dueto therunning
numbersusedfor partrecords,footnotelines,andimagefile numbers.If onewouldassigntimestamps
only to records,thiswould leadto anexceedingnumberof changedrecords.But somestepscouldbe
undertakenwhichwouldsoftenthis.

A uniqueidentity is neededwhentimestampreplicationshouldbeeffective. Elsethemoving of
recordswould resulteitherin two delete,insert,or updateoperations.The following stepsdescribe
how theEPCdatabasecouldberedesignedto allow a not-to-ineffectivetimestampreplication.

� Part recordscouldberedesignedto geta uniqueidentity. Theanalyzertool canhandlethis,as
it is ableto matchthenew partrecordsandfootnotescomingwithout identity to theold records
in thereferencetablewhich thencontainanidentityattribute.

� Therunningnumber(LFD_NR) andimagefile number(BT_NR) fieldsof partrecordsshould
not be replicated,as they arenot really needed.The StarPartsapplicationcansort the part
recordsby theimagenumber(BILD_NR) field,whichresultsin averysimilarorderasproduced
by usingtherunningnumber(LFD_NR).

� Two timestampsshouldbeusedfor partrecords,onefor the’all quantities’(ALLE_MENGEN)
field, andonefor therest.

� Footnotelinesarealsoredesignedto geta uniqueidentity. Two separatetimestamps,onefor
all the line numbersandonefor the text field, shouldbe used. If lines areinserted,only the
changedline numberswould have to betransmitted.Theline numberscan’t beomitted,since
thentheorderof linescouldnotbedeterminedby theStarPartsapplication.

� Recordsmustnot bedeletedimmediatelyfrom thedatabase,asthentheinformationaboutthe
deletionis lost. Instead,they would have to beflaggedasdeleted,andthetimestampmustbe
updated.

� Somedatabasetriggerswould have to be introduced(only within the StarDB) to handlethe
updatesto recordsin tableswith two (or more)timestamps,sincethedatabasenormallyupdates
only onetimestampautomatically.
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By redesigningthe datastructuresthis way, a bug in the current implementationof StarNetwork
would alsobefixed. StarNetwork usestherunningnumberof partrecordsin its shoppinglist which
is savedbetweensessions.If therunningnumberof a part recordis changedbetweentwo sessions,
theshoppinglist containsinconsistentinformationwhichmayleadto unpredictableresults.

Thenext sectioncontainssomeupdatesizeswhichallow estimatingthetransmittedamountsusing
this replicationtechnique.

5.2.14 Sizesof Updatesto EPC

This sectioncomparesseveral techniquesof representingupdatesby thesizeof thechangesthatare
produced.Theinformationfoundherewastakenfrom thehistoryof catalogandimageupdatesthat
wasmaintainedby debissinceMarch1998.

Model CatalogUpdates

Within the 6 monthbetweenMarch andSeptember1998,about1,950modelcatalogueswereup-
dated.Thetotal compressedsizeof thesecatalogueswasabout230MB. I selecteda smallersubset
containingdifferenttypesof cataloguesto testtheanalyzertool andestimatethetotal sizeof updates
for all catalogues.Table5.14shows theselectedcatalogues,how oftenthey wereupdatedwithin the
6 month,andthetotalsizeof updatesusingdifferentmethodsfor representingupdates.

catalog avehicle/aggregatemodel #updates snapshot recordbased SmartUpdates

01C G 210-16,Transmission 4 336KB 197.0KB 106.6KB

04S ML 230,All Activity Vehicle 6 1121KB 270.8KB 129.4KB

07B GL 68/20A-5, Transmission 4 156KB 8.6KB 6.8KB

07C GL 76/27A-5, Transmission 4 127KB 6.4KB 5.7KB

09S W 4 A 020,AutomaticTrans. 4 185KB 8.2KB 7.6KB

19T OM 606,DieselEngine 6 708KB 33.8KB 22.9KB

19X M 112E24,GasolineEngine 4 239KB 108.1KB 49.9KB

30L 1831,1835,Truck 4 1461KB 311.7KB 103.5KB

35A Sprinter208D 7 1860KB 194.1KB 96.3KB

44V C 180,Sedan 8 3678KB 466.0KB 167.0KB

45H C 180,StationWagon 8 2353KB 411.9KB 154.3KB

45P E 200Diesel,Sedan 8 3314KB 486.6KB 188.9KB

45Y CLK 200,Coupe 6 2191KB 362.0KB 186.1KB

502 OM 602,BasticEngine 4 830KB 33.3KB 22.2KB

Table5.14:Compressedsizesof updatesto selectedmodelcataloguesusingdifferentmethods.

All sizesin the tablesarefor compresseddatarespectively updates;thesizesfor uncompressed
dataor updatesare20-25timeslarger.

The ’snapshot’column tells how muchdataonewould needto transferif thewholecatalogwould
betransmittedwhenever it waschanged.

The ’recordbased’column tells how big the updatesare if whole recordsare transmittedwhen-
ever they arechanged.This includesrecordsmarkedaschangeddueto relocationof records
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(changesin theprimarykey fields). This sizeis anestimatefor thesizeof updatestransmitted
whenusingtimestampreplication.

The ’Smart Updates’column containsthesizesof the updatesthat arecurrentlygeneratedby the
analyzertool.

Basedonthesizesin table5.14,thetotalamountof updatesfor thesix monthandtheaverageamount
of updatesperweekwasestimated(table5.15).

snapshots recordbased SmartUpdates

6 month 230MB 40MB 15MB
perweek 9 MB 2 MB 0.6MB

Table5.15:Estimatedcompressedsizesof updatesto all modelcataloguesusingdifferentmethods.

Theseestimatedsizesarequitesmall,but it hasto beconsideredthatrevisedcataloguesarecur-
rently releasedonly every few months4. This might besufficient for theCD distribution, but it will
probablyhave to bechangedfor onlineaccesswith StarNetwork or for distributionvia PAID, aselse
thecataloguesarealreadyoutdatedwhentheupdatesaregenerated.

Whencomparingtherecordsupdateapproachwith theSmartUpdateapproach,theplannedcon-
versionfrom thenew authoringsystemsbackto theEPCformathasto beconsidered.Relocationof
recordswill thenhappenmoreoftenthancurrently, sotheupdatesthatarerecordbasedwill become
muchbigger.

SpecialVersionCatalogUpdates

The total amountof specialversioncatalogsnapshotsin the six monthmentionedabove wasabout
70 MB. Thesizeof thegeneratedSmartUpdatesfor those70 MB is only about5 MB. Sincespecial
versionsarenotusedfor new vehiclesanymore,I don’t expectthissizeto increase.

Images

Imagesthatwererevisedor newly createdaredeliveredin archive files togetherwith thementioned
imagereferencefiles. Table5.16shows thenumberandtotal sizesof changedimagesbetweenMay
andSeptember1998perarchivefile.

The ’for days’ columntells for how many dayschangedandnew imagesweregatheredfor an
archivefile. Theaverageamountof new andupdatedimagesis 3.3MB perweek.

5.2.15 Subdividing the Databasefor PAID

SincePAID doesonly install somesubsetsof thedatalocally, a goodway of subdividing datahasto
befound.Therequirementsfor subdivisionarefoundin section4.4.5describingtheSmartUpdates.

It is importantto mentionherethattherearetwo differentviewsto thesubdividing of data,namely
theuser’s view andthesystem’s view. Theusermustnot beconfrontedwith any detailsabouthow
datais dividedup into subsets.This sectionis split up into a partdescribingthesystem’s view, one
for theuser’sview, andonedescribinghow to generatetheformerfrom thelatter.

4Thecataloguesin table5.14wereselectedbecausethey werereleasedmoreoften.
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archivedate for days number total size

1998-05-08 33 1707 16.7MB

1998-05-23 15 461 4.5MB

1998-05-30 7 420 4.1MB

1998-06-06 7 460 4.5MB

1998-06-13 7 135 1.3MB

1998-06-20 7 374 3.7MB

1998-06-27 7 267 2.6MB

1998-07-04 7 330 3.2MB

1998-07-11 7 482 4.7MB

1998-07-18 7 268 2.6MB

1998-07-25 7 679 6.6MB

1998-08-01 7 811 7.9MB

1998-08-08 7 125 1.2MB

1998-08-22 14 234 2.3MB

1998-08-29 7 154 1.5MB

total 146 6907 67.5

Table5.16:Numberandtotalsizesof new andchangedimages.

System’sView on Subdividing EPC

Classdiagram5.8showshow theEPCdatabaseis dividedup into subsets.

EPCModelCatalog

 String catalog

+String getCatalog

EPCModelCatalogDyn

+String getIdentity

EPCModelCatalogStat

+String getIdentity

EPCSpVersCatalog

 String svMainNumber

+String getSvMainNumber

EPCSpVersCatalogDyn

+String getIdentity

EPCSupplementaryText

+String getIdentity

EPCSubset

+EPCSubset getEPCSubset

EPCSpVersCatalogStat

+String getIdentity

Figure5.8: Subsetsof EPCdatabase

Eachmodelcatalogandspecialversioncatalogconsistsof two subsets:a ’static’anda ’dynamic’
one. This is becausea nodeprobablyneedsnearlyall staticsubsets,but fewer of thedynamic.This
is becausetheformerareneededfor themanualvehicleidentificationandfor generatingthesystem’s
view from theuser’sview.

The static subsetof a model catalogcontainsthe data from the tablesKATALOG, MODEL,
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FGST_AGG,AGG_FGST, andSA_VERWENDUNG.As alreadydescribed,thesetablescontainthe
informationaboutthe area,vehicleclasses,andmodelsa catalogis usedfor, the mappingbetween
chassisandaggregatemodels,and informationaboutwhich specialversionscanbe usedfor each
constructiongroup.

The static subsetof a specialversion catalogcontainsthe tablesSA_BEN, SA_TITEL, and
SA_UBM, containinginformationaboutthe areaandvehicleclassesa specialversionis usedfor,
thepossiblestroke versionsof a specialversion,andthemodelsthesecanbeusedfor. Thesetables
aresolelyusedto computethesystem’sview from theuser’sview.

Thetablesof thestaticsubsetsareall relatively small,soit won’t hurt to install mostof this data
locally on eachnode. Thedynamicsubsetsof thecataloguescover all theothertables,anddepend
on thestaticsubsets.TheEPCSupplementaryText subsetrefersto thetableBEITEXT, andis needed
assoonasat leastonedynamicsubsetis installed,sincethentherearepart recordsreferringto that
table.

Classdiagram5.9shows,how thelocal datadescriptionfor selectingandcustomizingtheSmart
Updatesis represented.

current data *

wanted new data

*current data

wanted new data
...updates.LocalDataDesc

+void setLocalData

+DataSubset getSubset

+long firstTime

+void addSubset

+void updateSubset

+void debugPrint

EPCLocalDataDesc

+boolean[] languages

+boolean accept

EPCSubset

+EPCSubset getEPCSubset

EPCWantedCatalogues

+String vehicleClasses

+String areaCodes

+String[] modelLines

+boolean isWanted

...updates.WantedSubsetsDesc

+boolean isWanted

...updates.DataSubset

+long version

+String getIdentity

+String toString

+int hashCode

+boolean equals

Figure5.9: Localdatadescriptionof EPCdatabase

TheEPCSubsetis a subclassof thegeneralDataSubsetclass.Thelocaldatadescriptioncontains
an additionalfield ’ languages’,which tells which languagesa nodewantsto use. Using only one
languageinsteadof all six currentlysupportedby EPCsavesabout33% space5. The customized
updatesaresmallerfor only onelanguageaswell.

If new cataloguesareintroduced,theEPCWantedCataloguesobjectassociatedwith thelocaldata
descriptionLocalDataDesctells whethera local nodewantsto get the updatesinstalling the new
catalogues.Only the areaCodesand vehicleClassesattributesare evaluatedfor the static subsets.
Additionally, themodelLinesattributespecifywhichdynamicsubsetsarerequested.

The division into staticanddynamicsubsetsalsoenablesa notificationof new modellines that
areintroduced,sincethestaticsubsetsof thecorrespondingcataloguesareinstalledautomaticallyif
they fit into theselectedareaandvehicleclasses.

It is importantthattheversionsof thestaticanddynamicsubsetsmatch,sincee.g.thepositionof
amodelwithin in thepartrecordsmayhavechangedbetweenreleases.It is thereforeimportantnot to
mix remoteandlocal accessof staticanddynamicsubsetsof thesamecatalog.TheStarNetwork ap-

5Without theremoval of the’footnotes#1’ mentionedearlier, thissavesabout48%space.



CHAPTER5. THE AFTERSALESDATA 60

plicationmayaccessthestaticsubsetslocally for manualvehicleidentification,but for partsretrieval,
it mayonly accessthestaticsubsetlocally if thedynamicsubsetis installedaswell.

Maybetheideaof a staticanda dynamicsubsetshouldbedroppedin favor of just installingthe
appropriatedataneededfor manualidentificationandto determinetheneededcataloguesredundantly.
But notethatthis is equivalentto notallowing theaccessto thestaticsubsetsfor partsretrieval.

User’sView on Subdividing EPC

Theusersimply selectsthelanguagesandvehicleclasses(e.g. only passengercars)hewishesto in-
stall. Theappropriatecountries/areasshouldbedeterminedautomatically, but it shouldbechangeable
by the user. Additionally, the usershouldbe ableto chooseto install only a subsetof model lines
locally.

Generatingthe System’sView fr om the User’sView.

Theseareperformedin severalsteps:

1. Theneededstaticsubsetsof modelandspecialversioncataloguescanbedetermineddirectly
fromthegivenareaandvehicleclasses,sincethecorrespondingtablesKATALOG andSA_BEN
containthis information.They have to beinstalledbeforethenext stepscanbeperformed.

2. Thedynamicsubsetsaredeterminedby first selectingall modelcataloguesfor thegivenmodel
lines. After that, thechassisto aggregatemappingsareusedto determinetheaggregatecata-
logueswhichareusedfor theselectedmodellines.

3. The constructiongroup to stroke versiontable is usedto determineall specialversionsand
strokeversionswhichcanbeusedwith thedetermineddynamicmodelcatalogues.

4. If at leastonedynamicsubsetis installed,thesupplementarytextshave to beinstalled.

This processworksthesameway if it shouldbepossibleto selectindividual modelsinsteadof only
wholemodellines.

Calculatingthelocally installedsubsetsin thatwayallowsstraightredirectionof thequeriesStar-
Network currentlyexecuteson thedata.
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5.3 FDOK - StarIdent

This sectiondescribesthe vehicledatacarddatabaseStarIdent,which wasderived from the legacy
FDOK database,which is a IMS/DB hierarchicaldatabase.

It hasa very simpledatabaseschema.Onebig tableholdsall thevehicledatacards;threevery
small namingtablesmapthe numericcodesusedwithin the vehicledatacardsto humanreadable
descriptions.

5.3.1 Utilization and Contentsof VehicleData Cards

Thevehicledatacardsareusedmainly for partsidentification.Oneneedsto know whatdistribution
codes(e.g.580- air conditioning)andspecialversions(seeEPC)arevalid for aspecificvehicle,and
which engine,transmission,axis,etc. modelswerebuilt into thatvehicle.Thatinformationcanthen
beusedto preselecttheappropriatepartsfrom thepartscatalogues.

Thefollowing aretheparticularattributesfoundin avehicledatacard:

WHC Theinternationalmanufacturercode.Mostly ’WDB’ (85%),but thereareothersaswell, e.g.
VSA, 4JG,WDC, NMB.

FIN_RUMPF This is themainvehicleidentificationnumber. This uniquelyidentifiesa vehicleand
thereforealsoa vehicledatacard. ThecompleteFIN would startwith themanufacturercode,
but thathadbeenput into a separatefield. Thefirst 6 digits of this attributearethemodelline
andthemodel.Thelastplacesarejusta runningnumber.

VIN This is a secondvehicle identificationnumber. It is usedin somecountries,e.g. the United
States.It is redundantwith theFIN andcanbecalculatedfrom that.

MOTOR Theengineidentificationnumber. Thefirst 3 digitsarethemodelline of theengine.

GETRIEBE Thetransmissionidentificationnumber. Startswith modelline aswell.

AUFTRAG This is the order numberof the vehicle. The digits 3-5 are a country / branchcode
describingwheretheorderfor thevehiclewasplaced.

VERSORG_DAT This is a timestamptelling when the datacard was received from the original
FDOK database.

OBJECT Thisbinaryfield containsacompressed,serializedJavaobject.

The attributesabove arestoredredundantlyoutsidethe object in the databasetable. AppendixB.1
containsthe full StarIdentschema.The following aresomeof the attributesfound within the Java
object:

CODES Containsthedistribution codes.Thenumericcodesfoundhereareeitherlookedup in the
table ’fdk_code_ben_pkw’for passengercarsor in the table ’fdk_code_ben_nfz’for utility
vehicles. For passengercars,thesecodesconsistof 3 digits, andareonly valid for a certain
time interval within which thevehiclemodelwasproduced.Whenlooking up thedescription,
theproductiondateof thevehicleis needed.For utility vehicles,alphanumericcodesareused,
whichcover3 placesaswell. Whenlookingupthedescriptionof thiscodes,thesort(SPARTE)
of theutility vehicleis neededto selecttheappropriatecodedescription.
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SAs This arethespecialversionsusedfor a vehicle. This is a list of constructiongroups(seeEPC)
with the respective specialversionsused. A specialversionmay be usedmore than once.
For utility vehicles,this list cancontainmorethan1,000differentspecialversionswith their
respectiveusagecount.

Additional identifiersfoundwithin thegzippedJava objectarecolor codes,thenameof thevehicle
model,themanufacturersof thelampsandtires,to namebut a few. For utility vehicles,thereareeven
moreitems,includingtheaxismodels,additionaltransmissions,thesteeringmodel,etc.

5.3.2 Conversion fr om FDOK to StarIdent Database

This is alsovery simple. Thenew andchangedvehicledatacardsarecomingfrom FDOK in a file
formatwhich I call, in absenceof anofficial name,the1,2,3format.

Therearethreetypesof records(lines)for eachvehicledatacardcontainedin thesefiles. Records
marked with a ’1’ at the beginning containall attributesof a vehicledatacardwithin fixed fields,
exceptthespecialversionsanddistributioncodes.Zeroormoretype’2’ recordsfollowing thatcontain
thespecialversionsandtherespectiveconstructiongroupsthey areusedfor. Following that,atype’3’
recordlistsall distributioncodesfor thevehicle.Thevehicleidentificationnumber(FIN) is contained
in all recordsaftertherecordtypecode.

Thefiles arereadby a smallJava utility which evaluatestherecords,builds thevehicledatacard
object(FdkDataImpl),andwritesit to thedatabase.It first triesto executeanSQL INSERT for each
card,andwhenthatfails (whichmeansit wasachangedcard,notanew), it executesanUPDATE.

5.3.3 Sizeof FDOK, and How It Can BeReduced.

Currently, theStarIdentdatabasecontainsvehicledatacardsfor about11,000,000passengercarsand
4,000,000utility vehicles.Thecurrentsizewasestimatedto beabout21Gigabytes.

Mostattributesof thevehicledatacardarestoredin thecompressedserializedJava object.In the
formatcurrentlyused,theaveragesizeof this objectis about840bytesfor passengercarsand2,660
bytesfor utility vehicles.But I founda way to reducethesizeof FDOK by nearly9 GB by altering
thisformatin abackward-compatibleway, whichmeansthattheobjectsstoredalreadyin thedatabase
canstill beread.

StarNetwork usesthe standardJava Serializableinterfaceto serializethe Java objects. But that
producesa lot of overheadwhenserializingJava objects,becauseit writes the namesandtypesof
all attributesfoundin anobjectto theserializationstream.This is doneto enablehandlingdifferent
versionsof a classautomatically. Normally, attributeandtypenamesarewritten only oncefor each
classfor which instancesareserialized. But in our case,wherefor eachvehicledatacarda new
serializationstreamhasto becreated,this is donefor everyobject, whichproducesa lot of overhead.
After compression,theoverheadcausedby thismechanismis nearly600bytesperobject.

Thereis an alternative to using the SerializationAPI, which is called the ExternalizationAPI
[JOS98]. Usingthelatter, it is theprogrammer’sresponsibilityto determinetheformatandversioning
of theserializedobjects.Externalizationcanbeusedasa drop-inreplacementfor serialization,there
is noneedto changetherestof theapplication.In fact,I didn’t evenhadthepossibilityto do that.

