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Chapter 1

Intr oduction

1.1 Motivation

Within the scopeof the PAID project,a Platform for Active InformationDisseminatiorwill be de-
veloped. This projectwas launchedby the GFS' consortium,which is a partnershipof major IT
providers, a researchgroup, and, as the major client, the DaimlerBenz usergroup. The PAID
projectis a collaborationbetweenthe TU Munich, the Carngyie Mellon University in Pittskurgh,
andMercedes-Benz.

Theframewnork developedby the PAID projectwill bea proof-of-concepprototypeof its system
architecture.Theinformationthatis handledby this prototypewill bethe Mercedes-Benaftersales
information,which arefor examplespare-partsataloguesservicedocumentsandinformationabout
individual vehicles. The aftersaleglatais currentlygeneratedndmaintainedat the Mercedes-Benz
headquarterslt shouldbe distributedto the dealersand workshopsall over the world throughan
adaptve, selectve, multicastnetwork developedwithin thatproject.

In the worst case thereare only low-bandwidthmodemlines connectingthe dealersand work-
shopgo the network. Thecentralaftersaleslatabaseurrentlycoversmorethan30 Gigabyteswhich
is too big asthat major parts could be distributed throughtheselow-bandwidthlines. Instead,if
change®occuron thatdatabasea minimal amountof datashouldbe distributed. This wasthe major
taskof thisthesis:to developedananalyzertool which generatesheseminimal incrementalipdates
which canthenbedistributedthroughthe PAID network.

1.2 The Task

As with all softwareprojects beforestartingdesigningandimplementinghe analyzeitool, the exact
requirementdiadto be found, thoughsomerequirementsvere given: the analyzertool shouldbe
extensiblefor new typesof data;it shouldbewrittenin the Jara programmindanguageandconcepts
shouldbe providedfor handlingexceptionalsituations.

As a major subtask,the processe®f authoringand distributing aftersalesnformation within
Mercedes-Benhadto be investigated. Of course the datastructuresand coherencénadto be ex-
aminedaswell, sincethey definetheinputof theanalyzetool. Thesetasksturnedoutto beverytime
consumingasthe knowledgeaboutaftersaleglataandthe associategrocessess distributedamong
the staf and departmentst Mercedes-Benanddebig. Also, therewas no documentatiorof the

1GFS= GlobalField Support
2debisis a subsidiarycompary of the DaimlerBenzgroupdeliveringIT services.
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processeanddatastructuresoundthatwassuitableto work oneselfin.

Sincethe PAID projectwasnt yet launchedwvhenthis thesiswasstarted,|t hadto befiguredout
aswell which outputthe analyzertool shouldgenerate Shouldit producesomeform of updatesn
a specializedanguage shouldit just feed changeddatainto a commercialreplicationmechanism,
shouldit justmarkwhich datahadbeenchanged,.. ?

Another questionis, why sucha tool was actually necessary Why not useone of thosemary
commerciallyavailabledatabaseeplicationtechniquesor the PAID project?

Theanswerdo thesajuestionganbefoundin thisthesisthenext sectionwill giveanoverview of
its structure . Themainfocusof this thesisis the designandimplementatiorof theanalyzeitool anda
descriptiorof theselectedftersaleslatabasesidditionally, aconcepfor distributingchangesgalled
'SmartUpdates’will beintroducedasaproposafor thePAID project.A rudimentarymplementation
of that conceptfor the selectedpartsof the aftersaleddatabasess also presentedogetherwith the
implementatiorof theanalyzettool.

1.3 Overview
Thefollowing is anoverview of the chaptersncludedin thisthesis:

Chapter 2, StarNetwork and the PAID Project describeghe currentdistribution channeldor af-
tersalesnformation, andthe problemswith thosewhich led to the developmentof StarNet-
work. It furtherexplainswhich improvementsarehopedto be broughtto StarNetvork by the
PAID project. It alsotells which particularpartsof the aftersalesnformationwereselectedas
referencalatabasefor the project.

Chapter 3, Origination of aftersalesdata describeghe authoringsystemdor the aftersalesnfor-
mation usedwithin the MercedesBenheadquarterslt alsoexplainshow the datamalesits
way into the centralStarNetvork database.

Chapter 4, Datamovementswithin the PAID Network introducesmy conceptfor distribution of
changescalled 'Smart Updates’. First, somerequirementdor datareplicationsystemsare
elaborated.Thenthe major databaseeplicationtechniquesavailable are presentedandit is
explainedwhy thosedo not fulfill the requirementsAfter that, it is shavn how the proposed
conceptmeetsthe requirements.The rudimentaryimplementationof this conceptproduced
within the scopeof this thesisis presentedt the endof thatchapter

Chapter 5, The AftersalesData describeghe aftersaleslatastructuresof the selectecpartsof the
databasén all detail. It alsoshavs how the datais corvertedto the new formatusedby the
StarNetvork applicationslt is explainedhow the datacanbe subdvidedandcustomizedo the
needf theindividualenduseaswell.

Chapter 6, Analyzer Designand Implementation describeghe architectureof the analyzertool.
Also, the updatedor the individual partsof the aftersaleslatabas@ndtheir generatioris de-
scribedin detailwithin thatchapter

Chapter 7, Installation and Usage explainshow thedevelopedoolsareusedogethemwith thesam-
ple dataprovided.



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 improvementsare hopedto be broughtto StarNetwork
by the PAID project.

2.1 As-isSituation

Within Mercedes-Benzaftersalesnformationis createdand distributed by differentdepartments.
Themajorinformationsourcedodayareservice parts,andvehicledocumentationDependingpnthe
type of informationthe compaly utilizesa variety of differentdistribution channeldor aftersalesn-
formation. Table2.1shovs the mainaftersalesnformationtypes therespectre enduserapplications
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: Currentdistribution channeldor aftersalesnformation

Thesedistribution channelsare typically very reliable but also very slow and inefficient. For
instancethe distribution of service parts,andvehicleinformationto the worldwide Mercedes-Benz
salesorganizationis donevia a monthly publishedsetof 15 CD-ROMSs. This informationis already
partially outdatedvhenit getsto thedealer

Todayandin the nearfuture Mercedes-Benis extendingits businessn termsof new product
lines (A-Class,M-Class,etc.) andnenv modelsof alreadyexisting productlines (S-Classgtc.). The
amountof aftersalesnformationis increasingdueto the introductionof thesenew products. With
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the introductionof new aftersalesnformation systemsadditionalinformationdistribution channels
arecreatedwhich finally leadto a proliferationof informationdistribution channels All this makes
theinformationmanagemenprocesgcreation publishing,distribution, etc.) from a technologyand
managementoint of view morecomplec andexpensve.

Todays informationdistribution channelsaretoo slow andinflexible to meetthesedemanding
businessequirements.

2.2 StarNetwork

Mercedes-Benis currentlydevelopingthe StarNetvork applicationframevork. Thiswill beacom-
monframework for the varioustypesof aftersalespplicationanentionedn thelastchapter

It is designedasa client-sener application,usingJava asthe implementatioanguagefor both
the clientandthe sener. The client part, which runswithin aninternetbrowser accessesneof the
senersremotelyvia the Mercedes-Benintranet,extranet,or via theinternet.

The databasestoring the aftersalesnformation are only accessibldo the seners. Theseare
locatedat the DaimlerBenzheadquarterandat the so-calledMLCs, which provide the senersfor
majordistribution areas An examplefor thisis MBNA, Mercedes-Benklorth America.

As will be shawvn in the next section(3.1), incrementalupdatesto the aftersalesdataare not
availablefor all aftersalesnformationtypes.Instead datais updatediusingsnapshotsBecausef the
sizeof thesesnapshotsa very highbandwidthsatellitebroadcaswill beusedto distributetheupdated
datafrom theheadquarters the MLCs.

2.3 The PAID Project

The StarNetvork solvesthe problemsof outdatedaftersalesnformationandthe proliferationof dis-
tribution channelgnentionedn section2.1. But a pureonline solutionintroducesnew problems:he
network andthe senersareperformancdottlenecksandmay suffer from outagesaswell.

ThePAID projectwill provide aninformationdistribution platformwhichwill enableghebranches
to uselocal databasefor the StarNetvork applicationsadditionallyto the online access.The most
usedinformationis distributedto the world-wide salesorganizationusingthe PAID platform. The
combinatiorof onlineandlocalacces®ffersthebesttradeof betweerup-to-datecontentandreliable
andfastaccess.

2.4 SelectedAftersalesInformation Types

ThePAID prototypewill focusonasubsebf theapplicationgunningunderStarNetvork. Theappli-
cationswhich arecurrentlyimplementedn the StarNetvork frameawvork are StarRirtsand Starldent.
Theformerprovidesinformationaboutspareparts,andwill replacethelegacy EPC(ElectronicParts
Cataloguesapplication.Thelatteris areplacementor the FDOK application which providesinfor-
mationaboutindividual vehicles.

Thesawo applicationgogethemith therespectie aftersaleslatabaseareusedfor the PAID pro-
totype,andthereforealsofor the analyzertool developedwithin this thesis. The taskof theanalyzer
tool will beto generateminimal updatesvhenchangego thesetwo aftersaleslatabasearemade.



Chapter 3

Origination of AftersalesData

This chapterdescribeghe flow of information for the selectedoarts of the aftersalesdatabase.
It explainswherethe datausedwithin PAID and StarNetwork comesfr om and why the analyzer
tool is necessary

3.1 Electronic Parts Catalogues(EPC)

As alreadymentionedin the last chaptey the electronicpartscataloguegontaininformationabout
which partsarebuilt into the mary vehiclevariants. Thesesparepartsdatabasearebuilt up asearly
asduring vehicle construction.Chapters containsa detaileddescriptionof the datastructuresused
for storingthe catalogues.

Today threedifferentauthoringsystemdor this sparepartsinformationcoexist within MB:

e ELDAS, whichis now alegacy system
e DIALOG, thenew systemfor cars

e TINA, thenew systenfor utility vehicles

Along with theintroductionof new authoringsystemstherewerealsochangesn theway a vehicle
wasmodeledandthe sparepartswereorganized.

It is plannedthatall informationfrom theseauthoringsystemsandothertypesof aftersalesn-
formation not mentionedhere, are collectedat a centraldatabasecalled the MercedesAftersales
Databas€éMAD). Thisis doneto avoid the proliferationof interfaceshetweerthe differentauthoring
anddistribution systemsSee[MAD98] for detailsonthis.

Figure3.lillustrateghecurrentsituationfor generatingnddistributingaftersalesiataatMercedes-
Benz,with focusonthe sparepartsdata.

ELDAS

This is the oldestauthoringsystemwhich wasinitially designedo producemicrofiches.It’s under
lying databasés a very old Adabasdatabassystem.

Thedatageneratedvith this systemhasa semiformalcharacterOften, rulesandconnectionsare
describedvith naturaltext only. Becauseof that, this softwarewascharacterizeésa 'betterword-
processingoftware’. Automaticprocessingf this textual datacanbe very difficult at someplaces,
includingconsisteng checks.
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Figure3.1: Sparepartsinformationauthoringanddistribution within Mercedes-Benz

Thepartscataloguegieneratedby this systemaredividedup into thosefor ‘'models’ andthosefor
'specialversions’. A specialversioncatalogcontainsonly the differencego the modelit wasbuilt
into, whichis calledthe’positive-negative’ documentatiomethod.This is becausea specialversion
catalogcontainsnot only the partsusedfor the specialversioncomponentge.g. anair conditioning
system,but also namesthe partsfrom the model catalogwhich are not used(’negative’) wheneer
thatspecialversionis used.

This authoringsystenmalkesuseof a’functional decompositionbf avehicle. The partsbuilt into
a vehiclearedivided up into 'constructiongroups’. Functionaldecompositiormeansthat partsare
groupediogetherby their function, not by their physicallocation. Exampledor constructiorgroups
includeelectricalwiring, brakingsystemwheels,doors,. ... This decompositions not very useful
whenusedwithin animagebasedartidentificationprocessPartswhich arebuilt togethemwill appear
ondifferentillustrations,e.g.onewill find thebralkeson adifferentpicturethanthefront axle’s parts
they aremountedon.

The Electronic Parts Catalogueswvhich are currently distributed on CD and Microfiche to the
branchesareproducedrom the export formatgeneratedby this system.Thatexport formatis called
the’interfaceELDAS to EPC’, andis describedn all detailsin [ELD97]. Also, thedatabasschema
usedwithin the STARNETWORK database&starDBis entirely baseduponthat export format. See
5.2.8for detailson how the StarDBrelationaldatabasschemads generatedrom this export format.
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As | heardrecently it is plannedto put the sparepartsdatacomingfrom Chrysler a new partnerof
DaimlerBenz,into this databasschemaaswell.

DIALOG

Thisis the new systemusedfor creatingpartsinformationfor passengetars. It is currentlyusedfor
the nav A-Class,andprobablyfor the next generatiorof carsunderconstructiorwhile I'm writing
this. The paradigmusedfor documentingvehicleswaschangedjuite alot. The nev methodused
is calledBCT. Thisis an abbreiation of 'Baureihe-Code-&il’, which meangranslatedmodel line
- code- part’. Theclassificationinto vehiclemodelshasbeendropped.Eachpartis assignedome
codeswhich specifyunderwhich conditionsa partwashbuilt into a vehicle. A caris seenasa com-
positionof componentaindsubcomponentsl he groupingof componentss basedon their physical
location,asopposedo thefunctionaldecompositiorinto constructiorgroupsusedby ELDAS.

To make this new schemecompatiblewith the EPCsystemthereis away to simulatethe division
into modelsby usingsomecombination®f five codes Amongthesearee.g.thecodedor theengine
anda codedescribingvhetherthe steerings ontheleft or right side.

Thedistinctionbetweermodelsandspecialversionshasbeendroppedaswell. A caris just built
up usingalternatve componentsSo, this new methodis a pure’positive’ documentationin contrast
to the’positive-negative’ documentatiomsedby thelegacy ELDAS authoringsystem.

TINA

Thiswill bethe new systemusedfor utility vehicles,e.qg. trucks. It usesyet anotherdocumentation
methodcalledBCS+whichis anabbreiationfor '‘Baureihe-Code-Stlcklistefranslated!modelline
- code- partlist’. Similarto DIALOG, no modelclassificatioris donearymore.But insteadof using
codedor eachpart,acodeis usedfor selectingalist of parts.This producegewer codeghathave to
beevaluatedput alsosomeredundang assomepartsmaybefoundin morethanonelist.

RGBG

The imagesfor the parts cataloguesare currently originating in a separatesystemcalled RGBG

(RechnergsttitzteBildgestaltung- computeraidedimage design),which is locatedin a different
departmenaswell. Thereis asynchronizatiomapbetweerthetextual datacomingfrom the ELDAS

authoringsystemand theseimages,asit is not always determinablewhich illustration setrelease
belonggto which catalogrelease.

Anotherproblemis thatimagesarenotunderanexplicit versioncontrol. Differentpartcatalogues
mightimplicitly referto differentversionsof thesamemage.This getsevenworseastheold version
of the imageis simply overwritten. Someof the imagesreferredto by older cataloguesare only
availablebecaus¢hey werearchivedby the externaldistributor Bell&Howell.

Sometimesgcoordinationof imagereleasess donevia telephone considerthe example of an
engineexallingthedistributor: “Forgettheillustrationyou gotlastweek,it containssomeerrors,use
the previousversionfor distribution”.