In absenceof theStarNetwork sourcecode,I subclassedthevehicledatacard(FdkDataImpl)to
a new classcalledFdkDataImplExternalwhich implementsthe Externalizableinterface. This also
allows to still usethe ’old’ datacardsstoredin thedatabase,asthedeserializingstreamdetermines
theclassof theserializedobjectsandusestheright deserializationmechanism.Thesystemdoesn’t
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even know that thereis a subclasswhendoing serializationoperationswith the superclass.I then
createda little tool which usedtheReflectionAPI [JRef98] to generatemostof the necessarycode
for externalizationautomatically. Giventhenumberof attributesstoredin thevehicledatacard(about
50),thiswasthesafestwayto avoid introducingbugswhenswitchingto externalization.StarNetwork
worksfinewith thenew datacards.

Thefollowing tableshowsthenew sizesof thevehicledatacardobjects,andthetotalsavedspace
for thewholeStarIdent(FDOK) database.

vehicletype old size new size saved saved
(bytes) (bytes) (relative) (total)

passenger 840 333 61% 5.2GB
utility 2660 1863 30% 3.0GB

Table5.17:Sizereductionof vehicledatacards

For brancheswhich only useandstorevehiclecardsfor passengercars,theneededdisk spaceis
only a little morethanonethird of thatneededbefore.

Note that this is still far from optimal. Given the numberof vehicle datacardsstoredin the
database,65 bytesoverheadper vehicledatacardwill result in 1 GB spacefor all vehicles. The
long packagepathof thevehicledatacardJava class(FdkDataImpl)occupiesabout50 bytes(after
compression),andsoit takesabout0.8GB to storethispathnameredundantlyfor all vehicles.

For thedealer’s sites,I suggestusinga databasesystemwhich is ableto compressthedatacards
itself. As will be shown in the next section,multiple vehicledatacardscanbe compressedmuch
betterthana single. Storingall vehicledatacardsinto compressedflat files would resultin e.g. one
2.6GB file holdingall 4,000,000utility vehicledatacardsanda750MB file containingall 11,000,000
passengervehicledatacards.This is smallenoughto enablePAID to usea databasesystemlike e.g.
TransbaseCD[Tra98], whichis ableto transparentlyhandletheold datastorede.g.onaDVD andthe
new datacomingasSmartUpdatesfrom thenetwork. Importantfor suchanapproachis that it must
bescalable,elsewe will run into thesameproblemsastheCD distribution hastoday. TransbaseCD
for exampleis ableto handleseveral DVDs or CDs, so addinga secondDVD drive (or something
else)is noproblem.But perhapsthenetwork connectionswill begoodenoughfor onlineaccesswhen
thatwouldbeneeded.

If theapproachof usinga compressingdatabaseis not possibleor not feasible,theStarNetwork
applicationandtheloadtool shouldbeat leastadoptedto write thevehicledatacardsdirectly to the
compressingstreamopenedontothedatabase,insteadof calling thewrite/readObjectmethodson an
objectoutputstreamwrappedaroundthat. Themethodsprovidedfor externalizationcanbeusedfor
thatpurposewithoutany modification.

Also, the attributesthat arestoredalreadyoutsidethe object (e.g. the FIN) in the databasedo
not needto beserialized,asthey arewhenusingthecurrentmethod.Thebestsolutionwould be if
the vehicledatacardclassis given somemethodsto read/writeitself in the appropriateway to the
database.

I estimatethatthesetwo stepswill saveyetanother2 GB,perhapseven3. Onemustalsotakeinto
accountthatthedatabasewill grow slowerwhenthevehicledatacardsaresmaller.
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5.3.4 Sizesof FDOK Updates

Incrementalupdatesarecurrentlyarrivingeveryfew weeksfromthesourceFDOKIMS database.The
following tableshows thesizeof theupdatesgeneratedby theanalyzertool. Thetableis organized
into vehicletype andarea;the countsandsizesarefor a periodof 5 weeks.An updateoriginating
at the legacy FDOK databasealwaysoverwritesthecontentsof thevehicledatacard,so thereis no
differencebetweennew andchangedvehicledatacardscomingfrom there.

vehicletype area SU-size #vehicles DB-size compressed

utility Europew/o 9.8MB 23,000 43.0MB 40MB
Germany 9.4MB 15,000 34.0MB 31MB
others 0.8MB 2,000 2.1MB 1.9MB

passenger Europew/o 2.2MB 35,000 14.5MB 9 MB
Germany 3.8MB 48,000 20.0MB 14MB
America 1.2MB 21,000 10.0MB 6 MB
others 0.2MB 2,000 0.9MB 0.6MB

Table5.18:Sizesof FDOK updates

’SU-size’ is the the sizeof the generatedSmartUpdates.’DB-size’ is the net sizeoccupiedby
thevehicledatacardsin thedatabase,withoutoverheadintroducedby theDBMS. The’compressed’
columntellswhathappenswhenthevehiclecardsarecompressedin theformatthey arestoredin the
database.If onewould usea commerciallyavailabledatabasereplicationtechnique,onewould have
to transmitat leastthissize,giventhatthereplicationtechniquesupportscompressionatall.

Also,ascanbecalculatedfrom theseamountswhenconsideringthatafew datacardsarenotnew,
theStarIdentdatabasegrowsby about1 GB everyyear. Notethatthissizeandall thesizesshown on
the tableincludemy switch from theSerializationAPI to theExternalizationAPI introducedin the
previoussection.Whenusingthestandardserialization,it will grow by morethan2 GB everyyear.

The reasonwhy the ’compressed’size is bigger thanthe SmartUpdatesize is that the vehicle
datacardsarealreadycompressed.I triedseveralcompressiontechniques6, but theresultwasalways
aboutthesizeshown in thetable.It seemslikethatthecompressionalgorithmscannotcompresstheir
own resultsverywell. Notethatasinglevehicledatacardcanneverbecompressedaswell asseveral
at once,sincethecompressionalgorithm(namelygzip) canonly considertheredundancy contained
in onevehicledatacard,andit alsoproducesoverheadfor eachvehicledatacard.Theeffect is thata
vehicledatacardoccupiesmorethan4 timesthespaceit wouldneedwhencompressedtogetherwith
othervehicledatacards.

Now, how did I get the SmartUpdatessmaller? Very simple: I first uncompressthe new and
changedvehicledatacardsfoundin thedatabaseandthencompressthemagain,altogether.

5.3.5 UsingTimestampReplication

Thereis principally no problemin usingreplicationbasedon recordtimestampsfor FDOK. These
timestampsarealreadypresentin the database.But for the reasonsgiven in the last section,one
hasto uncompressthedatacardobjectsbeforecompressingthemfor transmissionover thenetwork.

6namelyzip, gzip,bzip2,andcompress.
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Whenusing this approach,I would strongly recommendcachingthe generatedupdates,sincethe
compressionneedsa lot of computingtimeon thesourcenode.

5.3.6 Subdividing the Databasefor PAID

The databasecanprincipally be subdivided to containan arbitrarysubsetof vehicledatacardsfor
eachnode.But for thefollowing reasons,it makessenseto find subsetrepresentationswhich cover a
bunchof vehicledatacards:

� For newly createdvehicledatacards,theremustbesomerulestelling whichvehicledatacards
anodeis interestedin.

� To find out which vehicledatacardupdatesareneededby a targetnode,thesourcenodemust
know whichvehicledatacardsareinstalledthere.Whenonly namingsinglevehicledatacards,
this informationcangetvery large.

� Wheninitially installingthedata,theremustbesomeusefuldescriptionaboutwhatsubsetsare
available,e.g.’C class,europe’.

� Whenmulticastingupdates,it is usefulwhenonecane.g. sendall updatesfor ’M-class,USA’
to all nodeswhich areinterestedin that. Elseonewould have to calculatea goodmixtureof
commonsubsetsof vehicledatacardseachtimeamulticastis initiated.

Thelastthreepointsarecurrentlyof low interest,sinceonly a few vehicledatacardsareupdated.But
sinceit is plannedto changethat,they shouldbeconsideredaswell.

I did choosethefollowing criteriato determinesubsets:

� Thevehiclemodelline (BR). This canbetakenfrom thevehicleidentificationnumber(FIN).
Theusermightpreferto choosevehicleclassesinsteadof individualmodellines.

� Theareacodefrom theordernumber. It wassuggestedto meby Mercedesthatonly mainareas
(Thefirst digit: Germany (2), Europe(5), America(7), . . . ) shouldbeusedto selectthe local
subset.
Theproblemin usingafinersubdivision is thatsomeareacodesareveryfine(singlebranches,
mostlyin Germany) andsomearevery rough(e.g.USA), which is quiteconfusing.For PAID,
thesecodesmaybealthoughbeusedwhengroupingthemto reflectsensibleconfigurations.

� Thebuild dateof thevehicle(year).Thisis currentlyirrelevant,but will becomemoreimportant
in thefuture,asvehicledatacardsareveryseldomremovedfrom thedatabase.

Theseitemsmight bepresentedto theuserby PAID in a hierarchicalview, to allow him to selectthe
wantedsubsetsfast(’All Europe’)but asfine ashe might want to. It might make sensethat a user
selectsdependentsubsets,for exampleaScotchworkshopselecting’Utility vehicles,Europe’together
with ’PassengerCars,UK’. Also, thereshouldbesomeprofilesreflectingpreselectedconfigurations.

Representationof Subsets

Thefollowing diagram(5.10)describestheinternalrepresentationfor subsetsof theFDOK database.
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current data **current data

FDOKCodeNamings

+String getIdentity

FDOKVehicleDataCards

FDOKSubset

+FDOKSubset getFDOKSubset

...updates.DataSubset

+long version

+String getIdentity

+String toString

+int hashCode

+boolean equals

...updates.LocalDataDesc

+void setLocalData

+DataSubset getSubset

+long firstTime

+void addSubset

+void updateSubset

+void debugPrint

FDOKLocalDataDesc

+boolean accept

FDOKSingleVehicleDataCard

+String fin

+String getIdentity

FDOKVehicleDataCardsSubset

+String modelLine

+String area

+int year

+String getIdentity

Figure5.10:Localdatadescriptionandsubsetsof FDOK database

Thecodedescriptiontablesareanextrasubset(FDOKCodeNamings);asubsetof thevehicledata
cards(FDOKVehicleDataCards)is determinedby the itemsdescribedabove (modelline, area,build
year),or is asinglevehicle.

Thelatterwasincludedto allow PAID to learnaboutaccessedvehicles,andto cacheeachaccessed
vehiclefor sometime (if thesubsetit belongsto is not alreadylocal). If somevehicledatacardsof a
possibleFDOKVehicleDataCardsSubsetwereaccessedremotely, thewholesubsetshouldbeinstalled
locally, to savecomputingtimeandto improve theability to broadcastor multicast.

For thecurrentimplementation,specifyingbothFDOKVehcicleDataCardsSubsetandasingleve-
hicledatacardoutof thatis consideredto beinvalid.



Chapter 6

Analyzer Design

Thefirst sectionin thischapterdescribeshow theanalyzertool is embeddedinto thesupplyprocesses
of theStarNetwork centraldatabaseStarDBandthefuturePAID network. After describingthesub-
systemdecompositionandthepackagestructure,theindividualsubsystems,packages,andlayersare
describedin detail.

Not all classesandmethodsaredescribedhere.A completereferencecanbefoundin thejavadoc
documentationaccompanying this thesis.

6.1 Embeddingof Analyzer Tool into Supply Processes

Thefollowing figure(6.1)shows how theanalyzertool is embeddedinto thesupplyprocessesof the
StarNetwork centraldatabaseStarDB.

The analyzertool is placedlogically betweenthe conversion from the legacy databasesand
StarDB.This conversion,intermediatetesting,andloadingof thedatabaseis donein theusualway
asdescribedin chapter5. But insteadof beingloadedinto theStarDB,theconverteddatais put into
a small temporarydatabase.Thatdatabasemayalreadyexist for EPCasthementionedintermediate
testingdatabase.Theanalyzertool is usedto generatethedifferencesbetweentheold andnew datain
form of SmartUpdates.Theseupdatesarestoredin a stablequeue,which holdsthemfor somelong
time, aboutseveralmonths(needsto bedefined).Notethat thereis only onequeue,from which the
updatesareextractedandcustomizedfor thenodeswhichhaveonly somesubsetsof thedata.

Theintermediatenodesin thePAID network havestableupdatequeues,too,but they don’t needto
hold theupdatesfor aslongasthecentraldatabase,becausethey canfetchsomeof theolderupdates
from therewhennecessary.

Placingtheanalyzertool after theconversionhastheadvantagethat it doesn’t have to dealwith
the legacy datadirectly, andthat therewasno needto re-implementtheconversion. If theanalyzer
tool wasplacedbeforetheconversion,thegeneratedupdateswould have to performtheconversion
whenexecutingthemselveson thedatabase.Letting theanalyzertool operateon thedatabasesmade
it alsopossibleto follow amoreuniversalapproachfor thedesignof thetool, asmostpartsof theim-
plementationoperateon relationaldatabasesin general.ThegeneratedSmartUpdatesaredistributed
andstoredasserializedJavaclasses,andhaveastandardizedinterfaceto becustomizedandexecuted.
Section4.4explainsthegeneralconceptsusedfor theseupdates,section6.5.1showshow they arede-
signedandimplementedfor theEPCdatabase,andsection6.6.1describestheupdatesfor theFDOK
database.

67
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Figure6.1: Embeddingof analyzertool into supplyprocesses

Section6.2.6describesa possibleverifying mechanismwhich makesthegenerationof inconsis-
tentupdatesvery unlikely, becausetheupdateddatais comparedto thenew databeforetheupdateis
published.But in casetherearestill someundetectedbugsin thechangedetectionor updategenera-
tion process,usingthesameupdatesfor theStarDBasfor thePAID nodesguaranteesthattheStarDB
andPAID nodesstill have the samedata. After fixing the bugs, the processcancontinuewithout
requiringfurther interaction.The inconsistentdatacontainedin the StarDBis overwrittenwith the
next updatesgenerated,andthoseupdateswill alsobring theremotenodesinto aconsistentstate.No
specialrecoveryactionssuchasresynchronizationwill beneeded.
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6.2 SubsystemDecomposition

Generate
Compare+Build

Publish

Apply
(Check)

Apply

UpdateGenerator Publisher Applier

Possible
 Optimization

Figure6.2: Activity diagramof analyzersubsystems

As shown in the activity diagram6.2, the highestlevel of the analyzertool is functionally de-
composedinto thesubsystemslistedbelow. This decompositionwasjust naturallyderivedfrom the
functionstheanalyzertool hasto perform:generateupdates,applythemonthelocaldata,andpublish
themto make themavailableto othernodes.Thefollowing areshortdescriptionsof thesubsystems:

� The UpdateGenerator subsystemconsistsof the Comparesubsystemandthe UpdateBuilder
subsystem.The former generatesthe differencesbetweenthe old and the new dataas Up-
dateComponents;thelatterclassifies,packages,andstructurestheseinto thecompoundSmart
Updates.

� The Optimizersubsystem,which optionally optimizesthe generatedupdatesbeforethey are
published. Optimizationis only shown asa noteon the activity diagrambecauseit wasnot
realized.Section6.2.2explainswhy.

� ThePublishersubsystemwhichis responsiblefor puttingthegeneratedupdatesinto theupdate
queue,from which the updatescanthenbe distributed. It alsodeterminesthe dependencies
betweentheupdates.

� TheApplier subsystem.After theupdatesaregeneratedandpublished,they areappliedon the
localdata.Thissubsystemcanalsobeusedon theremotenodesto executetheupdates.
It canbeconfusingthatapply is calledbeforethegenerationof updates.This simply ensures
thatthereferencedatabase,which is usedby theComparesubsystem,is up-to-date.Otherwise,
if for somereasonyet unappliedupdatesare in the updatequeue,the Comparesubsystem
usesanobsoletereferencedatabase,which might produceunpredictableresults.Section6.2.6
describesa smarterway to prevent thesystemfrom producingincorrectresultsdueto bugsor
failures.

� A temporaryupdatequeue,which servesasan intermediatestorage(not shown). It is used
betweentheUpdateGeneratorandthePublishersubsystem.
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The temporaryupdatequeuewas introducedto achieve scalability: It wasassumedthat the
updatesthe analyzertool may needto handlewithin one invocationare too big to be stored
in memory. So an intermediatedisk storagewasintroduced.The amountof updatesthat the
analyzertool canhandleis thereforeprincipallyunlimited.

� Thepublicupdatequeue,whichholdstheupdatesuntil mostof thenodesshouldhavereceived
them.It wasshown on theoverview in thelastsection.

Thesubsystemsin thisapproacharevery looselycoupled.Theupdatequeuesserve asthecommuni-
cationplatformfor thesubsystems.

6.2.1 UpdateGenerator Subsystem

Theinteractiondiagram6.3shows theinteractionbetweentheCompareandtheUpdateBuildersub-
system.

 Compare 

  

 UpdateBuilder 

  

 TmpQueueManager 

  

Create new
compound update

add update
to existing

compound update

1: ’addUpdate(updateComponent)’

5: ’addUpdate(updateComponent)’

4: ’putUpdate()’

2: ’getUpdate()’

8: ’putUpdate()’

6: ’getUpdate()’

3: ’return: null’

7: ’return: compountUpdate’

1: ’addUpdate(updateComponent)’

5: ’addUpdate(updateComponent)’

4: ’putUpdate()’

2: ’getUpdate()’

8: ’putUpdate()’

6: ’getUpdate()’

3: ’return: null’

7: ’return: compountUpdate’

Figure6.3: Interactiondiagramshowing updategeneration

Thecomparesubsystemgenerallycomparesanold with a new versionof data.It thengenerates
updateoperations(recordupdatesfor relationaldatabases),which canupdatetheold versionto the
new one. But theseupdateoperationsarenot necessarilyexecutablein the form andorderthey are
generated.An examplefor this aretherecordmovesdescribedin section6.4.2.Therefore,theseup-
dateoperationsarepassedas’UpdateComponents’to theUpdateBuildersubsystem,whichcombines
themto producecompound,structuredupdates,namelythealreadyintroducedSmartUpdates.

The sequencediagram6.3 shows the typical operationswhenthe comparesubsystemgenerates
anupdatecomponent.TheUpdateBuilderselectstheappropriatecompoundSmartUpdatefrom the
changequeueandaddsthecomponentto that. Whenever necessary, a new SmartUpdateis created.
Thetemporaryupdatequeuemaintainsacachewhich is necessaryto achieveperformance.
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Two generalclasses,CompareandCompoundComparewhich follow thecompositepatternwere
created(not shown on a diagram). The idea was to supportcombiningseveral different typesof
comparesubsystems,e.g. for databases,filesystems,etc. to onecompoundcomparecomponent,as
theanalyzertool wasoriginally designedfor heterogeneousdata.Sinceit turnedoutthatactuallyonly
relationaldatabasesareto beanalyzed(seesection5.2.12),thismechanismis currentlyunused.

6.2.2 Optimizer Subsystem

An optimizermaybeintroducedto do anadditionaloptimizationof updatesaftertheir generation.It
maybeusedfor exampleto find someredundancy within thegeneratedupdates.It canbeomittedif
suchoptimizationsdon’t makesensefor somedata,or thegeneratedupdatesarealreadysmallenough.

An optimizerwas initially plannedfor the EPCproblemdomain,whereoften similar changes
occurto severalor all recordsstoredin a databasetable. The currentdatabasecomparesubsystem,
whichwill bedescribedlater, will only generateupdatesto singlerecords,whichcanbequitea lot.

But experimentshave shown that optimizationis unnecessaryfor the EPCupdateswhenusing
the ’gzip’ compressionof updatestogetherwith somesmall local optimizationsembeddedinto the
databasecomparesubsystem,whicharedescribedin section6.4.3.

I learnedthatusingsuchaneffective compressionalgorithm,trying to reduceredundancy before
the compressionhasa very minimal effect on the size of the updates.The only effective way of
reducingthesizeof updatesis to removeunnecessaryinformation.A goodexamplefor this is thesize
reductionof FDOK mentionedin 5.3.3,wheretheunneededserializationinformationwassuppressed.
Also, asmentionedin chapter5 describingthe EPCdatabase,removing unneededinformationfor
unwantedlanguageshasanoticeableeffectaftercompression.

Sincetheoptimizersubsystemis neitherneededfor FDOK nor for EPC,I droppedtheideacom-
pletely. For otherdatabasesfrom yet unknown problemdomains,theneedfor anoptimizerhasto be
figuredoutagain.

6.2.3 Publisher Subsystem

Theupdatepublisheris responsiblefor makingtheupdatespublicly available,which meansputting
theminto theupdatequeue.It alsoputstheupdatesinto theright orderanddeterminesthedependen-
ciesbetweenthem. This cannotbedoneby theupdatebuilder becauseit seesonly oneupdateat a
time, andit doesn’t know whenit receivesthelastupdatecomponentfor a compoundSmartUpdate
from thecomparesubsystem.

Thereareno generalclassesavailablefor thepublishersubsystem,only classesfor eachproblem
domain.Thereis nogeneralbehavior of thepublishersubsystem,sinceorderingof anddependencies
betweenupdatesdependsolelyon theindividualapplicationdomain.

6.2.4 UpdateQueues

The updatequeuesare currently realizedas databasetables,into which the updatesare storedas
compressed,serializedJava objects. This is only donefor this proof-of-conceptprototypeof the
analyzertool.

The reasonsfor choosingthis way of storing updateswas again that the PAID project wasn’t
launchedwhen I startedthis thesis. I didn’t knew which persistency mechanisms(e.g. an object
database)would bechosen.I wantedto avoid introducingyet anotherdatabasebesidestherelational
databasesthatwouldbethereanyhow.
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Thiswayof storingupdatesturnedout to beasevereperformancebottlenecksinceJavaserializa-
tion is quiteslow. For PAID, this typeof updatequeuestorageshouldbeavoided.

The designof the updates,namelychoosingstringsasidentifiersfor datasubsets,updates,and
new datasubsetswasalsoaffectedby this decision,sinceI wantedthesethingsto beavailablewith
fastaccessandin humanreadableform outsidetheserializedobjects.

Theupdatesarestoredusinga databasetablecontainingthe identity, theversion,the info about
new datasubsets,andthegzippedserializedJava object.Sections6.4.5and6.4.6describetheimple-
mentationclassesof thetemporaryandpublicupdatequeuemanagers,respectively.

6.2.5 Applier Subsystem

A simpleapply subsystem(SimpleApply)wascreatedmainly for testingpurposes.The following
thingsaremissingin thissimpleimplementationof theapplysubsystem:

� Theupdatedependenciesarenotevaluatedcorrectly, especiallydependenciesbetweenupdates.

� It is assumedthat the updatesaredeliveredin a executableorderby the updatequeue. The
publishercomponentswereimplementedin a way to achieve thisby orderingtheupdates.

� Updatesareexecutedoneby one,which meansthatupdatesdependingon oneor moreother
updateswill produceintermediate,inconsistentstates.If theapplyprocessis interrupted,these
potentiallyinconsistentstateswill persist.

Thefollowing sequencediagram6.4showshow theapplyprocessworks.

 apply 

...SimpleApply 

 updateQ 

...UpdateQueueManager 

 update 

...Update 

 localData 

...LocalData 

 localDataDesc 

...LocalDataDesc 

4: getUpdatedSubsets(localDataDesc)

6: getUpdate(firstUpdatedSubset)

9: checkDependencies(update, localDataDesc)

10: getCustomized(localDataDesc)

1: getDescription

16: commit

14: updateSubset(firstUpdateSubset)

13: execute(localData)

12: beginTransaction

5: ’return: updated data subsets’

7: ’create from db’

8: ’return: update’

11: ’return: this’

2: ’create’

3: ’return: localDataDesc’

15: putDescription(this)

4: getUpdatedSubsets(localDataDesc)

6: getUpdate(firstUpdatedSubset)

9: checkDependencies(update, localDataDesc)

10: getCustomized(localDataDesc)

1: getDescription

16: commit

14: updateSubset(firstUpdateSubset)

13: execute(localData)

12: beginTransaction

5: ’return: updated data subsets’

7: ’create from db’

8: ’return: update’

11: ’return: this’

2: ’create’

3: ’return: localDataDesc’

15: putDescription(this)

Figure6.4: Interactionshowing SimpleApplyexecutinganUpdate
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First,a list of availableupdatesis requestedfrom theupdatequeue,usingadescriptionof thelocal
data(LocalDataDesc)asfilter. Apply thenfetchesthefirst SmartUpdatefrom thequeueandchecks
its dependencies.If thedependenciescouldberesolved(whichis assumedin thediagram),theupdate
canbeexecuted,andthedescriptionof thelocaldatais alsoupdated.

ExecutingtheSmartUpdateandupdatingthedescriptionisdonewithin onetransaction,toprevent
datainconsistenciesdueto failures.

6.2.6 Verifying Updatesand Handling Failures

Thefollowing is thedescriptionsof analgorithmwhichallows to verify thatno incorrectupdatesare
distributed.

� Theupdatesaregeneratedin thesamewayasdescribedalready.

� Thepublisheropensa transactionto thepublic updatequeue,andputsthegeneratedupdates
therein.But thetransactionis notyet committed.

� The applieropensanothertransactionto the main database,andappliesthe updates.But the
transactionis notcommittedaswell.

� An additionalverifiersubsystemcomparesthemaindatabasewith thetemporarydatabasecon-
tainingthenew data.Thiscanbedoneby aslightly modifiedcomparesubsystem.

� If anerror is detected,thetransactionsto theupdatequeueandto themaindatabasearerolled
back.Otherwise,bothtransactionsarecommittedsynchronized.

Thisalgorithmguaranteesthatincorrectlygeneratedupdatesnevergetvisible.

6.3 PackageDecomposition

The packagedecompositionwasdonein two dimensions:Onefor the subsystems,andonefor the
problemdomain.Thepackagesfor thesubsystems(compare,build, apply, queues,andupdates)are
locatedin the top-level of thehierarchy andarerepeatedassubpackagesof the applicationdomain
specificpackages,which containthe relationaldatabase(db), EPC,andFDOK specificclasses,re-
spectively.

This way of organizingpackageswasdoneto forcea cleanseparationof generalandapplication
domainspecificclasses. It also allows to add new packagescontainingclassesfor yet unknown
problemdomains(e.g. new aftersalesinformationtypes)or datarepresentations(e.g. filesystem)in
thesameway.

The packagediagram6.5 shows the availablepackages,the following list shows the complete
packagehierarchy alongwith shortcommentsof whatis containedin apackage:

paid/datamove root of package tree

.../updates Smart Update and data representations

.../compare compare interface

.../build interfaces for update builder and update components

.../apply simple apply subsystem

.../queues interfaces for update queues
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build queues
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Figure6.5: Packagediagramshowing packagedecomposition

.../db/updates database record and table updates, LocalData impl. for db

.../db/compare compare components for comparing relational databases

.../db/compare/util utilities for comparison

.../db/compare/findbest heuristic algorithms

.../db/build database update component and its producer

.../db/queues implementations of update queues in database

.../epc general EPC specific classes

.../epc/updates updates and local data representations

.../epc/build update builder subsystem

.../epc/compare compare subsystem

.../epc/publish publisher subsystem

.../epc/run classes containing main()

.../fdok general FDOK specific classes

.../fdok/updates updates and local data representations

.../fdok/build update builder subsystem

.../fdok/compare compare subsystem

.../fdok/publish publisher subsystem

.../fdok/run classes containing main()

.../db database abstraction layer

.../db/columns implementations for column types

.../db/values implementations for value types

.../db/constraints implementations for constraints
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6.4 Support for Relational Databases

This sectiondescribesall classeswhich arespecificfor relationaldatabases.This is thebiggestpart
of the analyzerin termsof numberof classesandlines of code. The sub-sectionsthat follow will
describe:

The databaseabstraction layer asanintermediatelayerabove theJDBCaccesslayer. It provides
anabstractionof theentities(tables,columns,values,constraints)found in thedatabase.It is
alsousedto hidethedifferencesof theindividualdatabasemanagementsystems.

The databaseupdates which aredetectedby thedatabasecomparecomponents:Theseareupdates
to databasetablesandtherecordupdatesthey contain.

The databasecomparecomponents which are usedto build up the applicationspecificcompare
subsystems.Different algorithmsare provided which can be usedor extendedto compare
databasetables.

The databaseupdatecomponent deliveredto the updatebuilder subsystemby the databasecom-
parecomponents.

All classesdescribedwithin this sectionare locatedin or below the package’paid.datamove.db’.
By convention,all namesof databasespecificclassesstartwith ’DB’, which meansdatabase,not
Daimler-Benz.

6.4.1 The DatabaseAbstraction Layer

This layeris very differentfrom the“normal” relationaldatabaselayersavailablefor Java. Thecom-
mercially availabledatabaseutilities areoften usedto provide a mappingbetweenclassesand the
relationaldatabaserepresentation.You alreadyhave designedsomeclasses,andusesometool to
automaticallygeneratetheappropriatedatabasedefinitionsandtheclassesusedto storeandretrieve
instancesof thedesignedclasses.Therequirementsfor thisdatabaseabstractionlayerweretheother
way round: I have somedatabaseschema,andwant to automaticallyanddynamicallydetectwhat
tablesandattributesareusedtherein. The preconditionfor this is a JDBC driver which makesthat
informationavailableto aJavaapplication,whichmostdriversdo.

The databaseabstractionlayer wasdesignedmainly to supportthe updatesandcomparealgo-
rithms describedin the next sub-sections,but it canalsobe usedin otherways,as for exampleto
executearbitrarySQL queries,or to storeserializedJava objects.Thelatter is currentlyusedby the
updatequeuemanagers.

It is assumedthatthereaderis familiar with relationaldatabaseconceptsandthestandardJDBC
API [JDBC98].

TheUML classdiagram(6.6)showsthemainclassesfoundhere.They weredesignedandnamed
closelyto thetypical objectsusedin thecontext of relationaldatabases:tables,columns,andvalues.
The next sectioncontainsa typical usageexample. The following areexplanationsof the classes
shown on thediagram.

Notethatmostobjectattributesarepublicly accessiblebut declaredas’final’ to protectthemfrom
beingchangedby otherobjects.In fact,mostof theobjectscannotbechangedafterthey arecreated.

DBConnection is a wrapperfor java.sql.Connection.It representsa connectionto a database,andis
constructedby giving theJDBCURL of a databasecombinedwith theschemanameandthe
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Figure6.6: Classdiagramof databaseabstractionlayer

userandpasswordusedto accessthedatabase.It alsocontainsalink to ahelperclass(described
later),which is usedto make operationsdatabaseindependent.JDBCprovidesmany database
independentconcepts,but you still have to useSQL commands,which are not completely
standardized.

DBColumn is anabstractionof a databasecolumn. It containsthenameandthe typeof a column
found in thedatabase.It alsoprovidesthemethod’valueOf’ usedto producetheappropriate
DBValueobjectsfrom a query. Thatmethodis implementedby thesubclassesof this abstract
class. This mechanismprovidesa possibleextensionof handlingspecialattribute typesnot
coveredby thestandardJDBCtypesor thealreadyimplementedDBColumnsubclasses.The
section’ColumnsandValues’providesmoreinformationandexamplesof subclasses.

DBColumnSet is an orderedsetof columns. It containsa publicly accessiblearrayof DBColumn
objects,andahiddenhashtablewhichallowsfastaccessto columnscontainedin theset.Meth-
odsareprovidedto accessthecolumnsby name,producesubsetsof columns,or generatenew
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columnsetsby replacingcolumnhandlers(DBColumn)with customizedor morespecialized
ones.

DBTableDescription representsthe automaticallydetectedsetof columnsin a databasetable,and
describesthetable’snameandprimarykey. Thelatteris justanarrayof indicesof theprimary
key columns. This classis only a descriptionof a table,not a referenceto a databasetable
itself (which is DBTable).Thereasonfor separatingthedescriptionandtheactualreferenceis
thatthedescriptionmayreferto morethanonetable.This is usedfor exampleby thecompare
algorithms,wheresucha descriptionrefersto anold anda new versionof a tablecontainedin
differentdatabases.Also, a tabledescriptionis serializablewhich wouldn’t make sensefor an
actualtablereference.

DBTable is theactualreferenceto a databasetable,which is alsoits description.It canbeusedto
query, update,or deletetherecordscontainedin thattableor to insertnew ones.Theonly way
to constructDBTableobjectsis by calling getTable()on a connectionto a databasewith the
nameof a tablecontainedin thatdatabase.Thatmethodmakesuseof a helperclassDBTable-
Factory(not shown), which fetchesandconvertsthenecessaryinformationaboutcolumnsand
theprimarykey from thedatabasemetadata.

DBRecord representsa setof values.ThearraycontainingthesevaluesasDBValueobjectsis pub-
licly accessible.If the recordwasproducedby a query, it is guaranteedthat the arraycorre-
spondsto theDBColumnSetusedasargumentfor thatquery. Normally, a recordrepresentsa
row in a table,but it might alsobeproducedby a queryto multiple tables.Supportfor these
wastakeninto considerationbut is not implemented.

DBRecordEnumeration is aninterfacefor gettingrecordsfrom somekind of source.Thestandard
implementation(DBRecordEnumerationImpl)deliverstherecordsreturnedby a query. There
is a possibilityof manipulatingtherecordsreturnedby a DBRecordEnumerationdescribedin
thesection’Simulationof RecordChanges’.

DBValue representsthe valuein a singlefield of a table. It providesmethodsfor comparingit to
othervalues,generatingandestimatingthedifferencesto othervalues,andfor writing thevalue
to thedatabase.Thesection’ValuesandValueUpdates’providesmoreinformation.

DBValueUpdate representsan updateto a valuein the database.In generaltheupdatedvaluecan
only bedeterminedif thepreviousvalueis known. Sinceevery valuecanbeupdatedby over-
writing it, eachDBValueobjectis alsoavalueupdate.

A SimpleExample

The sequencediagram6.7 shows typical sequencesof methodcalls for a commonusageof the
databaseabstractionlayer.

Theexampleshows thesequenceof methodcallsusedby anarbitraryactingobjectwhich wants
to getsomeinformation(a debug stringfor simplicity) from thefirst recordreturnedby a query. To
obtainthis it first createsa connectionto thedatabase.After that,it getsa referenceto a tabletherein
andqueriesit. Theactingobjectaskstherecordenumerationreturnedby thatqueryif it containsany
record(which it does),getsthefirst record,andrequestthedebugstringfrom thatrecord.
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 arbitraryObject 
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 paid.datamove.db.DBConnection 
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 paid.datamove.db.DBTable 
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...db.DBRecordEnumeration 
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...db.DBRecord 

1: DBConnection(dbURL)

2: getTable(tableName)
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10: nextRecord
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3: ’create with DBTableFactory’
4: ’return: table’

6: ’create implementation’
7: ’return: enum’

9: ’return: true’

11: ’create’

12: ’return: record’

14: ’return: String’

1: DBConnection(dbURL)

2: getTable(tableName)

5: query

8: hasMoreRecords

10: nextRecord

13: debugPrint

3: ’create with DBTableFactory’
4: ’return: table’

6: ’create implementation’
7: ’return: enum’

9: ’return: true’

11: ’create’

12: ’return: record’

14: ’return: String’

Figure6.7: Typicalsequenceof methodcallsfor aquery

Columnsand Values.

This sectionexplainsthe interactionbetweencolumnsandvalues.DBValuesare’produced’by the
columnthey arecontainedin. ’Producingvalues’meansthatif aninstanceof DBColumnis contained
in a query’s column set, the recordsdeliveredby that query will containthe ’produced’ typesof
DBValueat thecorrespondingpositions.

The classdiagram6.8 shows only someexamplesof DBValue classes. The DBAutoColumn
producesmany moreDBValuesubclassesthanshown onthediagram,sinceeachstandardJDBCtype
hasa correspondingDB.. .Value(for example:Byte, Short,Int, Long, Double,Binary, Date,Time,
. . . ). Which valueis producedin particularis determinedby the ’sqltype’ the columnwascreated
for. A tablereferencewhich is returnedby DBConnection.getTable()will containonly this type of
columns.Thedenotation’auto’ expressesthis fact:Thiscolumntypeis createdautomatically.

TheDBObjectColumncanbeusedfor databasecolumnswhichstore(gzip-)compressedserialized
Javaobjects.Soit producesonly DBObjectValueandDBNullValueobjects.Thenext sectioncontains
anexampleshowing how anautomaticallycreatedcolumnis overriddenby thiscolumntype.

Sinceinformationabouttheir typeandcolumnis needed,NULL valuesstoredin thedatabaseare
representedby DBNullValueobjectsandnotby Java ’null’ values,asonemightexpect.

Theconcreteimplementationsof theabstractDBColumnclassarelocatedin a separatesubpack-
agecalled“columns”.

Column Sets

The following sequencediagram6.9 shows anexampleof gettinga customizedcolumnset. In that
examplewe wantto retrieve somejava objectsstoredin thedatabase.We don’t wantto queryvalues
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+String toString

...db.values.DBObjectValue

+Object object

+int fillPrepStmt

+boolean equals

+int hashCode

+DBValueUpdate getUnique

+String toString

Figure6.8: Classdiagramshowing databasecolumnsandproducedvalues

from all columnscontainedin thetable,andthecolumncontainingtheobjectsarehandledby default
asif they would containsomearbitrarybinarydata.Sowehave to manipulatethedefault columnset
from thetableto retrieve theserializedobjectsfrom thedatabasedirectlyasobjectreferences.

Sincethe tablecontainssomecolumnswe arenot interestedin, we first createa subsetof the
columnsfrom thetable,containingonly theobjectidentifiersandtheobjectsthemselves.Theobject
columnis auto-detectedasabinarycolumn,sowecreatea DBObjectColumnbaseduponthatbinary
column.With thatwecreateanew DBColumnSetcontainingthiscolumninsteadof theauto-detected
one.After thatwequerythetableandgetthefirst recordthesamewayasdescribedin thefirst simple
example(notshown in thisdiagram).

As mentionedearlier, it is possibleto extendthealreadyimplementedDBColumnsandDBValues
by customizedones. This is usede.g. for the FDOK data,wherethe valuesstoredin the database
arecompressed,anda specialcolumntypewasimplementedwhich uncompressesthequeryresults
beforeproducingstandardDBBinaryValueobjects(seesection6.6.3).
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 actingObject 

  

 table 

 paid.datamove.db.DBTable 

 colSubset 

...DBColumnSet 

 objectCol 

...DBObjectColumn 

 queryCols 

...DBColumnSet 

1: getSubset({"obj_id", "object"})

4: DBObjectColumn(colSubset.cols[1])

5: getReplaced(objectCol)

8: query(queryCols)

2: ’create’

3: ’return: colSubset’

6: ’create’

7: ’return: queryCols’

1: getSubset({"obj_id", "object"})

4: DBObjectColumn(colSubset.cols[1])

5: getReplaced(objectCol)

8: query(queryCols)

2: ’create’

3: ’return: colSubset’

6: ’create’

7: ’return: queryCols’

Figure6.9: Messagesequenceshowing customizationof columnset.

Valuesand ValueUpdates

DBValueandDBValueUpdaterepresentvaluesrespectively transformationsof valuesin a column
from a databasetable. They arealwaysboundto the columnthey arecontainedin, so valuesfrom
differentcolumnsareneverconsideredto beequal.

TheDBValueandDBValueUpdateareonly abstractclasseswhich definesomemethodsthesub-
classescontainingthe individual datatypeshave to implement. The valuesreadfrom the database
which are containedin the subclassesof DBValue are publicly accessiblebut cannotbe changed.
Therefore,a DBValueis alwaysconstant.The ’appendToPrepStmt’and’fillPrepStmt’ methodsare
usedto write values(back)to thedatabase.To understandtheirmeaningandusage,oneshouldbefa-
miliar with thepreparedstatementconceptusedby JDBC.Theformermethodappendsthenecessary
placeholdersandSQLstatementsto apreparedstatementstring,andafterthestatementis created,the
lattermethodputstheactualvaluesinto theplaceholders.

Thesequencediagram6.10shows theinteractionbetweenDBValueUpdatesandDBValues.The
exampleusesstringvalues,sincethesearecurrentlytheonly onesfor whichvalueupdatesareimple-
mented.1Youcanthink of avalueupdateasarelativevalue:If youknow theold value,avalueupdate
givesyouthenew (updated)value.Sinceyoucanalwaysupdateavalueby overwriting it, aDBValue
itself is alsoaDBValueUpdate.

To explain this further: in the exampleshown, the old string could be e.g. “Hello Qorld”, and
theDBStringValueUpdatecouldbe’concat((left(value,6), “W”, right(value,4))’, expressedin SQL.
Currently, all stringvalueupdateshave this format.Thismeansthatthecurrentgenerationandrepre-
sentationof stringvalueupdatesjustconsistof thelengthof theunchangedprefix,thechangedsubset
in between,andthelengthof theunchangedsuffix.