The imagescomingfrom RGBG are’tiff’ imageswhich do not containary informationabout
which partsare shovn on the image,and wherethe partsare locatedon the image. So an OCR
softwareis usedto recognizethe partimagesandimagenumberdoundon a picture. Sincethe OCR
softwarerecognize®nly 95%o0f theimagescorrectly aspeciakditingsoftwarewasdevelopedwhich
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allows afastmanualcorrectionof errors.Becauseghereareabout100,000magesmanualcorrection
is achallengingask.

Dataflow and distrib ution

DaimlerBenzengagedanexternalcompary, Bell&Howell, for thedistribution of aftersalesnforma-
tion to the branchesNowadaysijt turnedout thatthe whole knowledgeof processinghat dataand
eventhe quality assuranc@rovisionshave beenoutsourcedo thatcompar. As alreadymentioned
earlier the ElectronicPartsCatalogueglistributedon CD arebasednthelegacy ELDAS exportfor-
mat. Currently 99% of the partsdataweregeneratedvith the ELDAS authoringsystem.This might
reduceto maybeabout95%in thenext few yearsut it will continuebeingthemajorbulk of datafor
sometime. To avoid generatinggvenmorecostswithin B&H for processingnddistributing the parts
information,it is plannedo convertthenew datacomingfrom DIALOG andTINA backto thelegacy
formatdefinedby the ELDAS to EPCinterfacedescriptionfELD97]. Evenworse,the new vehicle
linesmustbedocumenteaurrentlywith ELDAS in parallel.

The MercedesAftersalesDatabaseMAD was introducedamongmary otherreasongo solve
theseproblems. The databasawill 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 aftersalesnformationtogetherin one consistent
model.Also, incrementalipdateswill be supportecat sometime. Anotherobjective wasto bring the
knowledgeof processinginddistributing aftersalesnformationbackto Mercedes-BenaNell, seems
like'insourcing’ will eventuallybecomdomorrov’'s vogueword...

Anotherproblemis the mediumusedfor distribution of datato the branchesindthe systemused
there.ThereareCD exchangerénstalledatthedealers siteswhich canhandleupto sevenCD-ROMSs.
Thesearesharedamongthe partscataloguesndthe vehicledatadescribedn the next section.But,
of course theseseren CDsdon't suffice anymoreto hold all the data. As Mercedegecentlytried to
remove databelongingto someof thevery old vehiclemodelsin orderto gain disk spacethey faced
massve resistancérom their dealers|t turnedout thatthe workshopsstill malke a lot of money with
thosealmost-oldtimers.

Currently the partsdatausedby StarNetvork is not taken directly from the ELDAS authoring
system,but asmonthly snapshot$rom the distributor Bell&Howell. Onereasonfor thisis thatthe
ELDAS systemis underload doing its daily work, which is for examplethe export of changedtat-
alogues.Trying to export a major bunchof cataloguesdditionallymakesthe systemcrash. Sothe
exportedchangecdtataloguesiregatheredsinceFebruary1998,but mostof the seldomrevisedolder
catalogueslid not cameout of this systemyet.

IncrementalUpdates?

Smallincrementalupdatego partscataloguesre not supported.The ELDAS interfacedescription
mentionsan incrementcontainingonly the changedconstructiongroups. But thatwould give rather
big incrementsup to 100 KB compressedor eachconstructiongroup wherea changeoccurred.
Theseincrementsarecurrentlygeneratedrery seldommostlyto do someerrorfixing aftera catalog
wasreleased Onemusttake into accountaswell, thatthe biggera catalogor constructiorgroupis,
themoreoftenit will bechanged!
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For partrecordsthereis atagassignedor markingthemaschangecr new. But asl discovered,
thattagis not consistentlyused,andcanonly be usedashint.

ConsequenceThe Analyzer Tool

Sinceit is a constrainfor the PAID projectthatthe authoringsystemsarenot touched the only way
to getsmallincrementss to regeneratehemfrom thesnapshotsThisis achieredby theanalyzeitool
developedwithin the scopeof this thesis.

The main problemin generatinga smallerincrementbetweentwo cataloguess, thatthe items
containedn the cataloguedave no absoluteidentity. Therefore,it is a non-trivial taskto find the
entriesin the old versioncorrespondingo that containedin the nen version. This will getworse
whentheplannedcorversionof the datacomingfrom the new authoringsystemss complete asthen
theidentity for theitemsis newly assignedor eachsnapshotSomeheuristicswill have to beusedto
guesswhich itemsin the new snapshotorrespondo thatcontainedn thelast. The examplesfound
in section5.2.11will illustratethe problem.

3.2 VehicleData - FDOK

Thevehicledatabas&DOK containsnformationaboutevery vehiclebuilt since1986.Thedatabase
is a legacy IMS/DB hierarchicaldatabase.The vehicle datacardsstoredthereare mainly usedto
determinethe right sparepartsfor a vehicle. The vehicle datacardscontaininformationaboutthe
componentsvhichwerebuilt into a car, for examplewhich engine tfransmissionandspecialversions
wereused.A detaileddescriptionaboutthe datacontainecherecanbefoundin section5.3.

Historically, suchinformationwas availableto the dealersand mechanicsn printedform only,
andwasplacedsomeavhereinto the car Today vehicledatais availableelectronicallyandis fed daily
from thefactoriesnto a centraldatabase.

Figure3.2 shavs thedataflav to andfrom the FDOK database.

Brancheswvhich have 3270terminalsinstalledcandirectly accesshe centralFDOK hostsystem.
Not all terminalshave read-writeaccess. Certainfields in the datacards,e.g. the lock and key
numbers areread-protecte@swell, for obvious reasons.The vehicleinformationis distributedto
the branche®n variousmedia,including the CDs which are sharedwith the EPCdata,microfiche,
andeven paper In somecountriesthereis a local mirror databasenstalled. The datais alsofed
incrementallyinto the StarNetvork databasé&tarDB.

Whenstoringall vehiclesproducedsincel986,StarDBwould currentlyhave anestimatedsizeof
21 GB. | foundawayto reducethisto aboutl3 GB, which| will presenin section5.3.3.

Feedbackand Data Consistency

Sincethe vehicledatacardsshouldreflectthe currentconfigurationof a vehicle,they shouldbe up-
datedwheneer relevant modificationsaremadeto the vehicle. The currentlyonly way to do this is
via 3270terminal accesswhena workshophasthe necessargquipmentand network connection.
Eventhenit is not guaranteedhatthe vehicledatacardswill be updated.It is estimatedhatabout
1/3 of thevehicledatacardsarein someway inconsistent.

For utility vehiclesequippedby an externalvendor this is even worse,asthe vehicle datacard
may be alreadyoutdatedvhenthevehicleis sold.

It is wishedthatthe consisteng of thedatawith theactualconfiguratiorof thecaris improved. It
is plannedthatmaybeanautomatideedbackrom a diagnosissystento FDOK is realized.
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Figure3.2: Dataflav to andfrom FDOK database

Thereis a scrapmark containedn the vehicle datacardsin the FDOK databaseBut this scrap
mark is seldomused,an examplefor this might be a total damageof a vehicle. Sincethereis no
automaticfeedbackwhena vehicleis put out of duty, this databasevill continuegrowing by about
1 million passengecarsand300.000utility vehiclesperyear, aslong asMercedes-Benzontinues
producingvehiclesin theseamounts.

If avehicledatacardis notavailable,identifying the configuratiorof a passengetarmanuallyis
possiblefor utility vehiclesthisis generallyimpossible A vehicledatacardfor a utility vehiclemay
containinformationaboutmorethan 1000differentspecialversioncomponentsvith their respectre
usagecount.

Puttingthe vehicledatacardinto the vehiclein electronicform seemdo be not a goodsolution

for distribution. Theconfiguratiorof avehicleoftenneeddo bedeterminedvhenthevehicleitself is
notavailable.



Chapter 4

Datamovementswithin the PAID
Network

In this chaptell first describesomespecificrequirement$or a datamanagemergubsystenof PAID.
In this context, someof the currentlyavailablerelationaldatabaseeplicationtechniquesare exam-
ined. Why did | review thesereplicationsystemswithin this thesis? The reasonis thatif one of
thereplicationtechniquesvould meetall essentiatequirementsthe analyzertool would only need
to apply the generatedupdateson the databasewherethe replicationsystemwould take over and
distributethem. It will be shawvn thattherequirementarebettermatchedy analternatve approach,
which | call'SmartUpdates’.This chaptergivesthe answerto the questiorwhatoutputthe analyzer
tool generatesndwhy.

4.1 Model of Dataflow within PAID Network

Figure 4.1 shavs a model of the PAID network, which is a datadistribution tree. As this thesis
focusse®n the dataflow andstoragethe nodesareshavn asdatabasécons. Notethatnotall of the
datais currentlystoredwithin a databasee.g. theimagesfor partscataloguesnentionedn thelast
chapterarestoredwithin afilesystem.

At the top of the datadistribution treeis the centralStarNetvork databasé&tarDBwhich holds
all of thedata.Updategespectiely transactiongriginatingtherearedistributeddown thetreeto the
lowestlevel, which might be a databasevithin a branch,or even a laptop holding a smallersubset
of the databaseDaimlerBenzmaintainsdatabassenersat anintermediatdevel called’'MLC’ for
countriesor regions.An examplefor thatis MBNA, Mercedes-Benklorth America.

The heightof the datadistribution treeis not fixed, asonline accesseare madedirectly to the
centraldatabaseand, aswell, even a laptop could principally sene asa sourcenodewhich could
transferupdatedo e.g.anothedaptop.| usethenamessourcenodeandtargetnodehereasrolenames
for network nodes. As shavn on the diagram,a network nodeon the intermediatdevel canactas
bothtargetandsource dependingvhetherit is seerfrom thetop or bottomof thetree,respectiely.

With PAID enabledStarNetvork, anusermayaccessocal andremotedatasimultaneouslySim-
plified, wheneer datais not availablelocally, it is accessedn the remotedatabaseThe benefitof
thisis thatonly the mostusedandcritical datahasto beinstalledlocally. As alreadymentionedit is
not within the scopeof this thesisto describeall plannedfunctionality of or all requirementdor the
PAID project.

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

14



CHAPTER4. DATAMOVEMENTSWITHIN THE PAID NETWORK 15

Sourct

J> remote
/ S
I

Inkremental Central "Server’
Updates StarDB databases

target

"Client’
databases

With PAID, both
local and remote data
can be accessed.

Figure4.1: Model of PAID network

whichareableto transferbetweerl-8 KB persecond.Thesizesof thedatabaseareaboutl0-30GB,
whichis notto beseemasalimit. Thetotal numberof network nodess estimatedo about6000.
Usingthe samedatabaséor all nodeswithin the PAID network seemgo beimpossiblesincethe
databaseystemsausedfor the centralStarDBandthe MLCs have differentrequirementshanthose
installede.g.onalaptop. Theformerare’sener’ databaseshichmustbeableto handlethehighload
of queriesfrom usersaccessindghe databasenline. As opposedo that, the 'client’ databasessed
at smallerbranchesr on laptopsmustneedzeroadministrationsincea dealeror workshopusually
doesnt pay a databasedministrator A databaseénstalledon a laptopmustalsohave a very small
memoryfootprint. It is aconstrainfrom DaimlerBenzthatOracleis usedfor the sener databases.

4.2 Requirementsfor Data MovementTechniques

Beforelookinginto the databaseeplicationtechniqueswvailablefrom majorrelationaldatabaseen-
dors, | will list someof the specificrequirementdor their usagewithin the PAID network. Most
of therequirementiave a generalnature,somearespecificfor relationaldatabaseeplication. The
requirementarecatayorizedinto essentialnon-essentialnd’nice-to-have’ requirements.
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4.2.1 EssentialRequirements

The following arerequirementsvhich | considerto be mandatoryfor a datamovementsubsystem
usedfor the PAID network. The datamovementsubsystenis responsiblemongotherthingsfor the
distribution of incrementalipdates.

No full refresh Thereplicationsubsystenmustnever requireor automaticallyinitiate a full refresh,
which means]oadingthe whole dataover the network. Transferring20 GB overanISDN line
would take asa minimumawhole month,without consideringary overhead.

Two casesnustbe consideredinderthis constraint:First, it mustbe possibleto setupreplica-
tion to adatabaseavhichwasalreadyinitializede.g.from CD. Secondgvenin caseof afailure,
initiating a full refreshis notanoption.

Support for disconnectedoperation It mustbe possiblefor a nodeto be offline for e.g. 2 month,
and,afterthatperiod,receive the necessarypdatego bring its local dataup to date.

Support for messagdasedoperation This meansthatonecane.g. usea messagingniddleware,
Email, or simply files asa transporimediumfor replication. Thealternatve is thatthereplica-
tion systemalwaysrequiresa direct TCP/IPconnectiorbetweersourceandtarget.

Supportfor messag®asedoperationis necessarjor two reasonsThefirst is the topologyof
the DaimlerBenz corporatenetwork, wheremultiple and independentlyconfiguredfirewalls
male it difficult to impossibleto useuncommoninternetprotocolsandports. Secondnot all
branchesndnodesarenecessarilyaccessibleia a TCP/IPnetwork.

Supportfor messagbaseperationis anecessarpreconditiorfor broad-andmulticastingas
well: You canbroadcasa messagejut nota point-to-pointprotocol.

Support for compression As experiencehas shavn, compressiorreducesthe size of updatesto
about3-5%,which malesit atall possibleto replicateoveramodemline in areasonabléme !
Notethatthis is a requiremenfor the underlyingtransportmechanismnot for the replication
system At leastaslong asthelatterdoesnt requireusingits own transporimechanism.

Dynamic data partitioning Replicatingio atargetnodewhichhasonly asubsetf thesourcenodes
datamustbe supported.The PAID network learnsaboutwhatdatahasto be storedon a node,
sothis subsemustbe changeablelynamically

Zero administration Sincea dealerselling carsnormally doesnot have ary educationasdatabase
replicationadministratorit mustbe possibleto executeall necessargetupandrecovery steps
automatically

Vendor independentreplication Thedatabasegsedby PAID shouldnotbelimited to onedatabase
vendor

Support for multiple platforms SincePAID itself is platform independentthe replicationsystem
shouldnot belimited to only a specifictype of platform(e.g. only sener platforms/databases,
or limited to oneplatformvendor).

1Concretadataamountsanbefoundin the sectionslescribinghe updatego theindividual aftersaleslatacateyories.
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4.2.2 Non-EssentialRequirements

Thesearerequirementsvhich thereplicationsubsystenshouldhave, but which arenot essential.

One stablequeue Sincewe supportdisconnectedperationijt is not possibleto distributeall updates
immediatelyandthenforgetthem. So updatesnustbe storedfor sometime. Only onequeue
shouldbe usedto storeupdateswhich are not yet transmitted. The oppositeis a replication
systemwhich usesa stablequeuefor eachclient, or for eachdifferentsubsef datawhichis
replicated.

To illustratethis with a realisticexample: Considera changeamountof 50 MB perweek(un-

compressedland 500 target nodeseachholding a slightly differentsubsetwhich are off-line

for aweek.Youwould need25 GB disk spacewith areplicationsystemusingonestablequeue
persubset.

| consideredhis requiremento be non-essentiadincethatdisk spacemight be availableatthe
placewherethatexampleis realistic,e.g.atthe MLC level.

Efficient useof bandwidth Thisis especiallya requirementfor relationaldatabaseeplication: The
systenshouldnotbelimited to transmittingthewholerow from adatabas¢ablewhenachange
occurredtherein.

As shawn in section5.2.14aboutthe size of updateso the EPC databasetransmittingonly
wholerecordscanbevery inefficient.

4.2.3 Nice-to-hare Requirements

Thesearerequirementsvhich areuseful,but onecoulddo without.

Support for broad- and multicast AlthoughPAID claimsto beamulticastnetwork, | thinkit should
besuficientfor areplicationsubsystento supporfustthe hierarchicabistribution of dataona
point-to-pointbase without using’real’ multicastor broadcasbn the network layer. Point-to-
pointdistributionis, of course supportedy all replicationtechniques.

Changeablesource If the sourcenodeusednormallyis not availabledueto a sener failure or net-
work outagejt shouldbe possibleto getcurrentdataandupdatedrom anothemode.

4.3 Relational DatabaseReplication Techniques

The StarNetwork projectteamalsoreviewedthe replicationtechnologie®f threebig databaseen-
dors:Oracle,SybaseandIBM. Theresultwasthatnoneof thesereplicationtechnologiesvould sene
their businessmeedswhich wereto supportat leastthe replicationto the MLCs over the corporate
network. As alreadymentionedthe datais currentlydistributedvia satellitebroadcast.

Theinformationfoundin thesectionabouttheindividual replicationtechniquesvastakenmostly
from the meetingf the StarNetvork teamwith representatiesof thesevendors.l addedsomeinfor-
mationl foundontheinternetaswell, includingthereplicationtechniqudrom Praxisinternational.

After shortlydescribingsomeaspect®f thereviewedreplicationtechnologiesandshaving in the
summarythatneitherof themmeetsall requirementsl will presenimy conceptof 'SmartUpdates’,
which meetsall of therequirementéistedabove.
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4.3.1 AsynchronousVersusSynchronousReplication

To avoid confusion,| will describeshortly the differencesbetweenasynchronousind synchronous
replication. This is important,asthey arein mary waysthe oppositeof oneanother Whatwe are
interestedn hereis asynchronougeplication.

Synchronouseplicationexecuteschangegtransactiongo be precise)simultaneouslyn several
distributeddatabasedt thereforeoftenusesthe quite prominenttwo-phase-commiprotocolto guar
anteethatno transactioris ever loston oneof thedatabases.

Asynchronouseplication(whichis alsocalledstore-and-fonardreplication)meansthatchanges
arenot simultaneoushexecutedon the distributed databaseslnstead changesare distributedto all
databaseafter they wereappliedto atleastonedatabase.

Therefore synchronouseplication-

e increasegrobability of unavailability, becausdf one databaséas not readyto commit, the
transactiorcannotbe executedon ary other

e increasesesponséime,ase.g.two-phase-commiteedsnorethanoneround-tripbetweerthe
databases,

e malkesconflictingupdatesmpossible.
As opposedo that,asynchronouseplication-

e may increaseavailability, becausef the datais storedfully redundantijt is sufficient for one
databaséo beonlineto allow clientsto accesshedata,

e maydecreaseesponsgime, asclientscanusethefastesaccessibleatabase,

e mayintroduceproblemsdueto conflictingupdatesconsidertwo clientschangingthelogically
samefield on differentdatabasesimultaneously

More onthis topic canbefoundin [Syb984.

4.3.2 I1BM
Short Overview

IBM supportghefollowing replicationscenariogor the DB2 databaseyhich arevariationsof source
andtargetdatabaseandthe possibledirectionsof dataflav betweerthem:

1. DataDisseminationOnesource multiple read-onlytamgets.
2. DataConsolidationMultiple sourcespneconsolidatingarget.

3. Distinct fragments:Multiple sourcesandtargets,but eachsubsebf datahasa definitesource
databasewhereit canbe modifiedonly.

4. Updatearywhere: Multiple tables,eachof which canbe both sourceandtarmget of changes.
This configuratiorrequiresresolutionof conflictingupdates.
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Thesourceof replicationis specifiedn SQL, sobetweersourceandtargetthedatacanbejoined,ag-
gregated,derived... . Thisalsoimpliesthereplicationof views andcomple subset®f dataspecified
with SQL. Theinformationaboutreplicationsourcesandsubscriberss storedin somecontroltables,
which mayresideon a separateontrolsener.

Thereplicationsystemconsistf two components:

Capture, which captureghe changegtransactionsjnadeto a databaseThe changesarereadfrom
thetransactionogfile. Changegonsisiof before-andafterimagesf columns.They arestored
in theintermediatéstagingarea’.

Apply, whichreadghechanged$rom thestagingareaandappliesthemto thetarget.In full refresh’
mode the Apply progranreadghedatadirectly from thesourceiableandcopiesit to thetarget.

Whetherthis is a PUSHor PULL mechanisndependson wherethe Apply components located:
whenrunningon thetarget,it’'s PULL, whenrunningon the source,jt's PUSH.In eachcase Apply

usesadirectconnectioreitherfor gettingthe change$rom thesource pr for applyingthemto thetar-

getdatabaself the Apply programrunsin PUSHmMode,oneupdatequeuseis usedfor eachreplication
target.

IBM is offering the 'DataJoiner’which allows other vendors database$Sybase Oracle, Mi-
crosoft,...) to beusedaseithersourceor target. DataJoinemakesmultiple databasebehae asone,
andcanbe integratedinto the replicationprocess.The 'DataPropagtor NonRelational’canbe used
to includenon-relationatatabaseslThe mentionedstagingareasernesasa communicatiorplatform
for thedifferentcomponents.

More informationcanbefoundin [IBM98a].

Noteson Suitability for PAID

In caseof afailure,andon eachcold startof thereplicationsystemafull refreshis made.Also, mes-
sagebasedeplicationis not supported Sourceandtargetdatabasesf othervendors aresupported,
but asopposedo Sybases ReplicationSener, this is not a stand-aloneeplicationsystemmeantfor
replicatinge.g.from anOraclesenerto SybaseAnywhere.

4.3.3 Oracle
Short Overview

In an Oracledatabaseisedasreplicationsource changesandtransactiorare capturedwith internal
triggers. They are storedin a queueof RPC-like requestsand can later be executedon the target
databasem parallel. Correctandcompleteexecutionis guaranteedavith a two-phase-commigqui-
alentprotocol,which requiresanonline connection.

The supportedyranularityof datapartitioningdepend®n the scenariowvhich is usedfor replica-
tion:

1. MASTER-MASTER:Several equaldatabaseare connected .Updatesand conflict resolution
canoccurarywhere.

2. UPDATABLE SNAPSHOT'S: Thereis onemastersite,andseveralupdatablesnapshotsThere
is no communicatiorbetweerthe snapshotsso conflict resolutionis only requiredat the con-
solidatingmastersite. All columnsof eachtablemustbereplicatedbut rows canbeselectvely
replicated.
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3. READ-ONLY SNAPSHOTS: In this scenariothereis one masterdatabasend several read-
only mirror databasedBoth rows andcolumnscanbeselectvely replicated.

In thefirst two casesaconflictresolutionstratey is required.Suchstratgiesfor transactionsnaybe
first wins’, 'lastwins’, andsoon. Changesnay alsobe meged,whichis usefulmostlyif different
columnsareaffectedby updatego the samerow.

More informationcanbefoundin [Ora9g and[DDD+94].

Noteson Suitability for PAID

e Experiencewith Oracleshawvs thatreplicatinga 10 MB tableover anISDN line is a business
for awholeday.

Replicationadministratioris saidto bedifficult anderrorprone.

A full refreshis donein caseof failures.

Integrationof othervendors databasess not provided.

Not all datatypesusedby StarNetvork aresupportedor replication.

Note on Oracle Light

OracleLight can be usedon mobile computers,andit supportsmessagéasedreplication. This
databasaystemrequiresvery little memory The problemis thatit cant dealwith databasesf our
size.

4.3.4 Sybase

Sybasds promotingit’s conceptof opennessThis meanghat APIs to databasesenersandclients
areaccessibleo third parties. This is alsotrue for the ReplicationSener, which enablegprogram-
mersto feedthe ReplicationSener with transactiordata. Sybasesupportgeplicatingothervendors
databasesyithout requiringone of their own databaseystemsasan intermediatestage. They see
themselesasamiddlevarevendor Sybaseofferstwo differentreplicationsystemsThe Replication
SenerandthemessagbasedSQL Remotewhich s built into Sybases Adaptive Sener Anywhere.

Short Overview of Replication Sewer

The information aboutcommittedtransactionss readfrom the databasdog by the so-called’Log
TransferManager'. It is thentransformednto the'Log TransferLanguage’whichis is fed into the
ReplicationSener atthe sourcedatabaseThedatais thensentto the ReplicationSener at thetarget
databaseyhich appliesthechanges.

This systemis very flexible asyou canfeedthe ReplicationSener with transactiordatafrom ary
databassystemaslong asyou cancaptureit andtranslatet into the Log TransferLanguage.

Includingothervendors databasemito thereplicationprocesss well supportedDatafrom other
database@ncludinglegacy platformsase.g.IMS), canbereadby the ReplicationSener throughso
calledReplicationAgents,andcanbewritten to themthroughgatevays.

More detailedinformationcanbefoundin [Syb984, [Col93], [GWD94], and[Ren94.
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Noteson Suitability for PAID
o Messagédasedeplicationis notsupported.

e Specializedeplicationadministratioris required.

Short Overview of SQL Remote

The SQLRemotaeplicationsystemis integratedinto the SQL Anywheredatabassener, which can
be usedon mobile computersbecausef its small memoryusage(1MB + typically anotherlMB
cache).As opposedo OracleLight, this databaseystemis ableto handleour dataamounts.SQL
Anywhereis designednot to needary administration. SQL Remoteis a systemwhich supports
messagb®asedeplication,sochangesanbetransferredisinge.g.emailandfiles.

More informationcanbefoundin [Syb98H.

Note on Suitability for PAID

Unfortunately SQL Remoteis not available as a standalonegeplicationsystem. This is the major

reasorwhy it cannoteusedfor PAID. Adaptive Sener Anywhereclaimsto needzeroadministration.
This might betrue for the databaseystemitself, but asmentionendn [Fei97], thereplicationis not

aseasyto setup. But without the replicationfunctionality Adaptve Sener Anywheremay still be

interestingfor the branchesandmobile computerswherezeroadministratiorof the databaséself is

amusthave.

4.3.5 Praxis Inter national

Short Overview

PraxisInternationaloffers the OmniEnterprisesuite of productsfor heterogeneoudatabaseeplica-
tion. Threemajorproductsareincludedin this suite:

OmniReplicator whichreplicatedransaction$o otherdatabases.
OmniCopy whichdoessnapsholik e transferof datafrom a sourceto atargetdatabase.

OmniLoader whichextractsabulk of datainto afile which canlaterbeloadednto anotheidatabase.

Horizontal (columns)and vertical (rows) partitioning of tablesselectedor replicationis supported
by theseproducts.Also, datais automaticallyadaptedo heterogeneousmgetdatabaseandcanbe
modifiedor restructuredy rulesbetweersourceandtamgetdatabaseReplicationof changesanbe
continuousscheduledht certaintimes,or event-driven.

Thereplicationrulesaresetupusinga graphicaluserinterfacecalledOmniDirector

Note on Suitability for PAID

Theseproductscurrently supportonly 'sener’ databaseand platforms,e.g. Oracleand Sybaseon
Unix andNT, but not smallerdatabaseystemausedon ‘client’ platforms,like for exampleSybase
SQL Anywhere.
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4.3.6 Summary and Rating

The mainfocusof the mentioneddatabaseeplicationsystemss replicatingtransactionsn a secure
andreliableway. Opposedo that, PAID needsavery efficient (in termsof network bandwidth)and
flexible datadistribution system.

Whatl| wantedto have (andto put into this thesis)wasa tablelisting all essentiatequirements
andhow well they aremetby theindividual replicationsystemsBaseduponthattable,it would have
beenpossibleto give avery well foundedrecommendatiofor the PAID project. A startof this table
is 4.1,but it containgmary openquestions.

| Requirement | DB2 | Oracle| SybaseRS | SQLRemote| OmniReplicator |
No full refresh No No ? ? ?
Disconnecteaperation Yes ? ? Yes ?
Messagéased 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 'Sener’
Onestablequeue ? ? ? ? ?
Efficient useof bandwidth No No Yes(?) Yes ?

| Broadcast | No | No | No | No ‘ No (?) |

Table4.1: Requirementfor databaseeplicationsystems.

Unfortunately | didn't manageo getinformationaboutall the requirementgor eachreplication
systemto completethe table. Requestingnformationaboutthoserequirementgrom the vendors
turnedoutto besurprisinglydifficult. Sybasepreferredo notansweron my requestdor information.
It wasalsoaninterestingexperiencehatPraxisinternationajust stoppeccommunicationsis| asked
whetherafull refreshwasneedednitially andafterafailure,andif the partitionsselectedor replica-
tion couldbechangedfterreplicationwasstarted Well, | guessif thesecompaniesvould think that
their productsmeetthe requirementsthey would answerto avoid loosingthe optionon sellingabout
6000licensesf theirreplicationsystems.

Evaluatingall availablereplicationtechniquesy trying themout would go far beyond the time
frameandscopeof this thesis.At leasttheinformationl got suficesto determinehatnoneof those
replicationtechniquesneetsall essentialequirementsin the next section,| will provide a concept
which meetsall requirements.

4.4 Replication with 'Smart Updates’

Asynchronouseplicationdistributestransactiongespectiely the resultingdatabasehangesafter
they were appliedto the database.The conceptl’'m proposingfor PAID is to not usea commer
cially availabledatabaseeplicationsystentfor distributing theresultsof changeshut to distributethe
changeshemseles. Insteadof usinga distributeddatabaseystem a distributedapplicationframe-
work is created Figure4.2illustratesthe differencedetweerthetwo approaches.
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Figure4.2: Analyzertool usingeitherdatabaseeplicationor’'SmartUpdates’.

SmartUpdatesare an extensionof the 'Command’ patternfound in [GHJV94] and[Meh]. An
application(or the analyzertool) would, insteadof directly manipulatingthe local data,encapsulate
the requesto do thisis in an updatecommand.The classdiagram4.3 shavs suchan updatecom-
mand. Thedistribution of updatecommandss doneusingsomekind of messageniddlevare. This
is providedby the PAID platformwhich might useoneof the messageniddlevareproductsfor reli-
ably distributing messagethatarealreadyavailable, like e.g. MQSeries[IBM98b] from IBM. JMS
[IMS9] is anAPI recentlystandardizefor usingmessagingervicesrom Java programghatmight
beuseful.

The SmartUpdatemechanisntanbeusedeasilyfor distributing data;theanalyzetool developed
within this thesiswill generataipdatesn this way. For problemdomainswhereconflictingupdates
canoccur this getsalittle morecomplicated But the SmartUpdateapproachenablesisingsemantic
conflict resolutionmore straightforvard than on the databasdevel, whereinter-table conflicts may
be hard or impossibleto detect. Since SmartUpdatescanalso be usedon a very high abstraction
level, they provide the ability to do semanticconflict resolution.As alreadymentionedthis is a shift
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from a distributeddatabasaystento a distributedapplicationframenork. Seesectionaboutconflict
resolutionfor SmartUpdatedor someexamplesandmoredetailson thistopic.