Othernon-trivial methodsof DBValuesandDBValueUpdateswill beexplainedin thefollowing

1The ideabehinda valueupdateis makingthe serializedupdatessmallerfor big values. This doesn’t work e.g. for
numericvalues,andsimply wasn’t implementedfor binary valuesyet. So thesevaluesarealwayssimply overwritten,
whichmeansthe’getUpdateTo’ methodjust returnsthenew DBValue.
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 actingObject 

  

 oldValue 

...DBStringValue 

 valueUpdate 

...DBStringValueUpdate 

 createdNewValue 

...DBStringValue 

 existingNewValue 

...DBStringValue 

1: getUpdateTo(existingNewValue)

4: ’getUpdatedValue(oldValue)’

7: equals(createdNewValue)

2: ’create’

3: ’return: valueUpdate’

5: ’create’

6: ’return: createdNewValue’

8: ’return: true’

1: getUpdateTo(existingNewValue)

4: ’getUpdatedValue(oldValue)’

7: equals(createdNewValue)

2: ’create’

3: ’return: valueUpdate’

5: ’create’

6: ’return: createdNewValue’

8: ’return: true’

Figure6.10:Simplemessagesequenceshowing interactionof valuesandvalueupdates.

sections:’compareTo’ and’estimateDiffTo’ areusedfor comparingdatabases,and’getUnique’is an
optimizationfor serializationwhichavoidsserializingthesamevaluetwice.

Theconcreteimplementationsof theabstractDBValueandDBValueUpdateclassesarelocatedin
aseparatesubpackage“values”.

Constraints

Constraintsareusedfor query, update,anddeleteoperationsto the database.They specifywhich
recordsareaffectedby an operation. Classdiagram6.11 shows the classesusedto constructcon-
straints.ThecompoundDBAndConstraintfollows thecompositepattern.

**

interface

DBConstraint

+boolean accept

+int appendToPrepStmt

+int fillPrepStmt

+boolean needsBracketsWithinAND

+String debugString

...constraints.DBValueConstraint

 DBValue[] values

+int appendToPrepStmt

+int fillPrepStmt

+boolean accept

+boolean needsBracketsWithinAND

+String debugString

...constraints.DBAndConstraint

+DBConstraint getBinaryAND

+int appendToPrepStmt

+int fillPrepStmt

+boolean accept

+boolean needsBracketsWithinAND

+String debugString

...constraints.DBSQLConstraint

 String SQL

+int appendToPrepStmt

+int fillPrepStmt

+boolean accept

+boolean needsBracketsWithinAND

+String debugString

Figure6.11:Constraintclassesusedfor databasequeries,updates,anddeletes.

A null valueasaconstraintreferencemeans’no constraint’by convention.A DBValueConstraint
selectsall recordswhich include the valuescontainedin that constraint. DBSQLConstraintis an
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arbitraryconstraintformulatedin SQL.
Normally, constraintsareusedonly in statementsexecutedby thedatabaseengine,but thereis also

a method’accept’which tells whethera DBRecordwould beacceptedby thatconstraint.This func-
tionality certainlydoesn’t work for constraintsformulatedonly in SQL; onewould have to subclass
DBSQLConstraintandimplementthatmethodconsistentlyto achieve that.

Themethods’appendToPrepStmt’and’fillPrepStmt’ of DBConstraintareusedthesameway as
thatof theDBValue[Update]class.Theformerappendstheconstraintexpressedin SQLto aprepared
statementstring,andthelatterfills in any necessaryvaluesafterthestatementwascreated.Depending
ontheJDBCdriver, performanceof preparedstatementsis currentlynotoptimal;acachefor prepared
statementmightbeuseful.

The implementationsof the DBConstraintinterfacehave beenput into a separatesubpackage
named“constraints”.

Support and Optimizations for Comparisonand Updates

Someof the mechanismdescribedabove aredesignedespeciallyfor comparingdatabasesand for
efficiently generatingsmallserializedupdates.Thefollowing is a list of someof themechanismand
optimizationsservingthesepurposes.

The ability to serialize someobjectsfromthedatabaseabstractionlayerisonlyusedto includethose
objectsin compoundSmartUpdateswhicharetransmittedand/orstoredpersistently.

Valueupdates weredesignedsolelyfor thepurposeof reducingthesizeof updates.Sincethismakes
only senseif the updaterepresentationis smallerthanthe updatedvalue, this is only imple-
mentedfor stringvalues,asalreadymentioned.
Anothereffect is, thatif many valuesin a columnwereupdatedthesameway, theupdatemay
needto beserializedonly oncewithin a compoundSmartUpdate.Thepreconditionfor this is
thatall updatesareexpressedequally. An examplefor this might be insertinga string into all
valuescontainedin a column. Transmittingall the changedvalueswould be moreexpensive
thantransmittingthe changeitself. At least,even if equivalentupdatesresultingin different
valuesareserializedmorethanonce,they canbecompressedbetterthanthenew valuesthem-
selves.

The methodgetUnique() implementedby DBValuesrespectively DBValueUpdatesreturnsunique
instances.This ensuresthatequalvaluesin a columnalwaysresultin thesameDBValueob-
ject. Respectively, equivalentupdatesarerepresentedby thesameobject,asalreadymentioned
above.
Sincethe compoundSmartUpdatesthe valuesarecontainedin will be compressed,thereis
only a little gain in space.But asexperiencehasshown, thereis a significantdecreaseof (de-
)serializationtime. The time it took to deserializelarge updatescontainingmany DBValue
objectsdecreasedfrom severalminutes(!) to a second.
Onedrawbackis that themechanismof generatinguniquevaluesis currentlyimplementedby
a singlehashtablewhich never forgetsvaluesandthereforetendsto grow very large. A usage
countpergetUnique()call and/oraLRU algorithmwouldsolve thisproblem.

The DBValue.compareTo() method comparesrecordsin termsof asortorderequivalentto thatused
by thedatabaseengine.This is usedby thedatabasecomparealgorithms.
This way of comparingis not alwayspossible,ase.g. the orderof stringsgenerallycan’t be
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determined.Section6.4.3illustratesthereasonsfor this. So,if two valuescan’t becompared,a
DBUncomparableExceptionis thrown.

The DBValue.estimateDiffTo() method is usedsolelyby theheuristiccomparealgorithms.As the
namesuggests,it returnsan estimateddifferencebetweentwo values,which is expressedby
a doublevalue. If andonly if two valuesareequal,’0.0’ is returned.But notethatusingthe
’equals’methodis thepreferredandfasterway of checkingwhethertwo valuesareequal.As
alreadymentioned,DBValuesareonly consideredequalif they wereproducedby the same
DBColumn.

SQLHelper

The following simple classdiagram6.12 show the SQLHelperclassassociatedwith the database
connectionDBConnection.

connection

helper

connection

helper

SQLHelper

+boolean schemaSupported

+DBRecordEnumeration doQuery

+void doDelete

+void doUpdate

+void doInsert

DBConnection

+String schemaName

+DBTable getTable

+void beginTransaction

+void commit

+void rollback

+void close

+String toString

Figure6.12:HelperclassSQLHelperfor producingSQLstatements

The SQLHelperclasswas introducedto concentrateall SQL statementsgeneratedwithin the
databaseabstractionlayerwithin oneplace.Adaptingthedatabaseabstractionlayerto anincompati-
bledatabasesystemcanthenbedoneby subclassingtheSQLHelperandmodifyingDBConnectionto
determinetheappropriateSQLHelpersubclassbasede.g.ontheJDBCURL. Thatavoidsintroducing
bugsinto thecodeusedfor otherdatabasesystemsasthereis noneedto changethatcode.

Simulation of RecordChanges

Thissectiondescribesamechanismbuilt for theoptimizersubsystem,whichwouldallow anoptimizer
subsystemto simulaterecordupdates.

Thereis supportfor asimulationof recordchangesbuilt into thedatabaseabstractionlayer. It was
initially designedto supportsimulationof deletionandmoving of records.Thismeanshidingrecords
respectively changingtheprimarykey of recordsdeliveredby a recordenumeration,andwasnamed
’remap’.Thepurposewasto allow anoptimizersubsystemto simulatethedeleteandmoveoperations
occurringlogicallybeforetheupdateoperations,asdescribedin the‘DatabaseTableUpdates’section.
But sincetheideaof theoptimizersubsystemwasdropped,thismechanismis currentlynotused.

Classdiagram6.13showstheclassesandinterfacesusedfor remappingrecords.An objectwhich
wantsto changetherecordsdeliveredby a recordenumerationhasto implementtheDBRemapinter-
faceandwrapaDBRecordEnumRemapImplaroundthesourceDBRecordEnumeration.

6.4.2 DatabaseUpdates

In this section,the implementeddatabaseupdateoperationsaredescribed.Theconceptusedhereis
that a databaseschemaupdateis a collectionof tableupdates,which consistof atomicupdateop-
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simulator

source

simulator

source

interface

DBRecordEnumeration

+DBColumnSet getColumns

+boolean hasMoreRecords

+DBRecord nextRecord

interface

DBRecordRemap

+boolean remap

DBRecordEnumRemapImpl

+DBColumnSet getColumns

+boolean hasMoreRecords

+DBRecord nextRecord

Figure6.13:Classesandinterfacesusedfor recordchangesimulation

erations,namelyINSERT, UPDATE andDELETE operations.Thedatabaseschemaupdateitself is
neitherfound in this sectionnor in thepaid.datamove.db.updatespackageit describes,but is imple-
mentedin theproblemdomainspecificpackagesastheSmartUpdates.This is becausethereis no
generalruledescribingwhich tablesarecontainedin adatabaseschema.. .

Theclassesdescribedin thischapterarelocatedin thepackage’paid.datamove.db.updates’.

Atomic RecordUpdateOperations

TheatomicrecordupdateoperationsrepresentthestandardSQLrecordupdateoperations.Theinter-
faceDBRecordUpdateis implementedby all atomicrecordupdates.’Atomic’ meansthattheupdate
is expressedasasingleSQLINSERT, UPDATE,or DELETEstatement.Theimplementedoperations
are:

Singlerecordupdates, which affect only a singlerecord:deleting,inserting,updating,andmoving
records. Moving a recordmeanschangingits primary key valuesand is a specialized
form of anupdateoperation.
Single recordupdatesimplementan interface(DBSingleRecordUpdate)which allows
somekind of introspectionby queryingvaluesfrom the primary key of the recordthe
operationwill affect.

Multi recordupdateoperations, namelydeletingand updatingsomerecordswhich matcha given
constraint.Thestandardcomparealgorithmsavailabledo not generatetheseoperations
yet. The DBAbstract.. .Recordsoperationsimplementthe commonbehavior of single
andmulti recordupdates.

Diagram6.14shows theinterfaceandclasshierarchy of theupdateoperations.
Themainmethodimplementedby anupdateoperationis ’execute’,which is givena referenceto

adatabasetabletheoperationshouldbeexecutedin.
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interface

DBRecordUpdate

+void execute

+String debugString

DBAbstractUpdateRecords

Serializable

+DBValueUpdate[] valueUpdates

+void execute

+String debugString

DBUpdateSingleRecord

+DBValue[] getPKey

+DBValue getValueFromPKey

DBMoveRecord

+DBValue[] getNewPKey

DBUpdateSomeRecords

 DBConstraint constraint

interface

DBSingleRecordUpdate

+DBValue getValueFromPKey

DBAbstractDeleteRecords

Serializable

+void execute

+String debugString

DBInsertRecord

Serializable

+DBValue[] values

+void execute

+DBValue getValueFromPKey

+String debugString

DBDeleteSingleRecord

+DBValue[] getPKey

+DBValue getValueFromPKey

DBDeleteSomeRecords

 DBConstraint constraint

Figure6.14:Classdiagramof databaserecordupdateoperations

TableUpdates

Thesearemainly containersfor updateoperations.As shown on figure6.15,therearetwo typesof
tableupdates.DBSimpleTableUpdatecontainsonly delete,update,andinsertoperations;DBTable-
Updateaddstheability to move records,whichmeanschangingvaluesin theprimarykey of records.

Theoperationsareexecutedin thefollowing order:delete,move,update,insert.It is importantto
definethisordersinceit affectstheresultsof theoperations.This executionorderwasdevelopedout
of thefollowing constraints:

� Deletesmustbeexecutedbeforeinsertsto avoid possibleprimarykey conflicts.

� It is moreefficient to executedeletesbeforeupdatesandupdatesbeforeinserts(therearefewer
recordsthatareupdated).

A consequenceof this is that theprimarykey of DBAbstractUpdateRecordsoperationsrefersto the
new primarykey of movedrecords.Thenext sectionexplainsamongotherthingswhy move opera-
tionshavebeenput into a specializedsubclassof DBSimpleTableUpdate.

DBSimpleTableUpdateprovidesa methodvisit(), whichallowsa classimplementingtheDBSin-
gleRecordUpdateVisitor interfaceto visit all recordupdatesit contains.
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moves*

updates* inserts*deletes* * inserts* updates* deletes

* moves

DBInsertRecord

Serializable

+DBValue[] values

+void execute

+DBValue getValueFromPKey

+String debugString

DBDeleteSingleRecord

DBAbstractDeleteRecords

+DBValue[] getPKey

+DBValue getValueFromPKey

DBUpdateSingleRecord

DBAbstractUpdateRecords

+DBValue[] getPKey

+DBValue getValueFromPKey

DBMoveRecord

+DBValue[] getNewPKey

DBTableUpdate

+void addUpdate

+void visit

+void execute

interface

DBSingleRecordUpdate

DBRecordUpdate

+DBValue getValueFromPKey

DBSimpleTableUpdate

Serializable

 String tableName

+void addUpdate

+void visit

+void execute

+void debugPrint

Figure6.15:Classdiagramof databasetableupdate

Moving Records

There is a problemwith changingthe primary key of records,considerthe following example2:
2->1,1->2. If you would try to executethe two updatesin this exampledirectly asSQL UPDATE
operations,thefirst wouldfail with a’duplicatekey’ error, becausethereis alreadyarecord’1’. Turn-
ing off theprimarykey constraintwouldn’t solve theproblem,becausethesecondoperationwould
thenaffect bothrecords(think aboutthat). This problemis equivalentto swappingthevaluesof two
variables:you needa temporarystorage.In our case,this is anunusedprimarykey value,which is
given to DBTableUpdateat constructiontime. Becausemovesdon’t occurin every table,DBSim-
pleTableUpdatewasintroducedwhichdoesn’t needthatvalue.

Thefollowing is thealgorithmusedto executemoves:

2Theexamplesgivenin thissectionassumethatall recordsareaddressedonly by asinglenumber.
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1. All movesareinitially put into a hashtable,to allow randomaccessto them. Thekey usedto
accessthemovesin thathashtableis theold primarykey of themoves.

2. If thehashtableis empty, wearefinished

3. An arbitrarymove is takenfrom thehashtableandput into a (yet empty)chainof moves.This
chainwill thenlook like “1->2, 2->5,5->3,.. . ” .

4. If thetargetof the lastmove in thechainis foundin thehashtable,thecorrespondingmove is
removed from thehashtableandappendedto thechain. This continuesuntil the targetof the
lastmove in thechainwasn’t foundin thehashtable.

5. If thechainformsa loop,which meansthetargetof thelastmove in thechainis thesourceof
thefirst, thechainis brokenupusingthetemporarykey value,e.g.thechain“1->2, 2->5,5->1”
wouldbecome“tmp->1,1-2,2->5,5->tmp”.

6. Thechainis executedin reverseorderandcleared.Continuewith step2.

Note that this algorithmonly works if the move operationsmake sense.Moves forming e.g. the
following chain: “1->2, 2->3, 3->2” areinvalid. Suchloops“in the middle” of the chaingenerally
don’t makeany sense,sincetheresultis notuniquelydefined.

6.4.3 DatabaseCompareComponents

Thissectiondescribesthedatabasecomparecomponentswhichcanbeusedtobuild upthecustomized
comparesubsystemsfor the problemdomains. The taskof the comparesubsystemis to generate
minimaloperationswhich transformanold versionof datainto anew version.

Themainnon-functionalrequirementsfor thedesignof thedatabasecomparecomponentswere
that they shouldbe extensibleandscalable.The former meansthat thereshouldbe many possible
ways to addnew functionality to allow the analyzertool to be usedon databasesin yet unknown
problemdomains.Thelatteris a very importantrequirementsincetheamountof datathatshouldbe
comparedis not known in advance. A consequenceof the scalabilityrequirementwasthat nothing
is held totally in memory. The databasecomparecomponentsoperateon DBRecordEnumeration
sourcesthatdeliver therecordslikestreams.

Thedifferentalgorithmsandheuristicsdescribedherecanbeusedin two ways:First, they canbe
pluggedtogetherin themostsuitableway andcustomizedusingtheir parameters.Second,they can
beextendedby new algorithmsandspecializedversionsof existingones.

Someof the comparemethodscanbe usedvery straightforward, e.g. simply usingDBCom-
pareMethodIteratingto iterateover the recordscontainedin theold andthenew table. Othershave
many differentparametersandarequitecomplicatedto use.

The classdiagram6.16 shows the databasecomparecomponents.The next sectioncontainsa
smallexamplecodefragmentandsequencediagramwhichwill demonstratetheirusage.

On thetoplevel thereareoneor moreDBCompareSchemainstanceswhich justusedifferentDB-
CompareTableobjectsfor eachtablethe schemacontains.DBCompareTableimplementsthe inter-
faceDBRecordSource,whichmeansmainlythatit implementstwo methodswhichdelivertherecords
from theold versionandthenew versionof thetable,respectively.

For eachtable, a comparemethodis defined. This comparemethodcan either be one of the
classesshown on thebottom,or oneof the two partitioningclasses.The former representmethods
of comparingrecords,eachexplainedin oneof thefollowing sections.Thelatterdivide thetableup
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tables *

creates

compare method

fetches records from

current source

creates

compare method

compare method

*tables

compare method

creates

compare method

fetches records from

current source

creates

compare method

interface
DBRecordSource

+DBTableDescription getTableInfo

+DBConstraint getDivisionConstraint

+DBRecordEnumeration getOldRecords
+DBRecordEnumeration getNewRecords

DBPartitionByColumnsPartial

 String[] dividingCols

+void compareRecords

interface

<<algorithm>>

DBCompareMethod

+void compareRecords

DBCompareMethodIterating

 String[] sortColNames

 boolean partial

+void compareRecords

DBCompareTablePartition

 DBConstraint division

+DBTableDescription getTableInfo
+DBConstraint getDivisionConstraint

+DBRecordEnumeration getOldRecords

+DBRecordEnumeration getNewRecords

DBPartitionByColumns

 String[] dividingCols

+void compareRecords

DBCompareMethodPartial

+void compareRecords

DBCompareTable

+void getUpdates

+DBTableDescription getTableInfo

+DBConstraint getDivisionConstraint
+DBRecordEnumeration getOldRecords

+DBRecordEnumeration getNewRecords

DBCompareSchema

Compare
 DBConnection oldCon

 DBConnection newCon

+void getUpdates

DBCompareMethodFindBestMatch

 String[] sortColNames

+void compareRecords

Figure6.16:Databasecomparecomponents

into partitions,andcreatea new recordsourceDBCompareTablePartition for eachpartition. Each
partitionis thencomparedseparatelyusingthecomparemethodassignedto thepartitioningmethod.
Thesemechanismsbuild up an principally unlimited chain of partitioningmethods,eachcreating
smallerpartitions,until oneinstanceof DBCompareMethod.. . is usedto comparetherecordsin the
last,finestpartition.

In general,therea two reasonsfor creatingpartitions.Thefirst is thatthenew versionof thetable
might includeonly a subsetof the datacontainedin the old (for example,only a supersetof new
andchangeddata).TheDBPartitionByColumnsPartial methodcanthenbeusedto determinewhich
partitionsareavailablein the new versionandcompareonly thesepartitions. The secondreasonis
thatsomecomparealgorithmsmighthaveanon-linearcomplexity, sodividing thetableup into small
partitionsguaranteesscalability. Currently, DBCompareMethodFindBestMatchis theonly compare
methodwherethismightbethecase.
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SimpleExample

An imaginaryexample:We aregettingdataaboutvehiclesthathadbuilt-in deficiencieswhich were
not detectedbeforethey weresold. This datashouldbe loadedinto a consolidateddatabaseholding
datafrom all factoriesin theworld. Thedatais organizedby country, company, factory, andavehicle
identificationnumber.

Thefollowing table(6.1)shows theimaginary’deficiency’ databasetabledefinition.

country company factory vehicle built date deficiency . . .

“USA” “GM” . . . 123..01 11/11/98 . . . . . .
. . . . . . . . . . . . . . . . . . . . .

“Germany” “BMW” Munich1 . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . .

Table6.1: ImaginaryExampleof ’deficiency’ databasetable

Deficiency datais collectedfrom theserviceoutletsin eachcountryanddeliveredasa monthly
snapshotto the consolidateddatabase.Unfortunately, due to a bad designof the datacollection
processes,informationaboutwhenthedeficienciesweredetectedor which recordsareactuallynew
or changedis not available. The databasewasmaintainedsince1970,andit turnedout that some
deficiencieshave beenfound as late asafter 20 years. The databasegrew to about200 Gigabytes
nowadays. It is mirroredat somesitesfor evaluationpurposes,but distributing the whole database
aftereachnew snapshotwould be too expensive andonlineaccesswasconsideredto be not secure
enough.Sotheanalyzertool is usedto detecttheactuallychangedandnew records.Thegenerated
updates,which arecompressedandonly about500KB/day, are thendistributedat a high security
level.