Sincethelocal datasubsets not necessarilghe samefor all nodesthe updatesarecustomizedo
thetarget,whichis anextensionof thecommandatterndescribedn [Meh]. Thedescriptionismart’
refersto this ability of updatedo customizehemselesto the local data,andto the ability to detect
andresolhe conflictsin asemantianannemwherethis might becomenecessary

Customizatiorcanreducethe network bandwidthusedby anupdate aspartsof the updatewhich
affectdatanotpresenbnthetargetnodecanbeomitted.If computingtime onthesourcenodeis rare,
this customizatiorof updatesanalsobe doneonthetargetnodeafterthe updates receved.

Nodescanbe addeddynamicallyto the system.Sinceit shouldbe possibleto initialize thelocal
datae.g.from CD, somekind of metadatais usedto determinewhich pointin timeis reflectedby the
data.Thisinformationis thenusedto determinevhich updatesareappropriate.

An importantpropertyof SmartUpdateds the separatiorof theinterfaceseenby the middlevare
or framework transportingheseupdatesandthe applicationdomainspecificimplementatiorwhich
may include someof the businesdogic to manipulatedata. Without this separationjt would be
impossiblefor PAID to provide a reusableframavork for handlingupdates. Despitethis, a tight
coupling betweenthe semanticsof the updatesandthe distribution platform would resultin a bad
designanyway.

This concepffocusse®n thedistribution of updatesFurtherconceptsncludingthe functionality
to grow or shrink data, initialize databasesandto handlefailuresefficiently have to be developed
within thescopeof the PAID project.But mostof theimplementatiorusedfor generatingandexecut-
ing updatesanbereusedo move databetweerdatabases.

The implementatiorof this conceptusedwithin this thesisis locatedon a very low abstraction
level, sincethe updatesare generatechutomatically It usesJava asimplementationanguagethe
JDBC API to accesghe databasesand Java’s built-in serializationfacility to transferandstorethe
updateslt is describedn sectiord.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 reasorfor transferringhewhole dataover the network initially.
In caseof a failuré? occurringduring updateprocessingary appropriaterepairor synchro-
nizationstepscanbe triggered. Examplesfor thatincludea 'rsync’ [TM96] like protocolfor
efficient resynchronizatiof databasegf a network is available),or reinitializing the datato
anold versione.g.from CD, andapplyingthe necessarypdatesagain.

Support for disconnectedoperation Updatesanbe storedfor anprincipally unlimitedtime until a
nodeis online again. Sincethey canbe storedcompressecandonly onestablequeueis used
(seebelaw), only few disk spaces needed.

Support for messagdasedoperation This concepts messagdasednotprotocolbased.
Support for compression Updatescanbe compresseteforethey arestoredor transmitted.

Dynamic data partitioning Updatesarecustomizedlynamicallyto thelocaldatasubsetsothelocal
datacangrow andshrinkasPAID learnsaboutwhich datais neededocally.

Zero administration No replicationadministratioris requiredon thetargetnodes.
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Vendor independentreplication Using JDBC for accessinglatabasesgvery databasesupporting
thatcanbeaccessed.

Support for multiple platforms UsingJavaasimplementatiodanguagenakestheupdateglatform
independent.

One stablequeue Sinceupdatesare customizeddynamically eachupdateneedsto be storedonly
once. An adwancedsolutioncould alsolearnwherethe updatesnustbe storedfor how long,
giventhatatleastonenodeholdsthe updatesuntil they are(definedto be)notneededarymore.

Efficient useof bandwidth The updatecommandsare generatedo be as efficient as necessary
Sincevery comple operationsare practicablefor SmartUpdatesthereis principally no limit
for this.

Support for broad-and multicast Sinceupdatesanbe customizedn thetamgetsystemaswell as
onthesourcesystemthey canbebroad-andmulticasted.

Changeablesource Thereis no principal needto fix the sourcenodefrom which updatesarere-
ceived. If e.g. a serialnumberis usedfor updatespor information aboutthe versionof the
datathey applyto is provided, the sourcenodescanbe changedn thefly. Thisis supported
by the dependenginformationof the updates.But this featurehasto be supportecby PAID
respectiely the messageniddlevareaswell.

4.4.2 Additional Benefits

e This conceptis notlimited to relationaldatabasesModificationsto files, objectdatabaseys-
tems,etc. canbedistributedaswell. Also, a SmartUpdatecoulddo comple transformations
of databetweersourceandtarget,perhapseplicatingfrom arelationalto anobjectdatabaser
filesystem.

e SmartUpdateganay provide dependengcandpriority informationallowing a reorderingof up-
datese.qg. for distributing updateswith higherpriority first. The sampleimplementatiorpro-
videsthis dependenginformationfor updates. This informationallows to determinewhich
updatesarevalid, andwhich dependn oneanother

e Changescanbe generatean a sub-fieldlevel. This meansthatif e.g. a documents stored
in the databaseanda changethereinoccurs,this changecould be replicatedand appliedon
the remotedatabaseising SmartUpdates. This is currentlyrudimentarilysupportedor long
stringsby theanalyzettool.

e Similar changego redundantdatacan be encapsulateéhto one operation. This effectively
reducesietwork bandwidth.

e SmartUpdategnayprovide a notificationmechanisnwhencertaindatais updated.

2Normally, updatedistributedover the network are verified to be executable sincethey were executedon the source
databaself they fail on atargetdatabasethe datathereis mostlikely corrupt.
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o If thedataallowsthat(asit doesfor EPCandFDOK), old andnew versionscanbemixedwithin
thedatabaseThe sampleémplementatiorgivenhereprovidesa datamodelwhich allows keep-
ing differentversionsof the datain onedatabaseThebenefitis thatif thenetwork hasasudden
outage the databaseanbe completedby old dataloadedfrom CD or somethingequialent.
This canbe donewithout affectingthe alreadyup-to-datedatapresenin the database.

o If datais originatingat legacy databasessmartUpdatescanbe usedasa backward channelto
write updatedackto legacy databasesThis is easierto implementthanon the databaséevel,
sincethe semanticof operationds known and canbe translatednore straightforvard to the
legagy datastructures.

e A SmartUpdatemight executecomplex operationdik e schemahanges.

4.4.3 Outlook: SemanticConflict Resolutionfor Smart Updates

Whereconflictscannotbe avoided, SmartUpdatesprovide a powerful, reliable,andflexible way of
doing conflict detectionandresolution.Becausehey arenot limited to the resultsof datamanipula-
tions,they cando somesmarterconflict resolutionstepshannormaldatabaseeplicationcando.

Therearemary differentconflictresolutionstrateiesavailable,[Syb984 containgnary examples
for that. All of thedatabaseeplicationtechnique®ffer someautomaticconflictresolutionstratayies,
which areof thekind 'first transactiorwins’, 'lastwins’, andsoon.

Alternatively to theseautomaticconflict resolutionstratgies, SmartUpdatesallow easiefimple-
mentationof semanticconflict resolutionthanimplementingthaton the databaséevel. Sincethisis
notthefocusof this thesis,| will only provide someexamplesandideasfor this here. Thefollowing
scenarids anexamplefor resolvingconflictingupdatego thevehicledatabase:

e An air conditionis built into a car A workshopaddstheair conditioncodeto thelist of special
versionsbuilt into thatcar But the updateis not propagtedup to the centraldatabasesince
theworkshopis currentlyoffline.

e Soonafterthat,thecarhasafailure. Anotherworkshop which repairsthatfailure,noticesthat
the carhasa built-in air condition,but thatthe correspondingodeis missingin the database.
It alsoaddsthatcodeto thelist of built-in specialversions.

e The updatethat reacheghe conflict resolutionsite later will notice that the codefor the air
conditioncant beaddedo thelist, sinceit is alreadythere.It simply dropsitself asit discovers
thatit is redundant.

Another moreadwancedscenarids thefollowing:

e Again, a mechanicdoesan updateto a vehicle datacard. He entersthe codeof a new spe-
cial versioninto the datacard. He pressesOk’, andgetsthe messagéY our updatehasbeen
preliminarily accepted”.

e Thelocal databasés temporarilyupdated put the original versionof the vehicledatacardis
presered.

e Theupdatemalesits way up to the centraldatabaseUnfortunatelyit discorerstherethatthe
vehicle datacard haschangedn the meantime,andthatit doesnt know how to do conflict
resolutionin this case.
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o A notificationis sendbackto theworkshopwherethe conflictingupdatewasinitiated. Thenext
time the mechanidogsin, a messagés displayedsaying“Y our update... hasbeenrejected.
Click 'Ok’ to try again”” After clicking 'Ok’, the applicationdisplaysthe new versionof the
vehicledatacardalongwith the updatewhich causeda conflictandthereasortherefore.

e Themechanicannow resohe theconflict manually

Of courseanapplicationwhich wantsto provide suchmeansof conflictresolutionmustbe designed
from the startasa distributed applicationsupportingdisconnecteaperations.Scenariodik e those
above areonly realizablef thereis a smallnumberof valid operationsvhich might causeconflicts.
This conceptis e.g. feasiblefor the vehicle datacard databasewherethe datastructuresare very
simple.

Wherever possible,it is preferableto avoid conflicting updateswhen designinga distributed
databaseystemor distributedapplication.An examplefor this is the Usenetwhereall peoplemay
write to adiscussiorgroup,but cannever conflict with eachother

It is importantto considerthata manageableonflict detectionandresolutionrequiresthe intro-
ductionof a definite clearinghouse. This doesnt needto be exactly onenode,but thereshouldbe
only oneresponsiblenodefor eachdatapartition. Whenat sometime the ideaof the centralafter
salesdatamaintenancenddistribution is dropped,t might for examplebe chosenthatevery MLC
databaseloesconflict resolutionfor its areaspecificdata. But if every nodein the network could
do conflict resolution,this will soongetunmanageableUsing e.g. databaseeplicationwithin an
updatearywherescenario every site may get the updatesn a differentorder andthereforemight
undertale differentstepsto resole conflicts. If, in sucha scenariothe conflict resolutionstratayies
arenot carefullychosenijt might evenhapperthatthe systemnever reaches stablestateaftersome
conflictingupdatesasevery sitemay seethe conflictresolutionactionsof the othersasnew conflicts.
Somemoreinformationaboutthis topic canbefoundin [Syb984.

The following are possiblevariationsof extendingSmartUpdateswith the ability to do conflict
resolution:

e anupdaterequestncludesrulesfor detectiorof conflicts. Theserulesmaydiffer from onetype
of updateto another(evenfor the samesetof data)andarethereforehighly customizable.
Most of theseruleswould have to be implementedaryway, asan applicationnormally checks
whetheranupdateto the datais valid. Theserulescouldbereusedo do conflictresolution.

e insteadof just beingacceptedr rejectedan updatemay adaptitself to a new situation,where
it would normallyberejectedn its original shape.

e anupdatemaybeonly temporarilyapplied.Thechangss laid like a'foil’ overthe’picture’ of

consistentlata.Simultaneouslyhechanges sentto the’clearinghouse’ whereit will approve,
modify or rejectitself.
For sometypesof data,this canbe implementedrery easily For example,in the vehicledata
carddatabasegtagmightbeincludedfor eachvehicledatacardwhichtellsthatit wasmodified
locally. The modifiedvehicledatacardis storedat anothedocationin the databaseAs soon
asthe modificationis acceptedandthe updateto the original vehicledatacardis receved, this
copy is dropped.

e anupdatewhichis rejectedmaypresenthisfactto theuserwhichcausedheconflictingupdate
in themostsuitableway by usingthe sameapplicationthatcausedhe conflict.
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As alreadymentionedtheseareonly someideasof how conflictresolutioncanbe done.Implemen-
tationof afully featuredconflict resolvingupdatecanbevery challengingdependingnthepossible
updatesBut, implementingheseruleson the databaséevel is evenmorechallenging.The standard
rules,e.g. 'first wins’, 'lastwins’, ..., canalsobe very easilyimplementedor SmartUpdates;f
a smarterconflict resolutionis not needed.Whereconflicts happenvery seldom,this might be the
preferablavay to save implementatiorcosts.

4.4.4 Conclusionand Decision

The only limits for SmartUpdatesarethe compleity andimplementatiorcosts. Using SmartUp-
dates,nearlyeverythingis possible,aslong asit canbe implementedat reasonableosts. But, if a
middleware framework for distributing themis available, the implementatiorcoststo getthe same
functionalityasfor databaseeplicationarevery low. Suchaframevork couldalsoprovide aninter-
mediateJDBCdriver thatreplicatesall transactionso the databasasautomaticallycreatedupdates.
This is equivalentto databaseeplication,exceptthatthe latter normally readsthe changedrom the
databaséodfile.

| don't believe thattherewill soonbe databaseeplicationtechniqueswvailablethatmatchthere-
quirement®f thePAID project.ReplicatingGigabyteshroughl KB/s modemineswasnt adwertised
by ary replicationtechnologyendor

Anotherimportantpoint| hadto take into considerationvastheapproactwhichwould beusedto
solve the problemthatthe dataamountsveretoo big to bereplicatedhroughthe network. Onecould
redesignthe datastructuresn a way that updatego the databasevould be smaller But | rejected
from doing that becausd cannotassumethat this is possiblefor all currentand future databases
which onemightwantto distributeusinga PAID lik e distribution platform. An examplefor thisis the
WIS databasewherevery complex datareomganizationsandrelocationsaremadebetweerreleases.
Requiringthe datastructurego be designedsuchthat only smallupdatesare generateds often not
feasible sincedataoftenoriginatesrom legacy databases.

Sol choseto implementthe analyzentool to generateSmartUpdates.Sincel don't knov what
particularway of distributing updateswill be chosenfor the PAID project, | provide only a very
rudimentaryimplementatiorof updatesithin thisthesis.

As | will shav in the chapteraboutthe FDOK aftersaleslata,SmartUpdatescanreducethe size
of updatedo this databasén a way thatcannotbe doneusingdatabaseeplication.| alsothink that
theideaof replicatingto ary kind of databas&vhichis accessible¢hroughJDBCis very promising.

4.4.5 Object Designof Smart Updates

| presenthetoplevel implementatiorandinterfacesof the SmartUpdatesiow, becausé senesasan
examplewhichshouldhelpdemonstratingheconceptuaideas.But thedesignintroducechereshould
notbetakenasareferencesincemostfunctionalitywasnotor only rudimentarilyimplementedThe
conceptof datasubsetsntroducedhereis later usedfor presentinghe subdvision of the EPCand
FDOK databasem chapterb.

Within the scopeof PAID, mostlikely a more generalmodel of dataand of the dependencies
thereinwill have to be developed.Thiswill be necessaryo handlenot only the updateshut alsothe
valid local configurationdor initializing andmodifying the subsebf datalocally mirrored.

The classdiagram4.3 shavs the maininterface’Update’, which represents SmartUpdate,and
theotherclassesnvolvedwith the managementf updates.



CHAPTER4. DATAMOVEMENTSWITHIN THE PAID NETWORK 29

interface Dependency
Updat e | _dependencies of update |
+voi d execute
+Updat e get Customni zed $

+Dat aSubset get Subset

+String get New nf o
+Dependency[] get Dependenci es
+voi d debugPri nt DependOnUpdat e DependnSubset
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+l ong version
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+String toString +String toString
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I _ o
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W \V +long version
interface Local Dat aDesc current data _*|*String getidentity

+String toString
+i nt hashCode
+voi d setLocal Data +bool ean equal s
+Dat aSubset get Subset

Local Data

+Local Dat aDesc get Descri ption represents
+voi d putDescription

+voi d begi nTransaction +long firstTine
+voi d conmit +voi d addSubset

+voi d rol | back +voi d updat eSubset want ed new dat a \Want edSubset sDesc
+voi d debugPrint

+bool ean i sWant ed

Figure4.3: SmartUpdateandinvolvedclasses

Thefollowing sectionswill explainthe methodswvhich mustbeimplementedy a SmartUpdate
andthe classeshavn on the diagram.Not all methodsaredescribechere;a completereferencecan
befoundin thejavadocdocumentatiomccompaning this thesis.

Methods of Update

Thisis anoverview of the methodsmplementedyy anupdate;lt containsforwardreferenceso the
next sectionglescribingheinvolvedobjects.

execute This is the mainmethodof the update sinceit appliesthe updateto thelocal data. A refer
enceto thislocal datais givento this methodasa LocalDataobject.

getCustomized Createsa new updatewhich is customizedo the local data. A descriptionof this
datais givenasparameteto this method(asLocalDataDesobject).

getSubsetReturnsa DataSubsebbjectdescribingthe new versionof the datasubsetwhich is up-
dated.This objectalsouniquelyidentifiesthe update.

getNewlnfo If the updateintroducesa new datasubsetthis methodreturnsa string describingthe
new datasubset. This string canthenbe usedby WantedSubsetsDeso decidewhetherthis
subseis wantedor not.

getDependenciedDescribegshe dependenciesf anupdate.

debugPrint Printsdehugginginformationon the standarcerroroutputstream.

The messagesequencehart6.4 found in section6.2.5describingthe implementatiorof the apply
subsystenof theanalyzettool will illustratehow thesemethodsareused.



CHAPTER4. DATAMOVEMENTSWITHIN THE PAID NETWORK 30

Description of local data (LocalDataDesc) DataSubsets

The classLocalDataDes@rovidesa descriptionof the datathatis installedlocally. Datais divided
up into DataSubsetsachhaving a name(identity) and a currentversion,which is representedby
atimestamp.The designatioridatasubset'is quite insignificant;this is becauset is a very general
superclassvhich maye.qg. reflecta catalogin the problemdomainEPC,but a combinationof model
line andareawithin FDOK.

As| searchedor asuitablerepresentationf datasubsetsl discoreredthatcompleity is reduced
very muchif datasubsetaremodeledn astableway, whichmeanghatdataneverchangeshesubset
it belonggto. If it would dothat,it mighthapperthatits new datasubsetasanincompatibleversion
or isn’t installedlocally. Theseconditionswould have to be checled for andhandledwheneer data
is updated.Thefollowing arefurtherrequirementgor well modelingdatasubsetgor the respectie
applicationdomains:

e Sincedatais accessedboth locally and remotely the subsetsshouldbe chosenin way that
gueriescanbeeitheransweredy thelocal dataor remotely

o If thereareonly few dependencieletweersubsetsinanagemertf updatesanddatais easier

o If subset@rechoserin away thatdifferentversionscanbe mixed, it is possiblefor examplein
caseof anetwork outageto installthenow missingremotedatalocally asanolderversionfrom
CD. Thisrequirements alsoa preconditionfor enablingreorderingof updates.

The way subsetsare chosenfor the two referenceaftersalesdatabasegives an examplefor data
subsetanatchingthesecriteria. Sincetheremight be updateghatintroducenewv datasubsetsthe
descriptionof local datais associatedvith a descriptionof which nenv datasubsetsa target node
wishesto get(WantedSubsetsDesc).

Note that thereis always a way to implementthis conceptconsistentlyfor a specificproblem
domain,becausét is alwayspossibleto modelthewholedataasonesubset.

Dependencies

An updatecanhave dependencies he mostcommonis thatthe datasubsethe updateappliesto has
the appropriateversion. An updatemay alsorequesthat anotherdatasubsethasa definedversion,
which appliesonly if thedatasubsetareinstalledlocally. Thesetwo depedenciearerepresentedy
aDependOnSubseependenc

Thereis alsoa way to link updatesogether It is possiblefor two updatesto dependon one
anotherwhich is expressedy DependOnUpdateThis indicatesthat the updatesshouldbe applied
simultaneouslye.g.within onetransaction.

Otherdependenciesight beintroducedor specificproblemdomains.

LocalData

LocalDatais areferenceo thelocal data.lt providesthe methodgetDescription(jo readthedescrip-
tion of thelocal data(LocalDataDesclrom the databaseandputDescription(}o write it back.

The classalsoprovidesa generictransactiorhandlingcapability Beforeupdatesareappliedor
thelocal datadescriptionis modified,beginTransaction()s called. Thenall updatesvhich dependn
oneanotherareexecuted.The descriptionof thelocal datais updatedaswell. After all thisis done,
commit()is called. This ensureghatdatanever hasaninconsistenstate,andthatthe descriptionof
thelocal datais consistentvith thelocal data.
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About Consistency

Therearecertainconsisteng constraint§or the proposednechanismso work reliably. Thetransac-
tion conceptofferedby the databasess usedto prevent datacorruptionbecausef errorsor break-
downs. But certainthingshave to bekeptin mindwhendesigninghesystem.Oneis thatthesubsebf
datainstalledmustnotbechangedvhile alreadycustomizedipdatesaretransmittedr in progresof
execution.Also, whenthatlocaldatasubsegrows or shrinks thecorrespondindpcal datadescription
mustbe adaptedvithin the scopeof the sametransactiorusedfor thatpurpose.

This conceptarenotyetimplementedully, sincel only provide a proof-of-conceptimplementa-
tion andl don't know which kind of transactiorservicewill beavailablewithin PAID.

4.4.6 Neededimpr ovements

Theway of representinglatasubsetsasto be rethought.For example,the conceptof representing
andidentifying datasubsetsand nenv datasubsetsy stringswasdriven by the way the updatesare
currently storedin a databas@ueue(table). | wantedto make thatinformationavailablein human
readableform outsidethe updateobject. The chapteraboutthe analyzertool providesmoredetails
on this. | alsousedthis representationf datasubsetsand versionsto producestatisticsto find the
optimalway of producingupdates.

It mightbeusefulif anupdateis notlimited to updatingonly one DataSubsetComplex updates
like schemachangesaffect morethanone DataSubsetSomemorecleanandgeneralmodel of data
and metadatawill have to be developedfor representinghe data subsetstheir version,and the
consisteng constraints.

4.5 Alternative Approaches

4.5.1 RemoteSynchronization

As analternative approachpnecouldusearemotesynchronizatioralgorithmto bring two databases
up-to-date.’Rsync’ [TM96] implementsthis for files; in [BR97] a similar but moreadwancedtech-
niquefor doing remotesynchronizatiorof databaseis described.Thereis a Java tool setavailable
which performssynchronizationn a very simpleway ([Shat).

Using synchronizationno stateinformationwould have to be maintainedwhich is obviously a
very big advantage Adding nodesandshrinkingor growing of a nodes local datais uncomplicated.
No analyzertool would be neededaswell, sinceno informationaboutchangedetweerreleasess
necessary

Theideabehindsynchronizations to comparewo remotedatasetsusinga certainprotocol. The
rsyncapproacte.g.transmitschecksumso identify differing datablocksin files.

Thegeneraproblemwith thiskind of approachs thatwhenthesizeof theseblocksis small,then
therewill bevery mary blockswhichwill have to be negotiated.If theidentifiedblocksarebig, then
too muchunchangediatawill betransmitted.Soonewould startto negotiatebiggerchunksof data,
andthenproceedonly in the differing onesto find small changedsubsets.This works very fine if
thechangesrecondensedsincethenonly afew differing blocksarefound. But usingthis approach
is generallyinefficient if the changesarewidespreadall over the databasén an unpredictablevay,
whichis thecasee.g.for the partscatalogues.

This way of synchronizingdatabasesvould never be as efficient in termsof network usageas
generatingthe necessaryipdatedocally and distributing them. | guessthat it might not even be
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usablefor synchronizinggigabytesof datathroughmodemlines, especiallywhena nodewasoffline
for sometime andthe datahaschangedat mary differentplaces.l think thisis obvious,but in lack of
atestervironment,l couldnt verify it.

Sinceit is aprotocolbasedapproachadirectconnectiorbetweerthesourceandthetargetnodeis
required.Thiskind of synchronizatiomanhardlybedoneeffectivelyin amessagbasecdernvironment,
withoutusingtoo big unitsfor synchronizationBroadcastingindmulticastings of coursampossible
usingthis method.

Anotherproblemwith this approachs the computingtime on the sourcenode,whena few hun-
dredtargetnodeswould wantto synchronizéhemselesatthe sametime.

An approactof thiskind is althoughvery interestingor doinganeffective resynchronizatioafter
afailure. But it wouldthenhadto betestedhattheresynchronizatiors donein areasonabléme for
themostlikely casesWhile doing synchronizationanestimatehasto be madehow longit will take.
This is necessarypecauseynchronizatiommight produceworseresultsthantransmittingthe whole
data. It mustbe keptin mind that transmitting5% of the aftersaleslatabasehroughan ISDN line
takesawholeday.

4.5.2 TimestampReplication

A very simple approacho distribute databasehangess to assigntimestampdo eachrecord. For
eachdatasubset,a tamget nodewould receve all recordsthat have beenchangedafter the newvest
recordin thatsubsetBut this techniquehassomedravbacks:

e Moving of recordscannotbe capturedhatway. A recordis saidto be movedwhenits primary
key valuesarechangedTheeffectof thisis thatyouwill eventuallyfind norecordor (logically)
anotherecordattheplacetheoriginal recordwas.

e Similarupdateso mary recordsarenotreplicatecefficiently usingthis method sincetheresults
of thechangesrenotnecessarilgimilar. Similarupdatesanbecompresseuderywell, but not
thedifferentresults.

e For someproblemdomains,a recordor even a field may be a too big unit to be transmitted.
An examplefor this is a databasetoringdocumentghat were generatedrom a template. If
thattemplatewould be changedall documentsvould have to be retransmitted Equippingall
possibledatasubsetith timestampsgnight not be realizable dependingon the natureof the
data.

Thefirst two pointsapplyto the EPCdatabaseat which thefirst oneis worse,sincethedesignof this
databaseesultsin suchmavesbetweernreleasesThe sectionsabouttimestampreplicationfoundin
therespectie sectiondor EPCandFDOK in the next chaptemwill explain how this approactcould
althoughbeusedalternatvely to SmartUpdates.



Chapter 5

The AftersalesData

In this chapter the datastructuresusedfor the relationalaftersaleddatabasétarDB are described.
Thetwo databasschematarenamedEPCandFDOK in this thesisaftertheir legacy predecessors.
The EPCdatais usedby the StarNetvork applicationStarRarts, which will be usedat the branches
to identify the partsbuilt into vehicles.The FDOK datais usedto determinethe configurationof an
individual vehicle,for examplewhich aggreate variantsand specialversionsare built into it. The
correspondingtarNetvork tool is calledStarldent. Thedatabasschematavithin StarDBarenamed
afterthenew terms,“Parts” and“ldent”, andcanbefoundin appendixA.5 andB.1, respectiely.

| preferredo use’EPC’ and’FDOK’ to avoid confusionsincel oftenhave to usethewordspart,
parts,identifier, andidentify.

It is assumedhatthereadelis familiar enoughwith relationaldatabaseto knov whatatableis,
how datais storedtherein,andwhata primarykey is.

5.1 About ClassDiagrams Describing LegacyData

The classdiagramscontainedin this chapterare not comparablewith classdiagramsmadefrom
scratchfor designinga new system. They arereverseengineeredrom a relationaldatabasémple-
mentatiordesignedor storinglegagy non-relationatiata. They areto beseermasno morethanautility
to shav theobjectscontainedn thedatabaseandtheassociationgetweerthem.

The schematdor the databaseweredesignedo allow a straightcorversionof datacomingfrom
somelegacy file formats. Seesection5.2.8for detailson how this is donefor EPC.Becausef the
legacy datastructuresneitherentity-relationshigliagramanor classdiagramscould be usedstraight
on for modelingthe datastructuresas they are implementedfor the StarNetvork databasesow.
Somecompromisénadto befoundbetweerdraving meaningfulandcorrectclassdiagramsandstay-
ing closeto therealimplementationThe textual descriptiondoundin the sectiongor the individual
objectsrespectiely tableswill illustratethis problem. To stayascloseas possibleto the realim-
plementatiorandto avoid introducingeven moreclasses| tried to establisha one-to-onemapping
betweertablesandclasses.

Anotherprobleml hadto dealwith wasthe mixture of languagesThe tablesandfields usedin
the databasaregermanor abbreviationsof germanwords. Sol couldnt usethe namesof thefields
andtablesfrom the databasevithin thediagrams.

Sothefollowing cornventionsareusedfor the classdiagramswithin this chapter:

e Thestereotypdieldsare(mis-)usedo namethetabletheobjectsarestoredin, and/orthefields
theiridentity is representewith. Unfortunatelythis wasthe only way to placenotesinline.

33
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e The attributesshavn in the diagramdo not reflect the identifiersor typesusedwithin the
databaseThey just give somehint of whatdatais storedwithin anobject.| alsoomittedsome
fields which were redundantor insignificant. Putting all attributesfrom the EPC or FDOK
databasschematanto thediagramswvould renderthemunreadable.

e The CASEtool Togetherdoesnot correctlydrav qualifiers. As they are quite confusingthe
way they aredrawn, | omittedthemcompletely

Sinceonly datais modeledthe classeslo notdefineary operations.

5.2 EPC - StarParts

5.2.1 Utilization of Parts Information

TheElectronicPartsCataloguesreusedto identify which partsarebuilt into a specificvehicle.

This informationis neededat the branchedor exampleto sell partsdirectly to the customeror
to orderpartsneededor arepair It is alsousedinternally for exampleto supportthe authoringof
servicedocuments.

With theintroductionof StarNetvork this identificationprocesss totally imagebased.Theuser
selectaapartonanillustrationandimmediatelyseeshecorrespondingartrecord(=partdescription).

Unfortunatelytheselectionof the properpartis notfully automatically At leastnotwith thedata
comingfrom thelegacy ELDAS authoringsystem.Someinformationmuststill bemanuallygathered
and reviewed from footnotesand so-calledsupplementaryexts. Therefore,the partidentification
procesganstill beerrorprone.

5.2.2 Overview

Electronicpartscataloguesontainimagesandpartsinformation.Imagesarestoredwithin adirectory
tree,partsinformationin arelationaldatabasschemaonsistingof 26 tables.AppendixA.1 shavs a
completdist of all tablesalongwith ashortdescription.

EPC

nodel cat al ogues ? ? suppl enentary texts

speci al version catal ogues

* *

<<tabl e KATALOG field KAT_NR>> <<table SA BEN, field RUWPF>> <<t abl e BEI TEXT>>
Model Cat al og Speci al Ver si onCat al og Suppl enent ar yText
Vehi cl el assTags vehi cl eCl asses String[] name String[] text
Ar eaCount r yCode ar eaCode Vehi cl edl assTags vehi cl ed asses Jul i anDat e date
AreaCount ryCode ar eaCode

SVCondi ti onCodes codes

Figure5.1: Overview of ElectronicPartsCatalogueslatabase
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As shavnin thefigure5.1,the EPCdatabaseanbedividedinto threesubsets:

e modelcataloguegdescribedn section5.2.4).
e specialversioncataloguegdescribedn section5.2.5)

e supplementaryexts (describedn section5.2.7)

Thesesubsetsare loadedindependentlyinto the database.The next sectionsdescribethesethree

subsetdn detail. Additional informationis found in the appendix: A.5 containsthe SQL schema
definition,andA.4 maybevery helpful if you don't understandiermanasit containsareferenceand

translatiorfor all field namedoundin thedatabasschema.