The following codefragmentshows how the comparemechanismis pluggedtogetherfrom the
comparecomponentsto detectwhich recordswereactuallychanged.It is assumedthat theconsol-
idateddatais in the database“main”, schema“topsecret”andnew snapshotsfor Germany andthe
USA havebeenloadedinto aseparatedatabase“snapshots”.

oldCon = new DBConnection( "jdbc://.../main", "topsecret" );
newCon = new DBConnection( "jdbc://.../snapshots", "topsecret" );

iterate = new DBCompareMethodIterating( new String[] {"company","factory","vehicle"} );
partition = new DBPartitionByColumnsPartial( new String[] {"country"}, iterate );
compareTable = new DBCompareTable( "deficiency", partition );

compareSchema = new DBCompareSchema( oldCon, newCon, new DBCompareTable[] { compareTable } );

compareSchema.getUpdates( theUpdateBuilder );

Thatexamplecodealsodemonstrateshow easyit canbeto build acomparetool for yetunknown
problemdomainsby only pluggingtogetherthedatabasecomparecomponentsdescribedhere.

Diagram6.17illustratestheinteractionafter“getUpdates()”is called.
In general,the interactionbetweencomparecomponentsconsistsof a ’down chain’ of method

callswherethe’compareRecords’methodof eachpartitionis calleduntil thefinal comparealgorithm
is reached,and two ’up chains’of methodcalls throughall the partitioningcomponentswhenthe
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 compareDeficiency 

...DBCompareTable 

 partitionCountry 

...DBPartitionByColumnsPartial 

 currentPartition 

...DBCompareTablePartition 

 compareMethod 

...DBCompareMethodIterating 

 schema 

...DBCompareSchema 

1: getUpdates

2: compareRecords(this)

4: ’return: partition enumeration’

9: ’return: old records for "USA"’

13: ’return: new records for "USA"’

20: ’return: old records for "Germany"’

24: ’return: new records for "Germany"’

3: getNewRecords

5: ’create for country = "USA"’

6: compareRecords(currentPartition)

16: ’create for country = "Germany"’

17: compareRecords(currentPartition)

8: getOldRecords

10:

12: getNewRecords

14:

19: getOldRecords

21:

23: getNewRecords

25:

7: getOldRecords

11: getNewRecords

15: ’compare ...’

18: getOldRecords

22: getNewRecords

26: ’compare ...’

1: getUpdates

2: compareRecords(this)

4: ’return: partition enumeration’

9: ’return: old records for "USA"’

13: ’return: new records for "USA"’

20: ’return: old records for "Germany"’

24: ’return: new records for "Germany"’

3: getNewRecords

5: ’create for country = "USA"’

6: compareRecords(currentPartition)

16: ’create for country = "Germany"’

17: compareRecords(currentPartition)

8: getOldRecords

10:

12: getNewRecords

14:

19: getOldRecords

21:

23: getNewRecords

25:

7: getOldRecords

11: getNewRecords

15: ’compare ...’

18: getOldRecords

22: getNewRecords

26: ’compare ...’

Figure6.17:Examplefor interactionbetweencomparecomponents

comparealgorithmrequeststhe recordsfrom theold andthenew versionof the table,respectively.
In theseup chains,eachpartitioneventuallyaddsits own partitioningconstraintsto theargumentsof
theget.. .Recordscall, usingthecompoundDBAndConstraintdescribedwithin thesectionaboutthe
databaseabstractionlayer.

Descriptionsof Indi vidual CompareComponents

Thefollowing aredescriptionsof thecurrentlyimplementeddatabasecomparecomponents:

DBPartitionByColumnsPartial comparesonly thepartitionsthatarein thenew versionof thetable.
Somecolumnsaregivenat constructiontime which identify thepartitions.It is obviously not
possibleto detectdeletedpartitionsusingthispartitioningscheme.

DBPartitionByColumns looks for partitionsin theold andin thenew versionof the table. It calls
thenext compare(or partitioning)methodin thechainfor eachpartitionthatis eitherpresentin
theold version,in thenew version,or in bothversions.Partitionsarealsoidentifiedby a setof
columnsgivenat constructiontime. TheDBPairRecordsclassdescribedin thenext sectionis
usedto identify whethera partitionwasdeleted,changed,or newly created.
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DBCompareMethodPartial can only detectchangedor newly createdrecords. For eachrecord
found in thenew versionit searchesfor in theold one. Becausea getOldRecordscall is gen-
eratedfor eachnew or updatedrecord,this methodshouldonly be usedif thenumberof old
recordsis muchlargerthanthenumberof changedor new records.But evenin thiscasetrying
to find well-sizedpartitionsis thepreferablewaybecauseit is muchfaster.

DBCompareMethodIterating iteratesover the recordsfound in the old and the new versionand
detectsdeleted,updatedandinsertedrecords.Recordsmustbeuniquelyidentifiedby thevalues
foundin thecolumn(s)givenat constructiontime. Otherwise,anexceptionis thrown. Record
movescanalsobedetectedif anythingelsethantheprimarykey is usedto identify therecords.
This classusesthe utility classDBPairRecordsto determinewhethera recordwas deleted,
changed,or newly inserted.A switchmaybegivenwhenconstructinginstancesof this class
whichwill suppressgeneratingrecorddeletes.Thisenablessupplyingonly asubsetof thedata
asnew data.

DBCompareMethodFindBestMatch is themostpowerful comparemethodyet but themostdiffi-
cult to use.As thenamesuggest,it triesto find thebestmatchbetweentherecordsfrom theold
andtherecordsfrom thenew version.Recordsfor whichacounterpartcouldbefoundarecon-
sideredupdatedand/ormoved,theothersareconsideredasdeletedrespectively insertedones.
Detailsabouthow this algorithmworks canbe found in the section’Finding BestMatching
Records’below.

The currently implementedcomparecomponentsall sort, partition, and/orcomparebasedon the
valuescontainedin oneor morecolumns.If a differentapproachis needed,basedon e.g. combined
or derivedvalues,thepresentclassescaneasilybeextendedto accommodatethisby subclassingthem
or generatingnew implementationsof the interfaces. Also, the designallows to useyet unknown
comparealgorithmsspecializedfor theindividualproblemdomains.

Finding Matching RecordPairs.

This sectiondescribeshow the DBPairRecordsutility works. This utility is usedto find matching
pairsof recordsor recordgroups.Whatis meantby a ’matchingpair’ is alsoexplainedin thissection.

In general,therearetoo many recordsin thedatabasesto beall heldin memory. Sothedatabase
comparecomponentsdescribedabovework onrecordstreams(DBRecordEnumeration),whichguar-
anteesscalability, asthesizeof thedatabasesis principally unlimited. They reada streamof records
from theold andthenew version,respectively.

Eachof thosepartitioningor comparealgorithmsusessomediscriminatingcolumnsto determine
whetherapairof recordsrespectively recordgroupsfoundin theoldandnew versionbelongstogether.
The recordsreadfrom the databasesarefirst sorted(ascending)by thesecolumns3, thenthevalues
in thesecolumnsarecompared.If they matchbetweenthe old andthe new version,a recordpair
was found. If they matchamongseveral recordsfrom the old andthe new versionrespectively, a
matchingpair of recordgroupswasfound. But what if they do not match? Which of the records
shouldbe consideredas insertedor deleted? The answeris easy: If the recordreadfrom the old
versionis smallerthantheother, it wasdeleted,if therecordfrom thenew versionis smaller, it was

3Note that it is importantfor thesealgorithmsthat the recordsfrom the old andthe new versionof the databaseare
deliveredusingthesamesortorder. Databasesfrom differentvendorsand/ordifferentdatabasecodepagesmight produce
incorrectresultswhenstringcolumnsareusedassortkeys. Also, thesortingof NULL valuesdiffersamongDBMSs.
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inserted.The following exampledemonstratesthis, usinga singlenumericcolumnfor sortingand
discriminating:

100 100
110 110
111 120
120 122
122 124
124 125
139 140
140 201
201 202
202 202
202 202
300 300

11
22
33deleted (3)

44
55
66
77

88
inserted (7)

deleted (8)

10
99

11

12 record group

Figure6.18:Exampledemonstratingalgorithmfor matchingrecordpairs

This works nice for numericcolumns,becauseevery databasesortsthis type of columnin the
sameway. But this is not the casefor stringscolumns. The sort orderof string columnsdepends
on the codepageand collation orderselectedwhen the databasewas created. Thereis no way to
determinevia the JDBC driver how the databasecomparesstrings,andsimulatingall the available
collationswould bea time consuminganderror-pronetaskanyway. Anotherpossibilitywould beto
askthedatabaseto comparethestrings,but this would bevery slow. And eventhatwouldn’t work.
WhenI wassearchingfor a way to comparestringsthatwould bethe leastcommondenominatorof
the big databasemanagementsystems,I droppedthe ideaof comparingstringsimmediatelyafter I
readtheOraclemanualdescribingthedifferencebetweena VARCHAR anda VARCHAR2 column.
However, how VARCHAR columnsaresorteddependsontheversion(!) of thedatabaseserverused:

“TheVARCHARdatatypeiscurrentlysynonymouswith theVARCHAR2datatype.How-
ever, in a future versionof Oracle,the VARCHAR datatypemight be changedto use
differentcomparisonsemantics.”

I decidedto useanotherapproach.I implementeda lookaheadalgorithmin DBPairRecordswhich
readsandstoresrecordsfrom bothstreamsuntil it findsthesmallestmatchingor comparablepair. For
eachrecordreadfrom oneof thestreams,all recordsfrom theotherstreamstoredalreadyaretried,
until a comparablepair is found. Notethatequalrecordsarealwayscomparable.Thenit is decided
which recordsaredeletedor insertedin awaysimilar to thatdescribedabove.

Unfortunately, thisalgorithmhas�
�

complexity, wheren is only thenumberof insertedor deleted
records,not the total numberof recordscontainedin the partition currentlycompared.If nothing
changedbetweenthe versions,the complexity is just 1, becausethe first pair readis thenalready
matching.If oneof thepartitionsis empty, thecomplexity is 1 aswell.

Finding BestMatching Records

The comparealgorithmDBCompareMethodFindBestMatchtries to find the bestmatchingrecords
from the old andthe new versionof the data. It first sortsandgroupsthe recordsby the columns
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definedat construction,usingtheDBPairRecordsutility describedin thelastsection.It thenusesan
arbitraryimplementationof DBCompareBestMatchingRecordswhichfindsthebestmatchingrecords
from theold andthenew recordgroupandcomparesthem.Singlerecordsor wholerecordgroupsfor
whichnomatchcouldbefoundarerememberedfor laterprocessing.Whentheendof thepartitionis
reached,all recordsfor whichnomatchcouldbefoundaregivenasecondtimeto thatimplementation,
sincesomerecordsmighthavechangedtheircorrespondingrecordgroupbetweentheold andthenew
version.

It canbeadifficult thingto find theright attributeswhichproducesmallrecordgroupsfor thefirst
pass,but don’t producetoo muchrecordswhich changetheir recordgroupandmustbeprocessedin
thesecondpass.A goodstartis to useattributeswhich changevery seldomanddescribea recordas
accurateaspossible.

Classdiagram6.19showsthecurrentlyimplementedclasseswhichareusedtofind thebestmatch-
ing recordsin a recordgroup.

estimator

matcher

estimator

matcher
DBCompareMethodFindBestMatch

+compareRecords:void

interface

...findbest.DBEstimateRecDiff

+getDiff:double

...findbest.DBEstimateRecDiffImpl

+getDiff:double

...findbest.DBCompareBestMatchingRecordsImpl

+getSortColumnNames:String[]

+matchRecords:void

interface

...findbest.DBCompareBestMatchingRecords

+getSortColumnNames:String[]

+matchRecords:void

Figure6.19:Classesusedto find bestmatchingrecords

Thecurrentlyonly implementationfor findingthebestmatchingpairof recordsin apairof record
groupsis DBCompareBestMatchingRecordsImpl.It usesan instanceof DBEstimateRecDiff to esti-
matethedifferencebetweenanold anda new record.ThegetSortColumnNamesmethodprovidesa
hint for the sort orderin a recordgroupwhich helpscompletingthe searchfor matchingpairsfast.
Thefollowing algorithmis usedto find thebestmatchingpair. It workson thetwo inputarraysgiven
to thematchRecordsmethoddescribedhere.

1. For eachpair processed,it first checksif theestimateddifferenceis below a givenlimit. If so,
therecordpair is immediatelycomparedandremovedfrom theinput.
Thisguaranteesa linearcomplexity if therewasnochangebetweentheversions.

2. Theestimateddifferencetogetherwith the indicesof therecordpair is insertedinto a priority
queue,if the differencedoesn’t exceeda definedlimit. Step1 and2 areexecuteduntil the
differencesbetweenall pairshave beencalculatedandall valid pairshave beenput into the
queue.

3. Thepairwith thelowestdifferenceis selectedfrom thequeue.
If oneof the two recordsfrom that pair wasalreadymatchedwith anotherrecord,the pair is
discarded.This is why the indicesinto the input arraysareput into the queue,andnot the
referencesto therecords:otherwise,alreadymatchedrecordscouldn’t bedetected.
If both indicesare valid, the pair is compared,which means,the changesbetweenthe two
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recordsaregeneratedasupdates.
This continuesuntil eitherthepriority queueis empty, or thereareno recordsleft which could
bematched.

Thisalgorithmis basedonalocaloptimization.Its worstcasecomplexity is �
�
, wheren is thenumber

of recordsin theinput arrays.If oneof theinput arraysis empty, thecomplexity is 1, sincethereare
nopairsthatcouldbematched.Thelocaloptimizationcanproducefar from optimalresultswhenthe
differencescalculatedby theestimatorarenotadjustedwisely. Thesection6.5.3aboutcomparingthe
footnotetablescontainedin theEPCdatabasegivesan ideaof whatmight happenwheninadequate
differencesareestimated.

Thecurrentlyonly implementationavailablefor estimatingthedifferencebetweentwo recordsis
DBEstimateRecDiffImpl. It just addson the differencescalculatedfor eachvaluecontainedin the
records. By default, eachvalue which is differentbetweenthe two recordsis weightedwith 1.0.
But for somespecialcolumnsspecifiedat construction,changepenalties(DBColumnPenalty)canbe
givenwhich consistof a weightanda limit. TheDBValue.estimateDiffTo() methodis usedfor these
columnsto calculatethedifference.This differenceis thenmultiplied with thegivenweightbut cut
off at the given limit. As alreadymentionedabove, the sectionaboutcomparingthe EPCdatabase
containssomeexamplesfor usingthismechanism.

6.4.4 Building DatabaseUpdates

This sectiondescribesthedatabaseupdatecomponentwhich is deliveredto theupdatebuilder sub-
system.Diagram6.20shows theinvolvedclasses.

produces

update

tableInfo

produces

update

tableInfo

interface

...build.UpdateComponent

DBUpdateComponent
DBUpdateComponentProducer

+void produceDeletes

+void produceInserts

+void compareRecords

interface

...db.updates.DBRecordUpdate

+void execute

+String debugString

...db.DBTableDescription

+String tableName

+int[] pKey

+DBColumnSet getPKey

+boolean isPKeyColumn

Figure6.20:Classdiagramshowing databaseupdatecomponent.

To beacceptedby theupdatebuildersubsystem,thedatabaseupdatecomponenthasto implement
thetagginginterfaceUpdateComponent.Thedatabaseupdatesareproducedby theDBUpdateCom-
ponentProducer. Its methodsshown on thediagramarecalledby thecomparecomponentsdescribed
in theprevioussection,whenever deletedor insertedrecordsweredetected,or two recordsshouldbe
compared.

The updatecomponentcontainsa recordupdateoperation(DBRecordUpdate),which was de-
scribedin the sectionaboutdatabaseupdates. It also containsa referenceto a descriptionof the
tablethe updateoperationbelongsto. Otherwise,the updatebuilder wouldn’t know to which table
the recordupdateoperationbelongs.Puttingthe informationaboutthe tableinto DBRecordUpdate
wouldbetooexpensivewhentheupdatesareserialized.
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6.4.5 Implementationsof the Temporary UpdateQueueManager

Classdiagram6.21shows theimplementationsof theTmpQueueManagerinterface.

tabletable

interface

TmpQueueManager

+void removeAllUpdates

+Update getUpdate

+void putUpdate

+String[] getAllUpdateIds

TmpQueueManagerMemImpl

+void removeAllUpdates

+Update getUpdate

+void putUpdate

+String[] getAllUpdateIds

...DBTmpQueueManagerImpl

+void removeAllUpdates

+Update getUpdate

+void putUpdate

+String[] getAllUpdateIds

+void writeCache

paid.datamove.db.DBTable

+DBConnection con

+DBRecordEnumeration query

+void delete

+void update

+void insert

Figure6.21: Implementationsof TmpQueueManager.

TheDBTmpQueueManagerImplstorestheupdatesinto a databasetable.Sincetheupdatesmust
beserializedanddeserializedto bestoredinto thedatabase,thiscanberatherslow. A fasteralternative
is TmpQueueManagerMemImpl,whichusesahashtableto storetheupdates.But this implementation
cannotalwaysbeused,since,dependingon theproblemdomain,thegeneratedupdatescanbecome
toobig to beheldin memory.

An examplefor theuseof thetemporaryqueuemanagercanbefoundin section6.2.1,describing
thegeneralupdategeneratorsubsystem.

6.4.6 Implementation of the Public UpdateQueueManager

Classdiagram6.22 shows the currentlyonly implementationDBUpdateQueueManagerImplof the
UpdateQueueManagerinterface.

Thatimplementationusesadatabasetableto storetheupdatespermanentlyfor publicaccess.The
performanceproblemis thesameasmentionedfor thetemporaryupdatequeueabove.

TheUpdateQueueFilterinterfacewasintroducedto allow apreselectionof updatesbeforethey are
retrievedfrom thedatabase.Theupdatescanbepreselectedbasedon the informationthat is passed
to theacceptmethod,which is theupdateidentifier, thetimestamp,andtheinformationaboutnewly
introduceddatasubsets.ThelocaldatadescriptionLocalDataDescimplementsthis interfaceandcan
beuseddirectly to selecttheappropriateupdatesfrom thequeue.Thesequencediagramshown for
theSimpleApplysubsystem(6.4) illustratesthis.

6.4.7 LocalData Implementedfor Relational Databases

DBLocalDatais usedto representlocal datathat is storedwithin a relationaldatabase.It is usedby
the SmartUpdatesto get a referenceto the local datathat shouldbe updated.Classdiagram6.23
shows theinvolvedclasses.

Thedatabaserepresentedby a DBLocalDataobjectis accessedvia anassociatedDBConnection
object. ThetransactionsupportingmethodsbeginTransaction(),commit(),androllback()areimple-
mentedby calling the respective methodson theDBConnectionobject. Thedescriptionof thedata
storedin thedatabase,aLocalDataDescobject,is storedpermanentlyin a tablecontainedin thesame
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uses for preselection

table

uses for preselection

table

interface

UpdateQueueFilter

+boolean accept

+long firstTime

interface

UpdateQueueManager

+Update getUpdate

+void putUpdate

+DataSubset[] getUpdatedSubsets

+void beginTransaction

+void commit

+void rollback

...DBUpdateQueueManagerImpl

+Update getUpdate

+void putUpdate

+DataSubset[] getUpdatedSubsets

+void beginTransaction

+void commit

+void rollback

paid.datamove.db.DBTable

+DBConnection con

+DBRecordEnumeration query

+void delete

+void update

+void insert

...LocalDataDesc

+void setLocalData

+DataSubset getSubset

+long firstTime

+void addSubset

+void updateSubset

+void debugPrint

Figure6.22: Implementationof UpdateQueueManager.

represents

description

connection

represents

description

connection

interface

...datamove.updates.LocalData

+LocalDataDesc getDescription

+void putDescription

+void beginTransaction

+void commit

+void rollback

DBLocalData

+LocalDataDesc getDescription

+void putDescription

+void beginTransaction

+void commit

+void rollback

...updates.LocalDataDesc

+void setLocalData

+DataSubset getSubset

+long firstTime

+void addSubset

+void updateSubset

+void debugPrint

...db.DBConnection

+String schemaName

+DBTable getTable

+void beginTransaction

+void commit

+void rollback

+void close

+String toString

Figure6.23:Classesassociatedwith DBLocalData.

database.The getDescription()andputDescription()methodsareusedrespectively to reador write
thatdescriptionto thedatabase.
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6.5 ProblemDomain SpecificClassesfor EPC

ThissectiondescribestheEPCspecificimplementations.ThesearetheEPCSmartUpdates,themain
EPCAnalyzerclass,andtheEPCspecificcompare,build, andpublishsubsystems.