5.2.3 LanguageSupport

Thepartsdatabassupportssix languagedistedin thefollowing table(5.1).

language | suffix | value|

neutral notused| O
English _E 1
French _F 2
Spanish S 3
Portuguese P 4
Italian | 5
German _D 7

Table5.1: Languagesupportedy EPC.

In the classdiagrams] consistentlyusedstring arrays(String[]) to representhe factthata de-
scription,name or title is availablein severallanguagesA two dimensionahrray(String[][]) means
thatthereareseverallinesof languagalependentext. Within the databasegachline of text is stored
in aseparateow of therespectie table.

Threedifferentmethodsareusedto representanguagespecificdatain the partsdatabase:

e A separateolumnis usedfor eachlanguageusinga suffix for eachlanguage(seetable5.1
above). Thisis themostcommonmethod.Thesuffix X' is usedfor thosenameswithin this
thesis.

e A specialcolumnwhich identifiesthe language. This is usedonly for footnotesand special
versioncatalognames.

e Onetablefor eachlanguageThis methodis only usedfor imagegrouptitles. Thetablenames
have the samesufixesasusedfor thecolumns.

Thedifferentmethoddgo storelanguagespecificdataresultfrom thelegacy inputdatafiles. If multiple
lineswereusedthereto storethetext, thenmultiple rows areusedin thedatabasaswell.
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5.2.4 Model Catalogues

Modelcataloguesontaintheimagesandpartsdatafor theregularmodelswithoutary specialversion
equipment.The classdiagram5.2 shavs the objectsandassociationsontainedn theregularmodel
cataloguesln the following sectionshe objects,attributes,andassociationshavn on the diagram
andtheir representationvithin the databaseschemaare explained. All datacontainedin a model
catalogexceptthe informationaboutimagesis cornvertedandloadedinto the databasérom a single
file.

Model Catalogues(table KATALOG)

A modelcatalogues a closedunit containingpart records footnotes,imagereferencesandmodel
informationfor the mainvehicleor aggrgatemodels.It cancontaindatafor up to 22 vehiclemod-
els. This is a historicallimitation, asthat wasthe numberof columnswhich could be shavn on a
microfiche.A modelcatalogs identifiedby athreecharacterd (KAT_NR).A columnwith thisname
is foundin the primarykey of all tablesusedfor the modelcatalogues.

Two attributesspecifywhich vehicleclasses catalogis valid for (columnSORI_KLASSE),and
for which arearespectiely countrya catalogis used(columnBER_CODE).AppendixA.2 lists all
valid areacodesandA.3 all vehicleclassidentifiers.

As thepartrecordsn amodelcatalogdocumentll modelsin parallel,mostlysimilar modelsare
groupedtogetherin onecatalog. This savesspace asonly onepartrecordhasto be usedfor a part
whichis valid for all models.Wherever partsaredifferentlyusedamongmodels severalpartrecords
have to be used. This is becausene partrecorddescribedor exactly onepartthe modelsit is built
into. Seesectionaboutpartrecordsfor details.

Models (table BAUMUSTER)

A model,which caneitherbe a chassisnodelor an aggregate model, is identifiedwithin a catalog
by two three-digitnumbers:BR (modelline, for german: Baureihe)and BM (model, for german:
Baumuster).

Thefollowing table(5.2) givessomeexamplesof models.

| catalog| BR | BM | modeltype | name \

457 | 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

O7E | 717 | 450 | transmission GL 76/30A-5
01J | 730 408 | frontaxle VL 0/6 CE- 1,6/RS3550
01y | 763 | 000 | steering LzS1

Table5.2: Examplesof vehicleandaggreatemodels.

A typefield is usedto distinguishbetweenaggreate and chassismodels. For chassianodels,
all aggregatemodelswhich canbebuilt into it arefoundin thetableFGST_AGG. Vice versa for an
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<<t abl e KATALOG field KAT_NR>>
Model Cat al og

Vehi cl eCl assTags vehi cl ed asses

Ar eaCount r yCode_ar eaCode

nay contain

valid for
FGST_AGG
1..22 0..1]chassis nodel construction groups
<<t abl e BAUMUSTER>> :
Mbdel aggr egat e nodel 1. 99
Wodel Type type : <<table KG field KG>
Strinag[][] description - )
chassi s nodel Constructi onG oup
String[] title
0..22 0..1 |aggregate nodel
may be built into <>

i mage groups

f oot not es

*

<<tabl es BT_NAME_X, field TU>>
| mageG oup
String[] title

*

i mges
<<t abl e FUSSNOTE>>

* Foot not e
String[][] fn_text

<<file>> ) o <<t abl e Bl LDTAFEL>>
| mage identifies | megel dentifier
built into _— 0..6 1..*
shows i mage nunbers part records groups

*

<<t abl e MAPS>>
| mageNunber

<<t abl e FUNO _TAB>>
Tabl eFoot not e

shown as i mage nunber

<<t abl e BEI TEXT>>

* *

% Suppl enent ar yText
<<t abl e TPOS>> footnote String[] text
* Part Record *

addi ti onal description 0..1 | _JulianDate date

part String[] partNane
bool ean | ef t HandManual
bool ean | ef t HandAut omati ¢

<<fields ...TNR ..>>

bool ean ri ght HandManual * descri bes 0..4

. . Par t Number
bool ean ri ght HandAut omati c
Conponent s[] conponent s * i nterchangeable parts 0..24

Condi ti onCodes condi tions

* repl acenent parts 0. .

Figure5.2: Pseudcalassdiagramof modelcatalogobjects

aggreyatemodel,all chassisnodelswhichit canbeusedwith arelistedin AGG_FGSTNotethatthis
is redundanandanartifactof theway thedatais dividedup into catalogues.
The datafor onemodelextendsover two or morerows in the databaséable: In thefirst row, the
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type of the modelandthe columncontaininga languageneutraldescription(VERK _BEZ) arevalid.
Thefollowing rows containoneor morelines of descriptionswherethe columnsfor the respectre
language$BESCHR_X)arevalid.

Construction Groups(table KG)

The imagereferencesparts,and footnotesare organizedin constructiongyroups. They are shavn
in thediagramas’part-of’ a constructiorgroup. Thetwo-digit constructiorgroupidentifier’ KG’ is
foundin the primarykey of all tablesusedto storethatobjects.

Thefollowing table(5.3) shavs someexamples:

KG | title (english)
20 | ENGINECOOLING SYSTEM

25 | CLUTCH

40 | WHEELS

54 | ELECTRICAL EQUIPMENT AND INSTRUMENTS
72 | DOORS

82 | ELECTRICALSYSTEM
91 | FRONT SEATS

Table5.3: Examplesof constructiorgroups.

Image Groups(TU)

Partrecordsandimagesaredividedup into imagegroups whichis aratherarbitrarysubdvision. It is

justarangeof partrecordsshavn ontypically betweeroneandfive illustrations.An imagegroupis

identifiedby the 3-digit field TU (partsaccumulationfor german:Teileumfang). Eachimagegroup
is assignedh title, which is storedin a separatdablefor eachlanguaggthe BT _NAME_X tables).
The subdvision into imagegroupsis not alwaysstableamongrelease®f modelcataloguesimages
andpartsaresometimeseoiganizedinto new imagegroups.

Imagesand Image Numbers

An imageshown in the partscataloguess typically a constructiordiagramshaving someparts.The
attributesfrom tableBILDTAFEL areusedsolelyto constructthe filenamefor theimagesfound on

disk. A releasealateis usedto distinguishbetweerseveralrelease®f animage. This releasedateis

necessarpecausé happenshatdifferentmodelcatalogueseferto distinctreleasalatesof thesame
image.

On an image, several partsare shavn with numbersnearthem. The table MAPS tells which
imagenumbers(field BILD_NR) are shavn to the useron animage. Within animagegroup, an
imagenumberis alwaysusedfor the samepart, and may be shavn redundantlyon morethanone
image.

Imagefiles are not storedwithin the database.The imagefiles containadditionalinformation
whichtellsthe StarRartsapplicationaboutenclosingpolygonsof the partshavn for animagenumber
This makesit possibleto highlightthe partswhenthey areselectedy theuser
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Part Numbers.

Part numbersare uniqueand stableidentifiersassignedo parts. Wheneer a column containsthe
string’TNR’ (Teilerumme), it containsone or more part numbers.Most part humberscontainthe
modelline (BR) they areusedfor asa prefix.

Part Records(table TPOS)

This is themainobjectin the partscataloguesMost recordscontaina valid parthumberin thefield
TNR, but therearealsosomenoterecordswith the specialpartnumber XX...XX'.

A part recorddescribesunderwhich conditionsits part was usedwithin a specificvehicle or
aggragate. Someconditionsareonly availableasnaturaltext linkedto the partrecordasfootnotesor
so-calledsupplementaryext.

Someconditionscanbe evaluatedautomatically Exampledor thataresomeflagswhichindicate
whetherthe partis beingusedwith a vehiclewhich hasleft or right handdrive anda manualor auto-
matictransmission.Thereis alsoa field called CODE_BDGwhich containssomespecialcondition
codenumbers For utility vehiclesthefieldsstartingwith 'KP_’ list somecomponentnainnumbers
andtheir so-calledstroke versiongthe partis usedwith.

A partrecordalsotellsin which amountthe namedpartnumbermwasbuilt into the vehiclemodels
the catalogis valid for. This associatiorwascarefullyhidden: Thestringattribute ALLE_ MENGEN
lists the amountas 22 three-digithnumbers. The table for the respectre models(BAUMUSTER)
containsa columnPOS_NRwhich identifiesthe startingpositionwithin this string for eachmodel.
You canthink of this asa matrix, wheremodelsarethe columnsandpartrecordsherows.

A partrecordis uniguelyidentifiedby thecatalogd, theconstructiorgroup,anda simplerunning
number(LFD_NR). Thatrunningnumberssometimeshangebetweernrelease®f a modelcatalog,
but aremostly stable. This will changewhenthe plannedcornversionfrom the new partsauthoring
system®DIALOG andTINA is complete.Thentherunningnumberswill beassignedemporarilyfor
eachsnapshotorversion.

Sometimes partis beingreplacedby others.for exampleif therewerenew versionsof the part
availableandtheoriginalpartis notproducedarymore.Becaus®nemightsearctfor theoriginal part
number the partrecordis not deleted put insteada flag is setandanotheffield lists the replacement
partnumber(s).

Anotherflagis setif thereareequivalentpartswhich areinterchangeablwith the partarecordis
for. Thenanattributelists the partnumbersandrespectie amountsvhich canbe usedinsteadof this
part. This happengor examplewhenequialentpartsareprovidedby morethanoneexternalvendor

Section5.2.11aboutthe changesbetweenthe EPC releasesontainssomeexamplesfor part
records.

SelectingValid Imagesfor Part Records

The partrecordscontainthe referencego the image numbersusedwithin animagegroup. After
detectingwhich imagenumbersarereferencedy valid partrecordsthetable MAPS is usedfor the
sole purposeof detectingwhich imagesin the particularimagegroup shawv the valid parts,asthis
tableestablisheanassociatiobetweerimagesandimagenumbers.
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Footnotes(tablesFUSSNOTE and FUNO_TAB)

A footnoteconsistf oneor morelinesof text. Eachline is eitherlanguageneutralor availablein all
supportedanguagesA footnoteis identifiedwithin aconstructiorgroupby auniguenumber(column
FN_NR). The line numberwithin a footnotewas split amongtwo columnscalledFN_FOLGEand
FN_ZEILE,whichis anartifactfrom thecorversionprocessThelanguagef aline is determinedy
aseparateolumncalledFN_SPRACHE (footnotelanguage).

Somefootnotesaregroupedogetherto form atablefootnote. Thisis oftenusedfor colortables,
which arereferencedvhena partis availablein several differentcolors. Thesetablefootnotesare
storedin aseparatelatabas¢ablecalledFUNO_TAB. ThecolumnBLOCK_ZAEHLERIn thattable
is thenusedto groupfootnotes. If one of the footnotesnumberscontainedin a table footnoteis
referencedrom a partrecord,all footnotelineswith the samevaluein this columnareshavn.

A consequencef the useof two separatelatabas¢ablesis thatonemight have to look into both
to find areferencedootnotenumber

5.2.5 SpecialVersion Catalogues

Specialversion cataloguexontainimagesand partsdatafor specialversions. The examplesfor
specialversionscontainedn the correspondingectionbelown give anideaof whata specialversion
canbe. Figure5.3 shawvs a classdiagramof the objectscontainedin a specialversioncatalogand
their associationsSpecialversioncatalogdatais loadedseparatelfrom modelcatalogdatainto the
databaseAll datafor a specialversionexcepttheinformationaboutimagesoriginatesrom a single
file.

Specialversionsarealwaysrelative to somespecificvehiclemodels.The catalogue$or themwill
only containthe differencego thesemodels. Section5.2.6 will illustrate the connectiondetween
specialversionsandregularmodels.

Specialversioncataloguearein mary waysvery similarto modelcataloguedyut thehierarchical
view is totally different. Sincethey list only partscontainedn afew variantsof a specialversionand
notall partsfrom a completevehicle,they aremuchsmallerthanmodelcatalogues.

SpecialVersion Catalogues(table SA_BEN)

A specialversioncatalogis a closedunit containingpart records footnotes,imagereferencesand
informationaboutsub-\ariantsof a specificspecialversioncalledstroke versions.A specialversion
is identified by the six-placemain numbercalled RUMPFE A columnwith this namebelongsto the
primarykey of all tablescontainingspecialversiondata.

ThetableSA_BEN containstwo attributeswhich specifywhich vehicleclasses catalogis valid
for, andfor which arearespectrely countryit is used.Thesearethe sameattributes(SORT _KLASSE
respectrely BER_CODE)asusedfor the modelcatalogues AppendicesA.2 andA.3 list all valid
areacodesandvehicleclassidentifiers.

Additionally, thereis a conditionfield called CODE_BDG,which specifiessomeconditionsfor
how thespecialversionmaybeused.Anothercolumncontainghe nameusedfor the specialversion,
usingoneline respectiely databasgablerow for eachlanguageThefollowing table(5.4) givessome
examplesof specialversions.
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<<table SA BEN, field RUWPF>>
Speci al Versi onCat al og

String[] name
Vehi cl ed assTags vehi cl eCl asses
AreaCount ryCode ar eaCode

SVCondi ti onCodes codes < foot not es
*
0..20
<<tabl e SA FUSSNOTE>>
connect ed special versions SpVer sFoot not e
0..10 0..5|-Strinal1[] lines
<<field | NTERV>>
Abstract StrokeVerslnterval 0..6 1..*
f oot not es
groups
0..10 *
<table SA TITEL, field STRICH AUSF>> | «

StrokeVersion

0..10 - - <<t abl e SA_FUNO TAB>>
Strin title = —
all SpVer sTabl eFoot not e
0.. l?

<<file>> ) o <<tabl e SA_BI LDTAFEL>>
SoVersimpge |t dentifies SpVersl magel dentifier

part records

built into f oot notes

shows inage nunbers

<<t abl e BEI TEXT>>
Suppl enent ar yText

*

<<tabl e SA MAPS>> String[] text
SpVer sl mageNunber JulianDate date
shown as inmage nunber 0..1
0..1
* *|part  * “
<<SA TPCS>> * addi tional description
SpVersPart Record
String[] name . descri bes 0.1 <<fields ...TNR ..>>
bool ean for LeftHandDrive — Par t Nuber
bool ean forRi ght HandDri ve * repl acement parts 0..23
* i nterchangeabl e parts 0.. %
* repl aces nodel part 0..1

Figure5.3: Pseudalassdiagramof specialversioncatalogobjects

Stroke Versions

A stroke versionis a sub-\ariantof a specialversion. It is identifiedby a 2 digit numbey so there
are up to 99 stroke versionsper specialversionmain number Somestroke versionsexclude one
anotherothersmustbe combined.Therefore for fully specifyingwhich specialversionvariantsare
usedwithin avehicle,morethanonestroke versionmight have to be givenfor a specialversionmain
number All databaseableswhich containstroke versionspecificinformation have a field named
STRICH_AJSF (stroke version)within their primarykey.

ThetableSA_TITEL containssomelinesof title for eachstroke versionandoptionalreferences
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| mainnumber| specialversionname |

12318 | ENGINE PARTS W/CRUISE CONTROL (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| SVENGINEREARSUPPOR

Table5.4: Examplesof specialversions.

to up to five footnotes.Also, thereis a field which specifiesup to 20 specialversionmain numbers
which arein someway connectedo a stroke version. An examplefor this is a stroke versionfor an
antennaonnectedo the specialversionmainnumberf variousradiomodels.

Thefollowing table (5.5) givesan exampleof stroke versionsfor the rearenginespecialversion
shavnin thelasttable.It is alsoanexamplefor how multi-line text is storedwithin a databasé¢able.

\ mainno. \ strolevers.\ line \ stroke versiontitle \

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,CODEZ11 AND WITH PTO CODENO5/NO7
500004 07 0 | ONLY WITH AUTOMATIC TRANSMISSIONPOORROAD
500004 07 1 | VERSION,CODEZ11

Table5.5: Examplesof stroke versions.

As | wastold, oneproblemis thatthe six digit mainnumbersaregettingexhaustedSothestroke
versionsaremisusedo extendthe numberspaceandto packspecialversiongogethemvhich have no
relationship.

Stroke Version Inter val

Stroke versionsaredivided up into 10 intenals, usingsomekind of fixed aggreation. Thereareten
stroke versionintervals. Interval 1 containsstroke versionsl to 10, interval 2 stroke versionsll to
20,andsoon.

Theonly placewherethestroke versioninterval is explicitly usedis for partrecords A partrecord
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is attachedo aninterval anddescribeshetenstroke versionf theintenval in parallel. Seethesection
aboutspecialversionpartrecordsbelow for details.

SpecialVersionlmagesand Image Numbers

Specialersionimagesareusedsimilarto theimagesusedfor modelcataloguesSeetherefor details.
The tablesusedto storethe imageidentifiersand imagenumbersare called SA_BILDTAFEL and
SA_MAPS respectiely.

Part Numbers

The part numbersare usedexactly the sameway as describedor model catalogues.Seetherefor
details.

SpecialVersion Part Records(table SA_TPOS)

This is the main objecttypein the specialversioncatalogues A partrecordis attachedo a stroke
versionintenal using the primary key attribute INTERV. A part recorddescribesf andin which
amounta partnumberis usedwithin the stroke versionscontainedn thatintenal. This association
is similar to that betweenmodel part recordsand models. The string attribute ALLE_ MENGEN
containsten 3 digit amountdor eachstroke version. This correspondso the associatioribuilt into’
shavnin thediagram.Again, think of thatasa matrix for eachintenal, wherestroke versionsarethe
columnsandpartrecordsherows.

As within modelcataloguesa runningnumberis usedto distinguishbetweenpartrecordscon-
tainedin thesameinterval. Two flagstell whetherthepartrecordis valid for vehicleswith left or right
handdrive.

Replacementf partsandinterchangeablpartsarehandledthe sameway asfor the partrecords
for models.

A specialversionpart recordmay also specify a part from a model catalogwhich is not built
into a vehicleif it containsthe respectie specialversion. The sensebehindthis was, that one has
to remove somepartsto build in the specialversioncomponent. This partsremoval is the reason
why the distinct documentatiorof modelsand specialversionsis alsocalledthe 'positive-neative’
documentatiomethod. Themodernpartauthoringsystemgustmodelavehicleasanabstracthassis
into which alternatecomponents&ndsubcomponentsanbe build.

SpecialVersion Footnotes

The footnotesfor specialversioncataloguesre organizedthe sameway asthosefor regular model
cataloguesSeetherefor details.

5.2.6 ConnectionsBetweenModels and SpecialVersions

Classdiagramb.4 shavs the connectionbetweermodelcatalogobjectsandthe stroke versionscon-
tainedin specialversioncatalogues.

Therearetwo independentlymaintainedconnections:The table SA_ VERNENDUNG (special
versionusagelists all specialversionsusablewith a constructiongroup. This tableis fed with data
containedn modelcataloguesin fact,the datais containedn a footnotehaving the magicfootnote
number999. Anothertable,SA_UBM, lists all vehicle or aggrejate modelsa stroke versioncanbe
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<<t abl e BAUMUSTER>>
Model

Model Type type

Strinalll]l description %

- .
can be used within <<table SA TITEL, field STR CH AUSF>>
SA_UBM St rokeVersion
- String[] title

<<table KG field KG> 0..1 useabl e special versions *

Const ructionGroup

R . SA VERVWENDUNG
String[] title =

Figure5.4: Connectiondbetweermmodelcataloguesindspecialversioncatalogues

built into. Thattableis fed with datafrom the specialversioncataloguesnputfile. The setof models
for astroke versionis codedinto theattributesBR andUBM. Theformeridentifiesthemodelline and
thelatteris a string containinga list of modelsor modelranges...BIS..!, where’BIS’ is germarfor
'to’. Example:BR=730,UBM="409411BIS413414".The UBM field cansometimese very long,
e.g.morethan200characters.

5.2.7 SupplementaryTexts

The supplementaryext classis shavn on the classdiagramsof bothmodelandspecialversioncata-
logues.

Its associatedable BEITEXT containsa line of text in eachlanguageidentified by a special
attribute ADR_ERG_TEXT This attribute sometimedegins with the constructiongroupwhenthe
text is constructiorgroupspecific. It alsocontainsa julian datewhich tells whenthe recordwaslast
changedr whenit wascreated A supplementartext canbeeverythingwhichmakessensdor apatrt.
It may for examplebe a more precisedescriptionof the part,a conditionfor its use,or a description
whereit’ s built-in. Someexampledollow:

AUTOMATIC HEATING (BURLED WALNUT)

DIVIDED LENGTHWISE

TRITON GREY

USEDWITH HITCHING MECHANISM

USEDWITH "EXCLUSIVE" LEATHERTRIM, LEFT
USEDWITH CENTRAL LOCKING MECHANISM, LEFT
UPTO THE END OF MODEL YEAR '91

ONLY APPLICABLE TO VEHICLESEQUIPPEDWITH ONE OF THE FOLLOWING SAS:
FROM PUMPHOUSINGTO CARRIERASSEMBLY
SCREENINGPLATE TO CYLINDER HEAD COVER

MUST NOT BE EXCHANGED INDIVIDUALLY
FIRSTEXHAUST STOCK OF OLD PARTSUP TO IDENT NO.

Supplementaryexts areloadedinto the databasérom a separatdile. Very few supplementaryexts
areextractedfrom modelor specialversioncataloginputfiles. Seenext sectionfor informationabout
how datais loadedinto StarDB.

5.2.8 Conversionof LegacyEPC Datato StarParts Database

This sectiondescribeshow datais currently corvertedand loadedinto the StarRartsdatabase.The
cornversiondescribedereis basedn several’GNU Awk’ scripts.Awk is alanguageadesignedespe-
cially for processingf textual data.
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It is plannedhatthecorversionprocesss switchedoverto usingJavaprogramsn thenearfuture.
Diagram5.5 shavs theinputfiles, programsanddataflows of the corversionprocess.

input Files

model
catalogues

supplementary
texts

special version
catalogues

image
gl maps

image
4| references

images
files

conversion
Awk scripts

database postprocessing
tables within database
model catalogs
(KATALOG)
models
(BAUMUSTER) st
model-to-mode!
(AGG_FGST+FGST_AGG) ‘ qu_el
— sition
temporary: mode! positions

po!
(BM_POS)

construction groups
(KG)

image group titles ‘

(BT_NAME_X)

part records
(TPOS)

footnotes
(FUSSNOTE + FUNO_TAB)

constr. group—to—stroke version
(SA_VERWENDUNG)

supplementary texts
(BEITEXT)

specia versions
(SA_BEN)

stroke versions
(SA_TITEL)

determine

image

special version-to—-model

rou
(SA_UBM) group

sp. vers. part records
(SA_TPOS)

sp. vers. footnotes
(SA_FUSSNOTE+SA_FUNO_TAB|

image numbers
(MAPS)

Sp. vers. image numbers ‘

image identifiers
(BILDTAFEL)

(SA_MAPS)

sp. vers. image identifiers
(SA_BILDTAFEL)

do_copy.cmd

shell script

image directory structure

\
directory per catalog

images
files

Figure5.5: Inputfiles, programsanddataflows for corversionof EPCdatato StarRirtsdatabase

Thereasorwhy the Awk script’kat.awk’ is drawvn threetimesis thatit’s invoked separatelyor
eachmodelandspecialversioncatalogfile, andfor thefile containingsupplementaryexts. Placingit
only onetimemightincorrectlysuggesacoordinatiorbetweennputfiles. Thearrav fromthecatalog
conversioninvocationgo the supplementaryext tableis dottedbecausét is usedvery seldom.
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Synchronizatiorof inputfilesis achieved simply by anassumptionit is assumedhatinput files
which areavailableat the sametime aremutually consistent..

Beforedatais fedinto theonline StarNetvork databaseatemporarydatabasés loadedo seef the
input datawasohviously incorrector inconsistenor if somethingvasbrokenduringthe corversion
processNotethatthe Awk scriptsdo not directly feeddatainto a databasehut insteadust generate
importablefiles.

The datacollectedfrom all typesof inputfilesis alwaysa full snapshobf somecatalogue®r of
the supplementaryexts. Almost alwayssomeprimary keys have changedetweersnapshotsThis
is becausemnostof the keys containline numbersandotherrunningnumbers.Soin orderto fed the
new datainto thedatabaseall recordsbelongingto thechangedataloguesvill bedeleted andin the
samdransactiornthenew recordsareinsertednto thedatabaseThedatavolumeof suchatransaction
is about10-100MB.

Thenext sectiongdescribehe cornversionprocessewith moredetail.

Model Catalog Conversion

Diagram5.6 shavs how amodelcataloginputfile is structuredandwhich sectionsarefedinto which
table(s).

model catalogs
KATALOG
model catalog ( )
temporary: model positions
|7 catalog record | (BM_POS) set model
del d models position
2 model recor <
(BAUMUSTER)

model—to—model
(AGG_FGST+FGST_AGG)

2 model record

8 construction group record \
- - - - \ construction groups
9 start of image group tag with1-5 image file no. (KG)
9 part record
9
9 part record part records
. (TPOS9)
9 start of image group tag with 1-5 image file no. ~
9 part record A supplementary texts
9 (BEITEXT)
9 L.
A footnote record ‘ footnotes
A (FUSSNOTE + FUNO_TAB)
A footnote record <
constr. group—to-stroke version
8 construction group record (SA_VERWENDUNG)
8/9/A ... ... ..
8/9/A ... ... .. image group titles
(BT_NAME_X)

Figure5.6: Conversionof modelcatalog

Thenumberon theleft of eachinputrecordis therecordtype* asdefinedwithin the MB internal
documentinterfaceELDAS to EPC” [ELD97]. Every modelcatalogbeginswith arecordtype’7’,

The germanabbreiation usedfor recordtype is SA=Satzart.Unfortunatelythis is the sameasthoseusedfor special
versionsSA=Sonderausstattunghis canbe confusingwhenreadingMB internaldocuments.
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which containsall necessarynformationfor the modelcatalogtable (KATALOG). Theinformation
aboutthe position for eachmodel within part record$ is also containedhere, so an intermediate
temporarytablecalledBM_POSis usedto storeit (whichis notreally necessary)Thedatafrom this
tableis latertransferrednto the modeltableusingSQL, asshavn by thearrav 'setmodelposition’.

After thatinitial record,severalrecordstype’2’ follow. The datafrom theseis loadedinto the
modeltable(BAUMUSTER).If thecatalogs for chassisnodels thechassido aggr&atemappinga-
bleFGST_AGGisfilled. Else,datais suppliedto theaggreateto chassisnappingtableAGG_FGST

Therecorddollowing themodelrecordsaredividedup into constructiorgroups.Every construc-
tion groupstartswith a recordtype '8, which containsjust all the datafor the constructiongroup
table.Whatlucky chance..

Thepartrecords(type’9’) within a constructiorgrouparefurtherdividedup into imagegroups.
Thestartof animagegroupis definedby arecordcontainingaspeciaflagandl-5imagefile numbers.
The first oneis storedinto the imagefile numberfield BT_NR® of all the following part records
corverted. Theimagegroupidentifierfield TU of the partrecordsis laterfilled in usingthisimage
numbercombinedwith the datacontainedn theimagereferencefile.

Very few partrecordscontainsomeadditionaltext. In thatcasea uniqueaddresss generatedor
thattext with which it canbeloadedinto the supplementaryexts table.

Within eachconstructiorgroup,footnoterecordgtype’A’) arefollowing afterall thepartrecords.
Eachfootnoterecordcancontainseverallines of text. Thisis why theline numberingn thefootnote
databaséablesis split up amongtwo columns:The first one,namedFN_FOLGE takesthe running
numbercontainedn eachfootnoterecord,thesecondnamed-N_ZEILE, countsthelinescontained
in onefootnoterecord.If afootnoterecordhasa specialstartmarker, all footnotesfollowing thatare
groupedogetherto form a tablefootnoteuntil afootnoterecordwith anendmarkeris reached.

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

SpecialVersion Catalog Conversion

Similarto themodelcatalogcorversion diagramb.7 shavs how a specialversioncataloginputfile is
structuredandwhich sectionsarefed into which table(s).

The structureof the file is similar to that of model catalogfiles. Eachspecialversioncatalog
startswith a recordtype’6’, from which datais fed into the specialversionstable SA_BEN. After
that, several recordstype 'C’ describingstroke versionsfollow. Theserecordscan either contain
modelidentifiers,in which casethatinformationis fed into the specialversionto modelmapping
tableSA_UBM, or title data,whichis loadedinto the stroke versiongableSA TITEL.

Supplementaryext is extractedfrom specialversion part recordsas from model catalogpart
recordsandfootnotesareevaluatedthe sameway asthosefor modelcatalogues.

Supplementary Texts

Most supplementaryexts are loadedfrom a separatdile. This file containsonly type’'5’ records
containingthe supplementaryext in all supportedanguagesTheserecordscontainalsothe dateof
lastchangeor creationasa 5 characteduliandate’YYDDD’ ...