6.5.1 EPC Updates

TheUpdatesto theStarPartsdatabasearestructuredlike thesubsets.Theclassdiagram6.24shows
theirhierarchy.

EPCModelCatalogUpdate EPCSpVersCatalogUpdate

EPCUpdate

Serializable

+void addUpdate

+void setDependencies

+void setVersion

+void setNewInfo
+void execute

+String getNewInfo

+Update getCustomized

+Dependency[] getDependencies

+String toString

interface

paid.datamove.updates.Update

+void execute

+Update getCustomized
+DataSubset getSubset

+String getNewInfo

+Dependency[] getDependencies

+void debugPrint

EPCModelCatalogStatUpdate

#DBSimpleTableUpdate catalogTableUpdate

#DBSimpleTableUpdate modelTableUpdate

#DBSimpleTableUpdate chassisAggTableUpdate

#DBSimpleTableUpdate aggChassisTableUpdate
#DBSimpleTableUpdate cgSpVersTableUpdate

+void addUpdate

+void debugPrint

+DataSubset getSubset

EPCModelCatalogDynUpdate

#DBSimpleTableUpdate cgTableUpdate

#DBSimpleTableUpdate imageTableUpdate

#DBSimpleTableUpdate[] imageNameTableUpdates
#DBSimpleTableUpdate imageNumberTableUpdate

#DBTableUpdate partsTableUpdate

#DBTableUpdate footnoteTableUpdate

#DBTableUpdate tabFootnoteTableUpdate

+void addUpdate
+void debugPrint

+DataSubset getSubset

EPCSpVersCatalogDynUpdate

#DBSimpleTableUpdate svImageTableUpdate

#DBSimpleTableUpdate svImageNumberTableUpdate
#DBTableUpdate svPartsTableUpdate

#DBTableUpdate svFootnoteTableUpdate

#DBTableUpdate svTabFootnoteTableUpdate

+void addUpdate

+void debugPrint

+DataSubset getSubset

EPCSpVersCatalogStatUpdate

#DBSimpleTableUpdate specialVersionTableUpdate

#DBSimpleTableUpdate strokeVersionTableUpdate

#DBSimpleTableUpdate strokeVsModelTableUpdate

+void addUpdate
+void debugPrint

+DataSubset getSubset

EPCSupplementaryTextUpdate

#DBSimpleTableUpdate tableUpdate
+void addUpdate

+void debugPrint

+DataSubset getSubset

Figure6.24:SmartUpdatesfor EPCdatabase

Theupdatesserve mainly ascontainersfor DBSimpleTableUpdateandDBTableUpdateobjects,
which in turn storethe recordupdatesto the EPCdatabasetables. The only interestingfunction is
the getCustomized()method. It createsa visitor which visits the updatesto tableswhich contain
languagespecificdata.Thisvisitor thenremovestheupdatesto languagespecificcolumnsor records
for languagesthatarenotselectedby EPCLocalDataDesc.languages.

The LocalDataobject passedto the execute()methodmust be an instanceof EPCLocalData,
which is a subclassof DBLocalDatawhich wasintroducedonly to allow to checkwhethertheright
LocalDatareferencewaspassedto theupdate.
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Dependenciesand Information About NewSubsets

Thedependenciesandtheinformationaboutnewly introducedsubsetscontainedin anEPCUpdateis
initializedwith setDependencies()respectivelywith setNewInfo() by thepublishersubsystem(EPCPub-
lisher, section6.5.5). The latter is currentlynot implemented;updateswill only return the string
’NEW’ if they introduceanew subset.

EachEPCUpdatewhich doesn’t introducea new subsetdependson the previous versionof the
subsetit will update.Two updatesto thestaticanddynamicsubsetsof thesamecatalogdependon
oneanother, andeachcatalogupdatedependson thecurrentversionof thesupplementarytexts table.

6.5.2 Toplevel ClassEPCAnalyzer

Classdiagram6.25shows thetop level classEPCAnalyzerandtheassociatedclassesof thedifferent
subsystems.

tmpQ

updateQ

builder

comparer

applier

updateQ

tmpQ

builder

updateQ

tmpQ
publisher

tmpQ

updateQ

publisher

builder

comparer

applier

updateQ

tmpQ

builder

updateQ

tmpQ

...build.EPCUpdateBuilder

+void addUpdateComponent

interface

...queues.UpdateQueueManager

+Update getUpdate

+void putUpdate

+DataSubset[] getUpdatedSubsets

+void beginTransaction

+void commit

+void rollback

...apply.SimpleApply

+void apply

+boolean checkDependencies

EPCAnalyzer

 void run

...EPCCompare

+void compare

interface

...queues.TmpQueueManager

+void removeAllUpdates

+Update getUpdate

+void putUpdate

+String[] getAllUpdateIds

...epc.publish.EPCPublisher

+void publish

+void publishCatalogUpdates

Figure6.25:Main EPCanalyzerclassandassociatedsubsystems.

Thevery simplesequencediagram6.26shows how theactivity diagram6.2 foundin thesection
aboutthe subsystemdecompositionmapsto methodcalls on the subsystemclasses.The activities
weremappeddirectly to methodcalls.

6.5.3 CompareSubsystem

Themaintaskof theEPCspecificimplementationof thecomparesubsystemis to specifytheparam-
etersfor thedatabasecomparecomponents.Thissectionis split up into four subsections:comparison
of part recordtables,footnotetables,the supplementarytexts table,andthe remaining(’standard’)
tables.
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 theAnalyzer 
...EPCAnalyzer 

 comparer 
...EPCCompare 

 publisher 
...EPCPublisher 

 applier 
...SimpleApply 

1: apply

2: compare

3: publish

4: apply

1: apply

2: compare

3: publish

4: apply

Figure6.26:Sequenceof top-level methodcallsto analyzersubsystems.

Standard TablesComparedby Primary Key

All tableswhicharenotapartrecord,footnote,or supplementarytextstablearecomparedby iterating
overtheprimarykey in theold andthenew versionof thetable,respectively. Whereapplicable,tables
aresubdividedpartially by catalogandconstructiongroup. This enablesusingan incrementalcon-
structiongroupsupply, asthenew versionsof thetablecancontainonly datafor changedconstruction
groups.Thetablesfor modelspecificdataareonly subdividedpartiallyby thecatalogandthespecial
versiontablesby thespecialversionmainnumber, becausethesupplyprocessalwayssupplieswhole
specialversioncataloguesasoneunit.

SupplementaryTextsTable

This table is comparedusing the DBCompareMethodPartial databasecomparecomponent,which
selectsfor eachrecordfoundin thenew tabletheappropriaterecordfrom theold one.It thereforecan
generateonly updatesandinserts.Also,asalreadymentioned,it is veryslow. Thereasonfor choosing
thismethodwas,thatsomecataloguescontainsupplementarytexts inline. Theseareextractedandput
into thenew versionof this table.Becausethatareonly very few, usingthismethodwasappropriate.
Whena new versionof thesupplementarytexts is supplied,thecomparisonmaytake sometime,but
that happensonly every few month. Also, if the datefields in the supplementarytexts tablewere
suppliedcorrectly, onecoulddeleteall recordswhicharetooold beforerunningtheanalyzer.

Part Records

Theproblemwith partrecordsis thatthey havenouniqueidentity. Instead,a runningnumberis used
to identify recordswithin a constructiongroup.Today, many of theserunningnumberschangewhen
imagegroupsarereorganized(seechapter5 for details).For theplannedconversionfrom DIALOG to
theELDASformat,theserunningnumberswill begivenonly temporarilyfor eachconvertedsnapshot.
Giventhat,I implementeda mechanismwhichsearchesfor thepartrecords,DBCompareBestMatch-
ingRecordsImpl.A detaileddescriptionof thealgorithmcanbefoundin section6.4.3.

Principally, one could usethis algorithm directly for eachconstructiongroup to find the best
matchingrecords.But, asthis algorithmhas 	



complexity, this couldget very slow for largecon-
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structiongroups,sincethey maycontainmorethan2,000partrecords.SoI usethefollowingattributes
to groupthepartrecordsinto smallerunits: thepartnumberandtheflagsindicatingwhetherapartis
valid for manualor automatictransmission,andwhetherit is valid for left handor right handsteering.
I chosethisattributesbecausethey changeveryseldom.Groupingtherecordsby thisvalues,I getthe
valuesfor ’n’ shown in table6.2,wheren is thesizeof onegroup.

n 1 2 3-5 6-10 11-20 21-40 41-80 81-191

occurrences 269,218 24,681 10,094 2,153 734 223 91 53
in percent 87.6 8.0 3.3 0.7 0.2 0.07 0.03 0.02

Table6.2: Sizesof partrecordgroupswith numberof occurrences.

The tableshows how often ’n’ occursin our referenceinstallation. 99% of all part recordsare
groupedto lessthan6 partrecords.99,9%aregroupedto lessthan21records.

Giventhatn is mostly1 or 2, the 	



complexity doesn’t hurt. Theproblemin usingmoreattributes
to groupthepart recordsto smallergroupsis thatat theendof theconstructiongroupthealgorithm
hasto matchyet unmatchedrecordsagain. This affectsrecordswhich arereally new or deleted,but
alsorecordswherethoseattributesselectedfor groupingchanged,sincethey will thenbe found in
differentgroupsin theold andthenew version.Soonehasto find a goodcompromiseto selectthe
appropriateattributes.For thepartrecords,I choseattributesthatalmostnever changeandspecifya
partrecordsrelativeprecisely. It is importantthattheunderlyingalgorithmhasonly linearcomplexity
whennothingwaschangedbetweentwo versionsof acatalog,becausethis is themostcommoncase.

Thismethodis basedonalocaloptimization,e.g.thealgorithmtriesto first find thebestmatching
pair in a recordgroup,thenthesecondbest,andsoon. Usinga globaloptimizationto find thebest
matchbetweentwo groupsby consideringall possiblepairshasexponentialcomplexity, which is not
feasible.

Note that thesemanticsof recordchangesaremuchbetterrepresentedby theupdatesgenerated
by this methodthanby usingtheprimarykey to find matchingrecords.But, asheuristicsareused,
this is not perfect. Actually, it cannever be,sinceI discoveredthatsometimesevena humanbeing
cannotdeterminewhatreallyhappenedbetweentwo versionsby lookingat theresultingsnapshots.

Footnotes

Theproblemwith footnotesis thatrunningnumbersareusedto identify andorderthelines. If a line
is insertedor deleted,all line numbersafterthatchangewill bedifferentbetweenthetwo snapshots.

Thefootnotetablesarecomparedusingthesameheuristicalgorithmasfor partrecords(DBCom-
pareBestMatchingRecordsImpl).Thefootnotegroupsaredeterminedby thefootnotenumberandthe
language,asthesetwo attributesalmostnever change.Within eachgroup,thealgorithmthentriesto
find thebestmatchbetweenfootnotelines.

It wasvery importantto manuallyadjustthepenaltiesevaluatedby this algorithm. Thestandard
weightingtakesevery columnwith 1.0 into account.Sincethereare2 line numbersfor thenormal
footnotesand3 for thetabular footnotes,thedifferencebetweenline numberswould weightstronger
thanthatbetweenthecontentsof thefootnotelines.Sothepenaltyfor thelatterwasadjustedto beat
leastasbig asthesumof thepenaltiesfor all line numbers.

The provided EPCschemahad to be modified. The tablesFUNO_TAB andSA_FUNO_TAB
containingthetablefootnotesuseda separate,languageindependentline number(BLOCK_ZEILE)
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asprimary key. I changedthe schemain a way that thesetablesnow usethe samecolumnsasthe
normalfootnotetablesin additionto thegroupingcolumnBLOCK_ZAEHLER.Usingtheprevious,
languageindependentkey, it wouldbeimpossiblefor theSmartUpdatesto determinethelanguageof
thegeneratedDBUpdateSingleRecordupdateoperations.This is becauseonly updatedandprimary
key columnsarecontainedin suchanupdateoperation.

6.5.4 UpdateBuilder Subsystem

The updatebuilder subsystemconsistsof only oneclass: EPCUpdateBuilder. It just performsthe
following tasks:

� It receivesa recordupdateoperationembeddedin a DBUpdateComponentfrom thecompare
subsystemvia theUpdateBuilderinterface,

� It determineswhetherthe recordupdateis to a modelcatalog,specialversioncatalog,or to
the supplementarytexts table. This is donewith help from EPCSchema,which containsthe
informationaboutwhich tablebelongsto whichsubset.

� For modelcatalogupdates,thecatalogidentifieris determined,for specialversioncatalogup-
dates,thespecialversionmainnumberis determined.

� It tries to load the respective EPCSmartUpdatefrom the temporaryqueue. Whennoneis
found,anew oneis created.

� It passestherecordupdateto theSmartUpdate.

� And finally, theSmartUpdateis writtenbackto thetemporaryqueue.

6.5.5 Publisher Subsystem

This is alsoonly oneclass:EPCPublisher. It’ s main taskis to calculatethe dependenciesbetween
the updatescontainedin the temporaryqueue,andto put theminto the public updatequeue. The
latter is donewithin one transactionusing the beginTransaction()andcommit() methodsfrom the
UpdateQueueManagerfor thepublicupdatequeue.

It first getsall updateidentifiersfrom thetemporaryqueueandusesahashtableto find thematch-
ing updatesfor thestaticanddynamicsubsetsof thesamecatalog.An associatedEPCLocalDataDesc
objectwhichdescribesthedatacontainedin thereferencedatabaseis usedto determinewhichSmart
Updatesintroducenew subsets,andto initialize thedependenciesto existingsubsets.

6.5.6 Helper Classes

Thefollowing helperclasseswerecreatedto encapsulateEPCspecificinformationatadefinedplace:

EPCLanguage holdsall datawhich identifieslanguages,namelytheprefixesandcodesdescribedin
section5.1.

EPCTableInfo describesa table in the EPC database.It containsinformationaboutwhich table
belongsto which catalogtype (modelor specialversion)andif it belongsto the dynamicor
staticsubsetof acatalog.
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EPCSchema is a containerfor all the table informationobjects. It also provides a fast mapping
methodgetTableInfo()for gettingthetableinfo objectfor agiventablename.

EPCColumns containssomeof thecolumnnamesfoundin theEPCdatabase.It wasintroducedto
avoid puttingthedatabasecolumnnamesdirectly into thecode.

6.6 ProblemDomain SpecificClassesfor FDOK

This sectiondescribestheFDOK specificimplementations.ThesearetheFDOK SmartUpdates,the
mainFDOKAnalyzerclass,andtheFDOK specificcompare,build, andpublishsubsystems.

6.6.1 FDOK Updates

Classdiagram6.27showstheupdatesto theStarIdent(FDOK) database.Theseupdatesservemainly
asa containerfor the DBSimpleTableUpdateobjects,which in turn storethe recordupdatesto the
FDOK databasetables.

FDOKVehicleDataCardsUpdate

#DBSimpleTableUpdate vdcTableUpdate

+void addUpdate

+void debugPrint

+DataSubset getSubset

FDOKCodeNamingsUpdate

#DBSimpleTableUpdate passengerCarCodeTableUpdate

#DBSimpleTableUpdate utilityVehicleCodeTableUpdate

#DBSimpleTableUpdate specialVersionCodeTableUpdate

+void addUpdate

+void debugPrint

+DataSubset getSubset

FDOKUpdate

+void addUpdate

+void setDependencies

+void setVersion

+void setNewInfo

+void execute

+String getNewInfo

+Update getCustomized

+Dependency[] getDependencies

+String toString

interface

paid.datamove.updates.Update

+void execute

+Update getCustomized

+DataSubset getSubset

+String getNewInfo

+Dependency[] getDependencies

+void debugPrint

Figure6.27:SmartUpdatesfor FDOK database

The FDOKVehicleDataCardsUpdateis customizableboth for singlevehicledatacards(FDOK-
SingleVehicleDataCard)andvehicledatacardssubsets(FDOKVehicleDataCardsSubset).For thelat-
ter, the getCustomized()methoddoesnothing (returnsthe sameFDOKUpdate),for the former, it
stripsoff all vehicledatacardrecordupdatesfrom the SmartUpdatethat arenot locally installed.
Thispreventstheupdatefrom installingunwantedvehicledatacards.

TheFDOKCodeNamingsUpdatejustupdatesthecodenamingtablesfor thepassengercar, utility
vehicle,andspecialversioncodes.As alreadymentionedin section5.3.6abouttheFDOK subsets,
theseshouldalwaysbelocally installed,becausethesetablesarerelatively small,only a few MB.
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The LocalDataobjectpassedto the execute()methodmustbe an instanceof FDOKLocalData,
which is a subclassof DBLocalDatawhich wasintroducedto allow checkingwhetherthe right Lo-
calDatareferencewaspassedto theupdate.

Dependenciesand Information About NewSubsets

The dependenciesandthe informationaboutnewly introducedsubsetscontainedin the FDOKUp-
dateis initializedwith setDependencies()respectively with setNewInfo() by thepublishersubsystem
(FDOKPublisher, section6.6.5). Thestring returnedby getNewInfo() is the identity of theupdated
subset(getSubset().getIdentity()).

EachFDOKUpdatewhichdoesn’t introducea new subsetdependson thepreviousversionof the
subsetit will update.

6.6.2 Toplevel ClassFDOKAnalyzer

The toplevel of the FDOKAnalyzerlooks exactly the sameas that for the EPCAnalyzershow in
section6.5.2,with theonly differencethatall occurrencesof ’EPC’ arereplacedby ’FDOK’.

6.6.3 CompareSubsystem

The classesrepresentingthe comparesubsystemfor FDOK areFDOKCompareandFDOKSubdi-
videVDCPartial, locatedin thepaid.datamove.fdok.comparepackage.Thecompare()methodof the
formeris calledby themainFDOKAnalyzerclassto initialize thedatabasecomparecomponentsand
startcomparingthetables.

Comparing the Main VehicleData Cards Table

TheFDOKSubdivideVDCPartial is usedto subdivide themainvehicledatacardstablebeforecom-
paring it. It is an implementationof the DBCompareRecordsinterfaceandworks very much like
DBPartitionByColumnsPartial (seesection6.4.3),exceptthat it doesn’t usedirectly thevaluesfrom
somegivencolumns,but substringsof thosefor determiningthepartitions.Thesamevalues(model
line andareacode4) which areusedto specifyFDOK vehicledatacardsubsetsareusedhereto par-
tition thetablebeforecomparingit. Only thepartitionscontainedin thenew versionof thetableare
compared,sothenew versionmaycontainonly somesubsetsof thevehicledatacards,namelythose
containedin theincrementalupdatescomingfrom thelegacy FDOK database.

Eachof thesepartitionsis comparedby iteratingover theprimarykey usingDBCompareMethod-
Iterating.The’partial’ flag is givento thelatter to allow eachpartitionin thenew versionto contain
only a subsetof vehicledatacards.Otherwise,deleterecordcommandswould begeneratedfor the
’missing’ vehicledatacards.

TheDBCompareTableclasswassubclassedto CompareVDCTable,aninnerclassof FDOKCom-
pare,to implementthefollowing two extensions:

� The getPKey() methodof DBCompareTable was overriddento pretendthat the order num-
ber(AUFTRAG) is partof theprimarykey, which wasactuallyonly thevehicleidentification
number(FIN). This wasdoneto allow theupdatebuilder subsystem(FDOKUpdateBuilder)to

4Thebuild year, which is plannedto beusedfor subsettingFDOK, is currentlynotavailable.
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determinethe areacodefrom the ordernumber. Otherwise,if that field wasnot changedbe-
tweentwo versionsof a vehicledatacard,it wouldn’t beincludedin a recordupdateoperation
(DBUpdateSingleRecord)generatedby thedatabasecomparecomponents.

� As explainedin the sectionaboutthe sizeof the FDOK updates(5.3.4),a vehicledatacard
shouldbeuncompressedbeforeit isagaincompressedaspartof ancompoundFDOKSmartUp-
date.
The standardDBAutoColumnhandlerassignedautomaticallyto the column containingthe
gzippedJava objectswould just storethecompressedbinary imagesinto DBBinaryValueob-
jects.SothegetColumns()methodof DBCompareTablewasoverriddentoestablishFDOKGzip-
Columnfor this column,which uncompressesthe valuesandproducesFDOKGzipValueob-
jects,a subclassof DBBinaryValue(seeclassdiagram6.28). The latter thencontainstheun-
compressedbinaryimage,andautomaticallycompressesit again whenwriting to thedatabase
by overriding thefillPrepStmt()method.This mechanismis very similar to thatdescribedfor
DBObjectColumnandDBObjectValuein section6.4.1.

producesproduces

paid.datamove.db.DBColumn

+String name
+int sqltype
+Class valueClass

+boolean equals
+boolean typeEquals

FDOKGzipColumn

+Class valueClass
+DBValue valueOf

FDOKGzipValue

+int fillPrepStmt

...values.DBBinaryValue

+byte[] value

+int fillPrepStmt
+boolean equals

+int hashCode
+DBValueUpdate getUnique
+String toString

Figure6.28:Classesusedfor handlinggzippedvehicledatacardobjects.

Comparing the CodeNaming Tables

Thecodenamingtablesarejust comparedthestandardway by iteratingover theprimarykey, using
DBCompareMethodIterating.

6.6.4 UpdateBuilder Subsystem

Theupdatebuilder subsystemsfor FDOK consistsof only oneclass:FDOKUpdateBuilder, located
in the paid.datamove.fdok.build package.It implementsthe UpdateBuilderinterfaceto receive the
UpdateComponentsfrom the comparesubsystem.It performsthe following stepsto combinethe
UpdateComponentsto FDOKUpdates:

� It receivesa recordupdateembeddedin anUpdateComponentfrom thecomparesubsystem.

� It determinesif therecordupdateis anupdateto thevehicledatacardstableor to oneof thecode
namingtables.Theinformationfrom thehelperclassFDOKSchemais usedfor thispurpose.
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� For vehicledatacardupdates,themodelline andareacodeis determinedfrom theprimarykey,
which waspreparedby FDOKCompare(seeabove). This informationis neededto assignthe
recordupdateto thecorrectFDOKVehicleDataCardsSubset.

� Like shown in thegeneralinteractiondiagramfor theupdategeneratorsubsystem(6.3), it first
triesto loadtheappropriateFDOKUpdatefrom thetemporaryqueue.If nonewasfound,anew
FDOKUpdateis generated.

� Therecordupdateis passedto theFDOKUpdatevia addUpdate().

� TheSmartUpdateis written(back)to thetemporaryqueue.

6.6.5 Publisher Subsystem

Thepublishersubsystemis implementedby theFDOKPublisherclassin thepaid.datamove.fdok.publish
package.After theFDOKUpdateobjectsaregeneratedby thecompareandupdatebuildersubsystems,
this subsystemis activated.It’ s maintaskis to calculatethedependenciesbetweentheupdatescon-
tainedin thetemporaryqueue,andto put theminto thepublicupdatequeue.Thelatteris donewithin
onetransactionusingthebeginTransaction()andcommit()methodsfrom theUpdateQueueManager
for thepublicupdatequeue.

6.6.6 Helper Classes

Thefollowing areonly helperclassesto encapsulatemetainformationabouttheFDOK database(e.g.
schema,table,andcolumnnames):

FDOKTableInfo describesa tablein theFDOK database.It tells whethera tableis a codenaming
tableor thevehicledatacardtable.

FDOKSchema is a containerfor the tableinformationobjects. The getTableInfo()methodcanbe
usedto determinetheFDOKTableInfofor agiventablename.

FDOKColumns containssomeof thecolumnnamesfrom theFDOK database.It wasintroducedto
avoid puttingthedatabasefield namesdirectly into thecode.
It alsocontainstheoffsetsinto thevehicleidentificationnumber(FIN) andordernumber(AUF-
TRAG) stringsto calculatethemodelline respectively theareacodefrom theseattributes.
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Analyzer Usageand SampleData

Thisthesisis accompaniedwith eitheraCD-ROM or with archivefilescontainingthefollowing items:

� Theanalyzersourcecodeandcompiled’.class’files.

� Thejavadocdocumentation.

� ShellscriptsandSQLscripts.

� ThemodifiedEPC/FDOKconversionutilities andscripts.

� Sampledatafor EPCandFDOK.

� Theoriginalconversionutilities andscriptssuppliedby debis.

Thenext sectionswill explainwheretheseitemsarelocated,andwhichsampledataandutility scripts
wereprovided.

7.1 Dir ectory Hierarchy

Thefollowing list of directoriesis relative to theroot directory’analyzer/’foundon theCD-ROM or
in thearchivefiles,respectively.

src/ Containsthesourcecodedirectoryhierarchy.

classes/ThecompiledJava ’.class’filesarelocatedhere.

doc/ This is therootdirectoryof thejavadocdocumentation.

scripts/ Containsthemainshellscripts,whicharedescribedin thesectionsbelow.

config/ Containssomeconfigurationscriptssourcedby theshellscripts.Theseconfigurationscripts
mustbecustomizedto reflectthelocaldatabaseconfiguration.

sql/ All SQLscriptsfor creatingandimportinginto databasesarelocatedhere.

epcconv/ Conversion’awk’ scriptsfor EPC,asdescribedin 5.2.8.

epcdata/ SampleEPCcatalogues.
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fdokconv/ ModifiedJavaclassesusedto loadthedatabasewith theincrementalupdatescomingfrom
thelegacy FDOK database(describedin 5.3.2).

fdokdata/ Sampledatafor FDOK.

orig/ Someof theoriginaldataandscriptssuppliedby Mercedesanddebis.

7.2 Configuration

Thescriptswerecreatedandcustomizedfor the ’MySQL’ database,assumingthata user’analyzer’
with thesamepasswordhasaccessto thedatabasesusedfor thedataandqueues.

For usingtheseutilities with otherdatabasesystems,thescriptslocatedin the’config/’ directory
mustbecustomized.Thecommentscontainedin thesescriptsshouldhelpdoingthis. Dependingon
thedatabasesystemused,othershellscriptsandSQLscriptsmighthave to becustomizedaswell.

7.3 SampleData and Utilites for EPC

7.3.1 SampleCatalogues

Thesamplemodelandspecialversioncataloguesarelocatedin directoriesbelow ’epcconv/init/’ and
’epcconv/updates/’.Theformerholdsall catalogueswhichshouldbeloadedinitially into a reference
database,usingthe ’EPCImport’ scriptdescribedbelow. The lattercontainstheupdatesnapshotsto
thesecatalogueswhichcanthenbecomparedto thereferencedatabaseusingthe’EPCImportAnalyze’
script.

Thesecataloguesarestoredin directoriesreflectingthe time whenthey wereextractedfrom the
ELDAS system.Theseareexamplesfor initial dataandupdatesof specialversioncataloguesanda
modelcatalog(’30L’):

epcdata/init/19980305.090725/SA.TXT.gz
epcdata/updates/19980313.084923/SA.TXT.gz
epcdata/updates/19980320.075553/SA.TXT.gz
epcdata/init/19980423.180730/30L.TXT.gz
epcdata/updates/19980428.130109/30L.TXT.gz
epcdata/updates/19980504.163123/30L.TXT.gz
epcdata/updates/19980728.094821/30L.TXT.gz
epcdata/updates/19980728.094822/30L.TXT.gz

7.3.2 Utilities

Thefollowing EPCspecificscriptscanbefoundin the’scripts/’subdirectory:

EPCCreate

ThisscriptcreatestheEPCtableswithin anew database.
Parameters:<databasename>
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EPCImport

Importsonefile containingamodelcatalogor specialversioncataloguesinto anEPCdatabase.
Parameters:<filename><databasename>

<filename>maybefor example’epcdata/init/19980423.180730/30L.TXT.gz‘.

EPCCreateDataDesc

Thisscriptcreatesthetablewhichcontainsthedescriptionof thedata(EPCLocalDataDesc)contained
in the database.It then invokesthe Java utility paid.datamove.epc.run.EPCCreateDataDesc,which
detectswhich cataloguesarepresentin the databaseandcreatesa new EPCLocalDataDescobject
within thattable.

Parameters:<databasename>

CreateQueues

Createthetableswhichwill containthetemporaryqueueandthepublicupdatequeue.
Parameters:<databasename>

EPCImportAnalyze

This is themainscript,asit runstheEPCAnalyzertool. It createstheEPCtableswithin a temporary
databaseandimportsall cataloguescontainedin thegivendirectoryinto thatdatabase.It thenruns
theanalyzertool paid.datamove.epc.run.EPCAnalyzer, which will comparethatdatabaseagainstthe
givenreferencedatabase,generatetheEPCUpdatesreflectingthedifferencesbetweenthem,put them
into thegivenupdatequeue,andfinally applythemto thereferencedatabase.

Parameters:<catalogdirectory><referencedatabase><temp.database><updatequeuedatabase>

<catalogdirectory>maybee.g.’epcdata/updates/19980428.130109’.

7.4 SampleData and Utilities for FDOK

7.4.1 SampleData

Thefollowing sampledatacanbefoundin the’fdokdata/’subdirectory:

areacodes:list of theareacodesthatcanbefoundin theordernumberattributeof avehicledatacard.

star.pkw.code.gz: datafor thedistributioncodenamingtablesfor passengercars.

star.nfz.code.gz:datafor thedistributioncodenamingtablesfor utility vehicles.

star.saben.gz:datafor thespecialversioncodenamingtable.

pkw.gz: somevehicledatacardsfor passengercarsupdatedbetween11/04/97and11/14/97.

star.pkw.data.gz: vehicledatacardsfor passengercarsupdatedbetween14/09/98and10/20/98.

star.nfz.data.gz: vehicledatacardsfor utility vehiclesupdatedbetween14/09/98and10/20/98.
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7.4.2 Utilities

Thefollowing FDOK specificscriptscanbefoundin the’scripts/’subdirectory:

FDOKCr eate

ThisscriptcreatestheFDOK tableswithin anew database.
Parameters:<databasename>

FDOKImport

Importsonefile containingupdatedvehicledatacardsinto aFDOK database.
Parameters:<filename><databasename>

<filename>maybefor example’fdokdata/star.pkw.data.gz‘.

FDOKCr eateDataDesc

This script createsthe tablewhich containsthedescriptionof thedata(FDOKLocalDataDesc)con-
tainedin thedatabase.It theninvokestheJavautility paid.datamove.fdok.run.FDOKCreateDataDesc,
which detectswhich vehicle datacard subsets(FDOKVehicleDataCardsSubset)are presentin the
databaseandcreatesanew FDOKLocalDataDescobjectwithin thattable.

Parameters:<databasename>

CreateQueues

Createthe tableswhich will containthe temporaryqueueandthepublic updatequeue(wasalready
mentionedabove, for EPC).

Parameters:<databasename>

FDOKAnalyze

This is themainscript,asit runstheFDOKAnalyzertool, paid.datamove.fdok.run.FDOKAnalyzer.
It will comparea temporarydatabasecontainingupdatedvehicledatacardsto the given reference
database,generatetheFDOKUpdatesreflectingthedifferencesbetweenthem,put theminto thegiven
updatequeue,andfinally applytheupdatesto thereferencedatabase.

Parameters:<time><referencedatabase><temp.database><updatequeuedatabase>

<time>is theversiontimestampfor thegeneratedupdates.
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Conclusion

Theproblemof theaftersalesdatasnapshotsthatweretoo big for world-widedistribution wassuc-
cessfullysolved by the analyzertool developedwithin this thesis. The variouspossibleways of
customizingandextendingtheanalyzeralgorithmsandthegeneratedupdatesmakesit possibleto use
this tool for othertypesof aftersalesdataaswell.

Using the analyzertool is most interestingin problemdomainswherethe location of data is
changedbetweendifferentversionsof thedatabase.It maynot only beusedfor generatingupdates,
but alsofor answeringthequestion,whatreallychangedbetweentwo versionsof thesamedata.This
questioncannotalwaysbeansweredeasilyin theseproblemdomainswithoutsucha tool.

An examplefor suchaproblemdomainis theserviceinformationdatabase’WIS’. Heretheprob-
lemof matchingthedatabetweendifferentversionsis worsethanfor theElectronicPartsCatalogues.
Thismaybeaninterestingapplicationdomainfor theanalyzertool.

The updatesgeneratedby the analyzertool useJava as implementationlanguageandJDBC to
accessthedatabases.This is aplatformandvendorindependentapproach,whichenablesto replicate
updatesto all kindsof databases.It maybepossibleto extendthis approachto automaticallygener-
ateupdatesfrom transactionsmadeto a sourcedatabaseandthusimplementa truly vendorneutral
replicationmechanism.Thereareat leasttwo waysto do this: Onecouldeithergeneratetheupdates
from thetransactionlog of thedatabase,or provideanintermediateJDBCdriverwhich replicatesthe
updatestatementsmadeto a sourcedatabase.
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RelatedWork

Themajorareasof interestin thecontext of this thesiswerechangedetection,disconnectedoperation,
synchronization,andreplicationtechniques.

Local ChangeDetection

Several tools and techniquesare available for local changedetection. The approachis similar to
thatusedin this thesis.Thedifferencesbetweentwo versionsof dataaregeneratedlocally andcan
thenbe distributedto thosewho have the old versionalready, andwant to get the new onewithout
downloadingthewholenew data.

� Thereis the well-known Unix ’diff ’ command,which detectsand generatesthe differences
betweentwo text files.

� Sometoolsareavailablefor detectingthedifferencesbetweenbinaryfilesaswell, for example
xdelta[McDo], whichusesablockchecksumalgorithmbasedon rsync[TM96].

� In [CG97], techniquesarepresentedto do meaningfulchangedetectionon hierarchicalstruc-
tureddata,e.g.a document- paragraph- sentencehierarchy.

� Therearealsocomparisontechniquesavailablefor relationaldatabases.TransactionSoftware
for exampleoffersa simple’dbdiff ’ tool for their TransbaseCDdatabase[Tra98], which gen-
eratesthe differencesbetweentwo databaseversionsasa SQL script which canthenbe dis-
tributedandappliedto remotedatabases.This tool is not usablefor theMercedes-Benzafter-
salesdatabases,becauseit assumesthattheprimarykey doesnotchangebetweenreleases.

DisconnectedOperations in Distrib uted Filesystems

TheCODA filesystem[Kis96] wasdevelopedto supportdisconnectedoperation.Changesmadeon
a client while not connectedto theserver aregatheredandlaterreplayedwhencontactingtheserver
again.

Other approachesare the Ficus distributedfilesystem[GHM+90], and it’s descendant,Rumor
[RPG+96],whichdoesuser-level file anddirectorysynchronizationbasedonareconciliationmecha-
nism.
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Synchronization

Therearetoolsandtechniquesavailableto allow synchronizationof filesanddatabases.

� Rsync[TM96] usesa fastblockchecksumalgorithmto efficiently synchronizefiles (anddirec-
tories)overanetwork.

� Thesnctool [BP98]canbeusedin mobilecomputingenvironmentsto synchronizefilesystems
aftera disconnectedoperation.It usesreconciliationlike theRumorfilesystem.It is available
asa Java tool with a few nativemethods.

� The[BR97] paperpresentsseveraltechniquesto performthecomparisonof two databasecopies
thatareconnectedover a relatively slow WAN network link. Thetechniquesusechecksumsof
recordsor setsof recordsasthemeansto do thecomparison.

� JDBTools[Shaf] isaJavatoolsetwhichcanbeusedtodetectdifferencesbetweentwodatabases,
movedatabetweenthem,or synchronizethem.It cannotbeusedfor theEPCdatabasebecause
it assumesthateachrow in adatabasetableis identifiedby auniquenumber.

DatabaseReplication

Databasereplicationtechniquesfrom IBM, Oracle,Sybase,andPraxisInternationalwerepresented
in section4.3.

The groupware applicationLotus Notesoffers the featureto replicateits documentdatabase
[Moo95].

Research on Replication Algorithms

Thereis alsosomeresearchconcerningdatareplicationalgorithms(e.g. [BK97], [WJH97], [AZ93],
[WP93]), but thefocusis onconsistency, reliability, andautomaticconflict resolutiontechniques,not
onefficientuseof thenetwork.
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Appendix A

Electronic Parts Cataloguesdatabase

A.1 Tablesof StarParts Schema

The following tableshows all tablesof the StarPartsdatabaseschemausedwithin the StarNetwork
databaseStarDBalongwith theclassnameusedwithin this thesisandashortdescription.

tablename class/association cat.section description

KATALOG modelcatalog model vehicleclassesandareaacatalogis usedfor

BAUMUSTER model model nameanddescriptionof model

FGST_AGG model–model model usableaggregatemodelsfor chassismodel

AGG_FGST model–model model usablechassismodelsfor aggregatemodel

KG constructiongroup model nameof constructiongroup

BT_NAME_D imagegroup model nameof imagegroupin german

BT_NAME_E imagegroup model samein english

BT_NAME_F imagegroup model samein french

BT_NAME_S imagegroup model samein spanish

BT_NAME_P imagegroup model samein Portuguese

BT_NAME_I imagegroup model samein italian

BILDTAFEL imageidentifier model referenceto imagefile andreleasedate

MAPS imagenumber model imagenumbercontainedin animage

TPOS partrecord model useconditionsandamountsfor apart

FUSSNOTE footnote model footnotetext

FUNO_TAB tablefootnote model text of groupedfootnote

SA_VERWENDUNG cons.group–strokevers. model! strokeversionsusablew/constructiongroup

SA_BEN specialversioncatalog sp.version vehicleclasses,area,andnameof sp.version

SA_TITEL strokeversion sp.version title of strokeversion

SA_BILDTAFEL sp.vers.imageidentifier sp.version referenceto imagefile andreleasedate

SA_MAPS sp.vers.imagenumber sp.version imagenumbercontainedin animage

SA_TPOS sp.vers.partrecord sp.version useconditionsandamountsfor part

SA_FUSSNOTE sp.vers.footnote sp.version footnotetext

SA_FUNO_TAB sp.vers.tablefootnote sp.version text of groupedfootnote

SA_UBM specialversion–model sp.version modelswhichmaycontainspecialversion

BEITEXT supplementarytext suppl.text supplementarytext

CODE codetable - codetableto calculateDNF_CODEin TPOS
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A.2 Ar ea-country-codes

Theseare the codesusedfor the areacountry codecontainedin the field BER_CODEof model
catalogues(tableKATALOG) andspecialversioncatalogues(tableSA_BEN).

code description code description

A MBA N Mexico

B MBB P Indonesia

C FFB/FAP BeogradYugoslavia Q MBB-IndustrialEngines

D MB Spain R MBTC/USA

E ADE SouthAfrica S Japan

F MBNA USA U Australia

G OtomarsanTurkey W NAW Switzerland

H Iran (Civil) 1 GeneralLiterature

I MIO Iran (IranArmy) 2 Catalogue980/981

J MB Spares,SouthAfrica 3 AGGR.LIT Truck-Platform

K MBSA 5 Category-SA

L ASTAS SouthAfrica 6 SpecialliteraturenotonMF

M Nigeria 7 Specialliterature

A.3 VehicleClassCodes

Theseare the the codescontainedin the attribute SORT_KLASSE usedto specify which vehicle
classesa modelcatalog(tableKATALOG) or a specialversioncatalog(tableSA_BEN)is valid for.
Somecataloguesareusedfor morethanonevehicleclass,especiallyaggregatemodelandspecialver-
sioncatalogues.Thecolumnpositioncontainstheindex usedfor theclasstagin theSORT_KLASSE
attribute.

position tag vehicleclass

1 P Car

2 G G Wagon

3 L Light Transporter

4 T Transporter

5 F Light Truck

6 M MediumTruck

7 S Heavy Truck

8 O Bus

9 U Unimog

10 K MB-Trac

11 E IndustrialEngines
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A.4 Attrib utesin the EPC database

Thefollowing tablelist all attributescontainedin theEPCdatabaseschemaalongwith a translation
anda shortdescription.Thecolumn’key’ tells whethertheattribute is usedasa primarykey (P) or
foreignkey (F) in sometables.

attribute shortdescription usedin tables key description

ADR_ERG_TEXT suppl.text id BEITEXT,(SA_)TPOS P/F identifierfor supplementarytext

AGG_ART aggregatetype FGST_AGG - motor, transmission,axis,...

AGG_BM aggregatemodel FGST_AGG,AGG_FGST P aggregatemodelidentifierparttwo

AGG_BR aggregateline FGST_AGG,AGG_FGST P aggregatemodelidentifierpartone

ALLE_MENGEN all quantities (SA_)TPOS - quantitiesof partin models/ str. versions

ANZ_BT imagecount SA_BEN - numberof imagesfor sp.vers.catalog

AN_KZ change/new flag (SA_)TPOS - partrecordwaschangedor is new

ART modeltype BAUMUSTER - aggregateor chassis

ART typeflag TPOS - flag: componentfieldsKP_...filled in

BEN_X name KG - nameof constructiongroup

BER_CODE areacode KATALOG,SA_BEN - areaor countrycatalogis usedfor

BESCHR_X description BAUMUSTER - modeldescriptions

BILDTAFEL_NAME imagename SA_BILDTAFEL - nameof specialversionimage

BILD_NR imagenumber (SA_)MAPS,(SA_)TPOS P/F imagenumberof partshown

BLOCK_ZAEHLER blockcounter (SA_)FUNO_TAB P usedto groupfootnotesto block=table

BLOCK_ZEILE block line no. (SA_)FUNO_TAB P line numberwithin block (redundant)

BM modelline BAUMUSTER P modelidentifierparttwo

BR model BAUMUSTER,SA_UBM P modelidentifierpartone

BR_KATEGORIE category KATALOG - constant’BR-Kategorie’ (unused)

BT_ANZ imagecount KG - numberof imagesperconstructiongroup

BT_IDENT imageidentifier BILDTAFEL,MAPS P uniqueimageidentifier, partof filename

BT_KENN_ZIFFER imageflag SA_BEN - show imagesbeforeor betweenparts?

BT_NAME imagegrouptitle BT_NAME_X - title of imagegroup

BT_NR imagefile no. BILDTAFEL,(SA_)TPOS - temporaryuseduntil imagegroupknown

CODE_BDG conditioncode TPOS,SA_BEN - conditioncodesfor usage

DATUM date BEITEXT - julian date(YYYYDDD)

DATUM date (SA_)BILD.,(SA_)MAPS - releasedateof illustration

DNF_CODE code TPOS - experimentaleffectivecoderepresentation

EINRUECKZAHL indentation (SA_)TPOS - show text indented

ENTF_TNR removepartno. SA_TPOS - partnumberfrom modelcatalogreplaced

ERG_TEXT_X suppl.text BEITEXT - supplementarytext

ERSETZT_KZ replaceflag (SA_)TPOS - partnumberof partrecordwasreplaced

FGST_BEZ chassisname AGG_FGST - nameof chassis

FGST_BM chassismodel FGST_AGG,AGG_FGST P chassismodelidentifierparttwo

FGST_BR chassisline FGST_AGG,AGG_FGST P chassismodelidentifierpartone

FLAG imageflag KG - show imagesbeforeor betweenparts?

FN[1-6] footnote (SA_)TPOS,SA_TITEL F referenceto footnotenumberFN_NR

FN_ART footnotetype all footnote - ’9’, ’X’, or ’Y’ (from conversion)

FN_FOLGE fn. sequence all footnoe P footnoteline identifierpartone
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attribute shortdescription usedin tables key description

FN_NR footnotenumber all footnote P footnotenumberreferenced

FN_SPRACHE fn. language all footnote P languageof footnoteline

FN_TEXT footnotetext all footnote - oneline of footnotetext

FN_ZEILE footnoteline all footnote P footnoteline identifierparttwo

FOLGE sequence BAUMUSTER - redundantline identifier

H_BEN_X mainname (SA_)TPOS - mainnameof part

INTERV interval SA_TPOS P strokeversioninterval of partrecord

KAT_NR catalogid all model P modelcatalogidentifier(3 character)

KG construct.group mostmodel P constructiongroupidentifier(2 digit)

KP_AUSF[1-5]_ALL strokeversions TPOS - up to 9 strokeversionspercomponent

KP_RUMPF[1-5] components TPOS - componentfor partrecord

LENK_LL left handdrive SA_TPOS - partis for left handdrive

LENK_LR right handdrive SA_TPOS - partis for right handdrive

LFD_NR runningnumber (SA_)TPOS P runningnumberof partrecord

LG_LA left/automatic TPOS - valid for left handdrive,automatictrans.

LG_LM left/manual TPOS - valid for left handdrive,manualtrans.

LG_RA right/automatic TPOS - valid for right handdrive,automatictrans.

LG_RM right/manual TPOS - valid for right handdrive,manualtrans.

NAME sp.vers.name SA_BEN - nameof specialversion

NAME_X strokevers.name SA_TITEL - nameof strokeversion

POS_NR positionindex BAUMUSTER P index of modelin TPOS.ALLE_MENGEN

PREFIX imageprefix BILDTAFEL,MAPS - prefixof imagefilename

REP_TNR_ALL replaceparts (SA_)TPOS - partnumber(s)thatreplacepart

RUMPF mainnumber all sp.vers. P six digit specialversionmainnumber

SORT_KLASSE vehicleclasstags KATALOG,SA_BEN - vehicleclassescatalogis valid for

SPRACHE language SA_BEN P languageof NAME column

SPR_NEUTR_TXT lang.neutr. text (SA_)TPOS - languageneutraltext in partrecord

STRICH_AUSF strokeversion mostsp.vers. P 2 digit strokeversionidentifier

TNR partnumber (SA_)TPOS - partnumberrecorddescribes

TU imagegroup somemodel P/F 3 digit imagegroupidentifer

UBM sub-models SA_UBM - strokeversionusablewith thesemodels

VERK_BEZ modelname BAUMUSTER - shortmodelname

V_SA_ALL connectsp.vers. SA_TITEL - connectedspecialversions

WW_KZ interchangeable (SA_)TPOS - partis interchangeablewith otherparts

WW_TNR_ALL otherparts (SA_)TPOS - partis interchangeablewith theseparts
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A.5 SQL SchemaDefinition

Theseare the suppliedSQL table definitionsof
the StarParts(EPC)databasefor DB2. The ger-
mancommentshave beenremoved.

create table parts.katalog (
kat_nr CHAR(3) NOT NULL,
sort_klasse CHAR(15),
ber_code CHAR(1),
br_kategorie VARCHAR(25),

PRIMARY KEY (
kat_nr)

)
IN PARTS;

create table parts.baumuster (
kat_nr CHAR(3) NOT NULL,
br CHAR(3) NOT NULL,
bm CHAR(3) NOT NULL,
pos_nr SMALLINT NOT NULL,
art CHAR(1),
zeile CHAR(2) NOT NULL,
folge CHAR(1),
verk_bez VARCHAR(50),
beschr_d VARCHAR(80),
beschr_e VARCHAR(80),
beschr_f VARCHAR(80),
beschr_s VARCHAR(80),
beschr_p VARCHAR(80),
beschr_i VARCHAR(80),

PRIMARY KEY (
br, bm, kat_nr, pos_nr, zeile)

)
IN PARTS;

create table parts.fgst_agg (
kat_nr CHAR(3) NOT NULL,
fgst_br CHAR(3) NOT NULL,
fgst_bm CHAR(3) NOT NULL,
agg_art CHAR(2),
agg_br CHAR(3) NOT NULL,
agg_bm CHAR(3) NOT NULL,

PRIMARY KEY (
kat_nr, fgst_br, fgst_bm, agg_br, agg_bm)

)
IN PARTS;

create table parts.agg_fgst (
kat_nr CHAR(3) NOT NULL,
agg_br CHAR(3) NOT NULL,
agg_bm CHAR(3) NOT NULL,
fgst_br CHAR(3) NOT NULL,
fgst_bm CHAR(3) NOT NULL,
fgst_bez VARCHAR(512),

PRIMARY KEY (
kat_nr, agg_br, agg_bm, fgst_br, fgst_bm)

)
IN PARTS;

create table parts.kg (
kat_nr CHAR(3) NOT NULL,
kg CHAR(2) NOT NULL,
bt_anz INTEGER,
flag CHAR,
ben_d VARCHAR(40),
ben_e VARCHAR(40),
ben_f VARCHAR(40),
ben_s VARCHAR(40),
ben_p VARCHAR(40),
ben_i VARCHAR(40),

PRIMARY KEY (
kat_nr, kg)

)
IN PARTS;

create table parts.bt_name_d (
kat_nr CHAR(3) NOT NULL,
kg CHAR(2) NOT NULL,
tu CHAR(3) NOT NULL,
bt_name VARCHAR(95) NOT NULL,

PRIMARY KEY (
kat_nr, kg, tu)

)
IN PARTS;

create table parts.bt_name_e (
kat_nr CHAR(3) NOT NULL,
kg CHAR(2) NOT NULL,
tu CHAR(3) NOT NULL,
bt_name VARCHAR(95) NOT NULL,

PRIMARY KEY (
kat_nr, kg, tu)

)
IN PARTS;

create table parts.bt_name_f (
kat_nr CHAR(3) NOT NULL,
kg CHAR(2) NOT NULL,
tu CHAR(3) NOT NULL,
bt_name VARCHAR(95) NOT NULL,

PRIMARY KEY (
kat_nr, kg, tu)

)
IN PARTS;

create table parts.bt_name_s (
kat_nr CHAR(3) NOT NULL,
kg CHAR(2) NOT NULL,
tu CHAR(3) NOT NULL,
bt_name VARCHAR(95) NOT NULL,

PRIMARY KEY (
kat_nr, kg, tu)

)
IN PARTS;

create table parts.bt_name_p (
kat_nr CHAR(3) NOT NULL,
kg CHAR(2) NOT NULL,
tu CHAR(3) NOT NULL,
bt_name VARCHAR(95) NOT NULL,

PRIMARY KEY (
kat_nr, kg, tu)

)
IN PARTS;

create table parts.bt_name_i (
kat_nr CHAR(3) NOT NULL,
kg CHAR(2) NOT NULL,
tu CHAR(3) NOT NULL,
bt_name VARCHAR(95) NOT NULL,

PRIMARY KEY (
kat_nr, kg, tu)

)
IN PARTS;

create table parts.bildtafel (
kat_nr CHAR(3) NOT NULL,
kg CHAR(2) NOT NULL,
tu CHAR(3) NOT NULL,
bt_ident CHAR(7) NOT NULL,
bt_nr CHAR(2) NOT NULL,
prefix CHAR(2) NOT NULL,
datum DATE,

PRIMARY KEY (
kat_nr, kg, tu, bt_ident)

)
IN PARTS;

create table parts.maps (
kat_nr CHAR(3) NOT NULL,
kg CHAR(2) NOT NULL,
tu CHAR(3) NOT NULL,
bt_ident CHAR(7) NOT NULL,
bild_nr CHAR(5) NOT NULL,
prefix CHAR(2),
datum DATE,

PRIMARY KEY (
kat_nr, kg, tu, bt_ident, bild_nr)

)
IN PARTS;

create table parts.tpos (
kat_nr CHAR(3) NOT NULL,
kg CHAR(2) NOT NULL,
lfd_nr INTEGER NOT NULL,
bt_nr CHAR(2) NOT NULL,
bild_nr CHAR(5),
ersetzt_kz CHAR(1),
h_ben_d VARCHAR(15),
h_ben_e VARCHAR(25),
h_ben_f VARCHAR(25),
h_ben_s VARCHAR(25),
h_ben_p VARCHAR(25),
h_ben_i VARCHAR(25),
adr_erg_text CHAR(11),
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spr_neutr_txt VARCHAR(40),
einrueckzahl CHAR(1),
ww_kz CHAR(1),
an_kz CHAR(1),
lg_lm CHAR(1),
lg_la CHAR(1),
lg_rm CHAR(1),
lg_ra CHAR(1),
fn1 SMALLINT,
fn2 SMALLINT,
fn3 SMALLINT,
fn4 SMALLINT,
fn5 SMALLINT,
fn6 SMALLINT,
tnr CHAR(19),
alle_mengen VARCHAR(66),
art CHAR(3),
kp_rumpf1 CHAR(6),
kp_ausf1_all CHAR(18),
kp_rumpf2 CHAR(6),
kp_ausf2_all CHAR(18),
kp_rumpf3 CHAR(6),
kp_ausf3_all CHAR(18),
kp_rumpf4 CHAR(6),
kp_ausf4_all CHAR(18),
kp_rumpf5 CHAR(6),
kp_ausf5_all CHAR(18),
code_bdg VARCHAR(60),
rep_tnr_all VARCHAR(604),
ww_tnr_all VARCHAR(456),
dnf_code VARCHAR(1000),
tu CHAR(3),

PRIMARY KEY (
kat_nr, kg, lfd_nr)

)
IN PARTS;

create table parts.fussnote (
kat_nr CHAR(3) NOT NULL,
kg CHAR(2) NOT NULL,
fn_nr SMALLINT NOT NULL,
fn_folge SMALLINT NOT NULL,
fn_zeile SMALLINT NOT NULL,
fn_sprache CHAR(1) NOT NULL,
fn_art CHAR(1),
fn_text VARCHAR(130),

PRIMARY KEY (
kat_nr, kg, fn_nr, fn_folge, fn_zeile, fn_sprache)

)
IN PARTS;

create table parts.funo_tab (
kat_nr CHAR(3) NOT NULL,
kg CHAR(2) NOT NULL,
block_zaehler SMALLINT NOT NULL,
block_zeile SMALLINT NOT NULL,
fn_nr SMALLINT NOT NULL,
fn_folge SMALLINT NOT NULL,
fn_zeile SMALLINT NOT NULL,
fn_sprache CHAR(1),
fn_art CHAR(1),
fn_text VARCHAR(130),

PRIMARY KEY (
kat_nr, kg, block_zaehler, block_zeile)

)
IN PARTS;

create table parts.sa_verwendung (
kat_nr CHAR(3) NOT NULL,
kg CHAR(2) NOT NULL,
rumpf CHAR(6) NOT NULL,
strich_ausf SMALLINT NOT NULL,

PRIMARY KEY (
kat_nr, kg, rumpf, strich_ausf )

)
IN PARTS;

create table parts.sa_ben (
rumpf CHAR(6) NOT NULL,
zeile SMALLINT NOT NULL,
sprache CHAR(1) NOT NULL,
anz_bt CHAR(2),
bt_kenn_ziffer CHAR(1),
ber_code CHAR(1),
sort_klasse CHAR(15),
name VARCHAR(140),
code_bdg VARCHAR(200),

PRIMARY KEY (
rumpf, zeile,sprache)

)
IN PARTS;

create table parts.sa_titel (
rumpf CHAR(6) NOT NULL,
strich_ausf SMALLINT NOT NULL,
zeile SMALLINT NOT NULL,
name_d VARCHAR(50),
name_e VARCHAR(50),
name_f VARCHAR(50),
name_s VARCHAR(50),
name_p VARCHAR(50),
name_i VARCHAR(50),
fn1 SMALLINT,
fn2 SMALLINT,
fn3 SMALLINT,
fn4 SMALLINT,
fn5 SMALLINT,
v_sa_all VARCHAR(120),

PRIMARY KEY (
rumpf, strich_ausf, zeile)

)
IN PARTS;

create table parts.sa_bildtafel(
rumpf CHAR(6) NOT NULL,
strich_ausf SMALLINT NOT NULL,
bildtafel_name CHAR(14) NOT NULL,
datum DATE,

PRIMARY KEY (
rumpf, strich_ausf, bildtafel_name)

)
IN PARTS;

create table parts.sa_maps (
rumpf CHAR(6) NOT NULL,
strich_ausf SMALLINT NOT NULL,
bild_nr CHAR(5) NOT NULL,
datum DATE,

PRIMARY KEY (
rumpf, strich_ausf, bild_nr)

)
IN PARTS;

create table parts.sa_tpos (
rumpf CHAR(6) NOT NULL,
interv SMALLINT NOT NULL,
lfd_nr INTEGER NOT NULL,
bild_nr CHAR(5),
bt_nr CHAR(2),
ersetzt_kz CHAR(1),
tnr CHAR(19),
entf_tnr CHAR(19),
h_ben_d CHAR(15),
h_ben_e CHAR(25),
h_ben_f CHAR(25),
h_ben_s CHAR(25),
h_ben_p CHAR(25),
h_ben_i CHAR(25),
adr_erg_text CHAR(11),
spr_neutr_txt VARCHAR(40),
einrueckzahl CHAR(1),
ww_kz CHAR(1),
an_kz CHAR(1),
lenk_ll CHAR(1),
lenk_lr CHAR(1),
fn1 SMALLINT,
fn2 SMALLINT,
fn3 SMALLINT,
fn4 SMALLINT,
fn5 SMALLINT,
fn6 SMALLINT,
alle_mengen VARCHAR(30),
rep_tnr_all VARCHAR(604),
ww_tnr_all VARCHAR(456),

PRIMARY KEY (
rumpf, interv, lfd_nr)

)
IN PARTS;

create table parts.sa_fussnote (
rumpf CHAR(6) NOT NULL,
fn_nr SMALLINT NOT NULL,
fn_folge SMALLINT NOT NULL,
fn_zeile SMALLINT NOT NULL,
fn_sprache CHAR(1) NOT NULL,
fn_art CHAR(1),
fn_text VARCHAR(130),

PRIMARY KEY (
rumpf, fn_nr, fn_folge, fn_zeile, fn_sprache)
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)
IN PARTS;

create table parts.sa_funo_tab (
rumpf CHAR(6) NOT NULL,
block_zaehler SMALLINT NOT NULL,
block_zeile SMALLINT NOT NULL,
fn_nr SMALLINT NOT NULL,
fn_folge SMALLINT NOT NULL,
fn_zeile SMALLINT NOT NULL,
fn_sprache CHAR(1),
fn_art CHAR(1),
fn_text VARCHAR(130),

PRIMARY KEY (
rumpf, block_zaehler, block_zeile)

)
IN PARTS;

create table parts.sa_ubm (
rumpf CHAR(6) NOT NULL,
strich_ausf SMALLINT NOT NULL,
br CHAR(3) NOT NULL,
ubm VARCHAR(480),

PRIMARY KEY (
rumpf, strich_ausf, br)

)
IN PARTS;

create table parts.beitext (
adr_erg_text CHAR(11) NOT NULL,
datum CHAR(7),
erg_text_d VARCHAR(120),
erg_text_e VARCHAR(120),
erg_text_f VARCHAR(120),
erg_text_s VARCHAR(120),
erg_text_p VARCHAR(120),
erg_text_i VARCHAR(120),

PRIMARY KEY (
adr_erg_text)

)
IN PARTS;

CREATE TABLE parts.code (
code VARCHAR(7) NOT NULL,

PRIMARY KEY (code)
)
IN PARTS;



Appendix B

FDOK database

B.1 SQL SchemaDefinition

Theseare the suppliedSQL definitionsof the StarIdent(FDOK) databasefor DB2. The german
commentshavebeenremoved.

connect to ident;

drop table ident.fdk;
create table ident.fdk (

whc CHAR(3) NOT NULL,
fin_rumpf CHAR(14) NOT NULL,
vin VARCHAR(20),
motor VARCHAR(18),
getriebe VARCHAR(18),
auftrag CHAR(10),
versorg_dat timestamp DEFAULT CURRENT TIMESTAMP,
object VARCHAR(3888) FOR BIT DATA,
-- Timestamp, an dem dieses Tupel von FDOK versorgt wurde

PRIMARY KEY (
fin_rumpf, whc)) in

IDENT;

drop table ident.fdk_sa_ben;
create table ident.fdk_sa_ben (

rumpf CHAR(6) NOT NULL,
ben_d VARCHAR(140),
ben_e VARCHAR(140),
ben_f VARCHAR(140),
ben_s VARCHAR(140),
ben_p VARCHAR(140),
ben_i VARCHAR(140),
reserve1 VARCHAR(140),
reserve2 VARCHAR(140),
sort_klasse CHAR(15),
versorg_dat timestamp DEFAULT CURRENT TIMESTAMP,
-- Timestamp, an dem dieses Tupel von FDOK versorgt wurde

PRIMARY KEY (
rumpf)) in

IDENT;
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drop table ident.fdk_code_ben_nfz;
create table ident.fdk_code_ben_nfz (

code_nr CHAR(3) NOT NULL,
sparte CHAR(1) NOT NULL,
ben_d VARCHAR(70) ,
ben_e VARCHAR(70) ,
ben_f VARCHAR(70) ,
ben_i VARCHAR(70) ,
ben_s VARCHAR(70) ,
ben_p VARCHAR(70) ,
versorg_dat timestamp DEFAULT CURRENT TIMESTAMP,
-- Timestamp, an dem dieses Tupel von FDOK versorgt wurde

PRIMARY KEY (
code_nr,sparte)) in

IDENT;

drop table ident.fdk_code_ben_pkw;
create table ident.fdk_code_ben_pkw (

code_nr CHAR(4) NOT NULL,
datum_von timestamp DEFAULT CURRENT TIMESTAMP NOT NULL,
datum_bis timestamp DEFAULT CURRENT TIMESTAMP NOT NULL,
ben_d VARCHAR(70),
ben_e VARCHAR(70),
ben_f VARCHAR(70),
ben_s VARCHAR(70),
ben_i VARCHAR(70),
versorg_dat timestamp DEFAULT CURRENT TIMESTAMP,

PRIMARY KEY (
code_nr, datum_von, datum_bis)) in

IDENT;