2Seesectiondescribingpartrecords
3notto be mixedup with theimagenumberattribute BILD_NR.
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special versions

special version catalog (SA_BEN)

\6 special version catalog record \ Sroke versions

C  stroke version record (SA_TITEL)
specia version—-to—-model
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C  stroke version record (SA_UBM)

part record sp. vers. part records

(SA_TPOS)
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part record

supplementary texts

E footnote record (BEITEXT)
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E footnote record

sp. vers. footnotes
(SA_FUSSNOTE+SA_FUNO_TAB

Figure5.7: Corversionof specialversioncatalog

Image Maps

Imagemapfiles are producedvhenthe enclosingrectanglesandimagenumbersof partsshavn on
imagesaredetectedvith somekind of specialOCR software(mentionedn 3.1). Theimagenumbers
areextractedfrom theimagemapfiles andstoredinto oneof thetablesMAPS or SA_MAPS.

Currently theimagemapsarenot used. They weregeneratedlirectly by the OCR software,so
themapsreflectedhe automaticallydetectedmagenumberdoundon theimages andnot thosethat
werecorrecteddueto manualreview.

Image References

Imagereferencediles containalist of imagefiles andimagefile numberaisedby acatalog.lt is used
to fill theimagereferenceaable BILDTAFEL andto createa scriptwhich will copy theimagefiles
needednto thedirectoryusedfor thatcatalog.

The imagefile numberis also storedinto the databasebecauset will later be usedto fill the
imagegroupidentifier field TU of the partrecords. The next sectioncontainsan exampleof these
imagereferencdiles.

Image Files

arejust copiedto the appropriatdocationby the scriptcreatedvhentheimagereferencediles were
evaluated.

Note about Data Consistency

Duringuseof theStarRirtsapplication datafrom differenttabless joinedtogethemusingSQL queries.
If datadoesnotfit togetheyit normallywill beomittedfrom theresultsetsof thesequeries.Soif data
is currentlyinconsistenbr missing,someparts,images specialversionsfootnotes, .. mightnotbe
accessibleo the user withoutary specialnotificationaboutthatfact.
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5.2.9 Statisticsfor EPC Database

Currently thereareabout3000modelcataloguesindabout12.000specialversioncataloguesvail-
able. About 1200modelcataloguesrecreatedor Europe,occupying abouté GB, sothetotal size
of the EPCdatabaseanbe estimatedo be about15 GB. The total numberof imagefiles is about
100,000(aboutl GB).

Thereferencenstallationl usedcovers130modelcataloguesind773specialversioncatalogues.
Thetotalnumberof specialversionsoundin theSA BENTtableis about3580,but mary containonly
somenotelik e 'seestandardnicrofiche’in theirtitle.

The size of this referencedatabases about300 MB when storedwithin a MySQL database.
Storingthe datawithin anDB2 or Oracledatabas@eccupiesetweer-3 timesthis space.

The following tableshov somestatisticsfor the modelcataloguesThe minimum, average and
maximumcountsarepermodelcatalog.

| entity | total[ min| avg| max]| size(MB) |
catalogues 129 - - - 0.005
models 1215 1 9 40 0.6
constructiorgroups| 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 -
tablefootnoted= 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 'tablefootnotes!= 1’ will be explainedin the next section. One shouldknow that aggre-
gatemodelcataloguesremuchsmallerthanthosefor chassisnodels. Aggregatemodelcatalogues
containl-2 constructiorgroupsfor axisor transmissionmodels,andabout10-15for enginemodels.
Chassisnodelcataloguegsontainbetweer20 and50 constructiorgroups.

Table5.7 shaws statisticsfor the specialversioncataloguesl omittedthe minimumandaverage
valuesfor thespecialversioncataloguessthey arenotvery meaningful. Thisis becausenary special
versioncatalogueslo not containall typesof entities.

Thetablesshav thatthe specialversioncataloguesremuchsmallerthanthe modelcatalogues.
Table 5.8 shaws the sizesof the mappingtablesbetweenthesetwo catalogtypesand betweenthe
differenttypesof models. The mappingsbetweenchassisandaggregjate modelsare very small, but
thosebetweermmodelsandspecialversionsarequitelarge.

Theimagefiles for the catalogues thereferencenstallationoccugy aboutl10MB whenstored
in onedirectoryper catalog,andonly 65 MB wherestoredin onedirectory (redundanimagesre-
moved). Oneimageis 10 KB onaveragethesmallesimagein thereferenceanstallationwas1.7 KB,
thebiggest36 KB.
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| 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
aggreate-> chassis 7339 0.7
constr group -> stroke version| 187370 8
stroke version-> model 40729 3

Table5.8: Sizesof crossreferencdables.

Last but not least, the supplementaryext tableis about26 MB, and containsabout120,000
records But thesecountsdo notincreasevhenmorecataloguesreinstalled.

5.2.10 Impr oving the Data Structuresand Conversion Processes

Impr oving ConsistencyBetweenCataloguesand Images

Theimagefile numbergBT_NR) areusedafter the corversionof a modelcatalogto determinethe
imagegroupa partrecordbelongsto. Thefollowing table5.9 givesan exampleof sucha mapping,
containedn thementionedmagereferencefiles.

| Imagefile number(BT_NR) | 01 | 02 | 03 | 04 | 05 | 06 | 07 | 08 |
| Imagegroup(TU) | 517 | 530 | 545 545 545 | 560 | 580 | 590 |

Table5.9: Examplemappingcontainedn imagereferencefile.

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

As thecorversionis currentlydone thefirstimagenumberof eachimagegrouptagis storedinto
eachof the following partrecords. After the referencdfile is loadedinto the imagereferenceable
BILDTAFEL, theimagegroup(TU) of eachpartrecordis initialized with the TU foundin this table.

Now, asalreadymentionedthereis a synchronizatiorgap betweerntheimagescomingtogether
with thereferencdiles from the RGBG systemandthe partscataloguesomingfrom eitherELDAS,
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| originaltag | assigned'U |

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

51

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

MAD, or Bell&Howell. Sometimesimagegroups(TUs) in the catalogarerearranged\We consider
asanexampleherethat’560’ wasdeletedand’595’ wasnewly appendedNotethatrearrangements
in suchwaysdo actually happen. The following table5.11 shawvs, howv TUs arewrongly assigned
whenthe old referencdableis used. This hasno immediatenoticeableeffect, ase.g. anunassigned
imagegroup(TU) would be.

| originaltag | correctTU | assigned’U |

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

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

Now, (nearly)every constructiorgroupcontainsa tablefootnotenumberone. This footnotecon-
tainsalist of all imagegroupsalongwith theirnamedoundin thatconstructiorgroup.As obsenred,
these@magegroupidentifiers(TUs) arestableamongsuchrearrangement3.hefootnotesareupdated
correctly Extractingtheimagegroupidentifiers(TUs) from thatfootnoteswill increaseconsistenyg,
asversionerrorslike thatdescribedabose arenow detectable.

But, | wastold thattherearetwo argumentsagainstthis. The first onewas, that this featureis
undocumentedSecondtherearesome but very few, constructiorgroupswithout a footnotenumber
one.

| don't think thattheseargumentsarejustified,becaus®f thefollowing reasons:

e Theremustbesomereasorthatthis footnoteis containedn nearlyall constructiorgroups.and
thatthesefootnotesare carefully maintained Sincethis featureis apparentlyusedby someone
(maybeBell&Howell ?), someondasto completethe documentation

e Theawk scriptimplicitly extractstheimagegroupnamegstoredin the BT _NAME_X tables)
from thesefootnotes.SinceStarRartsincludesthesein ajoin operationusingthe currentcon-
versionprocesghe imagesfrom constructiongroupswithout the footnote#1 will be omitted
silently!
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e Thosefew constructiongroupscontainingno footnote#1 canbe repairedeven manually But
it would be betterto determinewhy thoseconstructiongroupslack this footnote,and, where
necessaryix it in the standarcahuthoringprocess.

Detectingversioningerrorsif only the imagesitself are modifiedis difficult. But inconsistencies
producedby thesearenot asworseasusingthewrongimagesJike shavn in the exampleabore.

ReducingDatabaseSizeby Removing UnreferencedFootnotes

This again affectsthe footnotenumberone. All informationcontainedn thosefootnotess extracted
to theimagenametableswhich storetheinformationin amorecompacform thanthefootnotes.The
footnotescontainmary emptylineswhich arealsostoredwithin the database.

The footnotes#1 areseldomreferenced Of 2,000constructiongroups,a footnote#1 wasrefer
encedonly within 5. Thequestions, whetherthesereferenceareactuallycorrect,sinceit makesfew
sensdo referencehesefootnotesfrom a partrecord.

Remawing theseunreferencedootnotesfrom the FUNO_TAB tablein our referencdnstallation
of aboutl30cataloguesavedover 100MB space 92%of thespaceoccupiedby thattableand34%
of the sizeoccupiedby thewholedatabasé

I couldnt figure out ary reasonwhy this shouldnot scaleup to about2.2 GB saved spacefor
all 3,000partscataloguesThis wastedspacemight not hurt muchfor the main databasendMLC
databasedyut it doesfor alocalinstallationat a dealers or workshops site.

Avoiding the Renamingof Table FootnotesBetweenReleases

In the original versionof the corversionscript, the groupingnumber(BLOCK_ZAEHLER) used
for table footnoteswas just one running numberfor the whole catalog. This was badfor change
detectiorandthegeneratedpdatessincetheinsertionor deletionof tablefootnotesaffectsall records
following thatmodification.

Sol modifiedthe awk script(just 2 lines) to usethe first footnotenumberin a tablefootnoteas
groupingnumber This alwaysworksandproducesstablegroupingnumbersamongreleases.

ReducingSpaceOccupiedby Image Files

The imagefiles are currently storedin one directory for eachcatalog. This producesabout40%
overheadsincemary imagesaresharecamongseveralcatalogues.

5.2.11 ChangesBetweenReleases

This sectionillustratessomeof the more complex changesetweenreleases.Thesechangesvere
challengingor theanalyzettool, asthesechangesirethereasorwhy heuristicshadto beintroduced
to detectchanges.

Simple Example for Update of Part Records

Table5.12 shows a quite amusingexampleof part recordsthat were obviously renumberedust for
fun. Betweenthe unchangedecords4000and 4800, the part recordswere assignechew running
numbersandthe codeconditionfield of oneof therecordswasupdated.
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‘ nr. ‘ partnumber ‘ description ‘ code ‘ FN1 ‘ FN2 ‘ all quantitieALLE_MENGEN) ‘
4000 | A 1703210004| FRONT SPRING 2 -1 002002002002002002002@@2nul. .. nul
4500 | A 2103211204 FRONT SPRING 2 4 002002002002002002002@@2nul. ..nul
4550 | A 2023211804 FRONT SPRING 2 4 002002002002002002002@@2nul. ..nul
4600 | A 2103211404 FRONT SPRING 2 -1 002002002002002002002@@2nul. ..nul
4800 | A 2023211504 FRONT SPRING | 482 2 -1 002002002002002002002@@2nul. ..nul

Waschangedo thefollowing in thenew release:

‘ nr. ‘ partnumber ‘ description ‘ code ‘ FN1 ‘ FN2 ‘ all quantitieALLE_MENGEN)
4000 | A 1703210004| FRONT SPRING 2 -1 002002002002002002002@@M2nul. .. nul
4100 | A 2103211204 FRONT SPRING 2 4 002002002002002002002@@M2nul. .. nul
4200 | A 2023211804| FRONT SPRING | -488 2 4 002002002002002002002@@2nul. . . nul
4300 | A 2103211404| FRONT SPRING 2 -1 002002002002002002002@@2nul. .. nul
4800 | A 2023211504| FRONT SPRING | 482 2 -1 002002002002002002002@@2nul. .. nul

Table5.12: Exampleshaving runningnumbersf partrecordschangingbetweerreleases.

The partrecordsshavn arenot complete;a full partrecordcontains45 attributes. | will explain
someof thefieldsto give anideahereof whatpartrecordsare: The attributesFN1 andFN2 aretwo
from the six referencdieldsto footnotes.Thereferencedootnotenumber2 is a tablefootnotelisting
pointsfor specialversionswhich onemustaddon to ascertairthe front springs. The footnoteis too
big to be shavn here,but it e.g. saysthatyou have to addon 8 pointsfor an air conditionerand 3
pointsfor anautomatidransmissionThefootnotenumber4 saysjust 'Vehicles,Australia’. As you
canseein the all amountsfield, the front springsare build two timesinto all the 9 vehicle models
this catalogis valid for, whichis not very surprising.The newly introducedconditioncodeexpresses
thefactthatthis front springis not built into vehicleshaving the 488 distribution codewhich means
'sportytuning’. This codecanbefoundfor the respectie sportytunedcarsin thevehicledatacards
from the FDOK database.

Reorganization of Images

As alreadymentionedimagegroupsandimagesaresometimeseomganized.Thefollowing table5.13
shaws the imagefile numbergdBT_NR) andimagegroupidentifiers(TU) containedn construction
group82 of threereleasesf themodelcatalog'45H'.

Theimagefile number(BT_NR) 99 is apparentlyusedif someimagesarenotyet available. The
correspondingmagenumber(BILD_NR) fields were setto '—' to expressthe fact that the part
recordsarenotshavn onary image.

Betweenthe first two releases330 part recordsof about1000in that constructiongroupwere
updated.Dueto the reomganization,the runningnumbersof 220 partrecordswere changedasthey
weremovedto new locations.

Adding New VehicleModels

As it cangetonly worse,betweenthe secondandthe third releaseof the last example,5532 part
recordsof all 8632containedn thewholecatalogwereupdated.Thishappenedecausenexvy model
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| February | '98 || March | ‘98 || may | 08 |

|BTNR [ TU[[BTNR | TU [[BTNR [ 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: Reoganizationof imagegroups(TUs) betweerreleases

was introducedwithin that catalog. Of course,all ALLE_MENGEN stringshadto be updatedto
reflectthefactthatthe partsarebuild into thatnenv model.

It happenslso,thattheassignmentf modelsto catalogueshangesWhena catalogs full, it will
besplit, andtherespectre modelsthataremostsimilar areput togetheiin oneof the new catalogues.

This mustalsobe consideredvhendesigningthe subsetgor the EPC databasebecausehe as-
signmentof modelsto cataloguess notfixed. If vehiclemodelswould be usedfor subdvision, such
areassignmeniould alsoaffectthe subdvision rulesof thedatabaseyhichintroducesanadditional
compleity. An approaclof subdviding the EPCdatabaseavill bedescribedn section5.2.15.

Updating Table Footnotes

Tablefootnotescanhave up to 100 lines for eachof the 6 languages.Soif aline is insertedat the
beginningof atablefootnote,all 600linesfollowing thatmayhave to be updated.

5.2.12 Updatesto Images

| alreadymentionedthat the imagesare not storedin the databasehut in the filesystem.An image
maybesharedamongseveral partscataloguesWhen&er animageis revised,a new versionwith a
differentfilenameis created.Theimagefile formatcompressesgery well; in fact,trying to compress
animagewith 'gzip’ or 'bzip2’ may malke it slightly larger. For thatreasorandbecausehe binary
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dataof the new versionof animagehasnothingin commonwith thatof theold version,| decidedhot
to implementa changedetectiorfor images.

| alsodo not generateSmartUpdatesfor images. After the databaseipdatego the imageref-
erencegablehave beenapplied,the targetnodecandownloadtheimagesthatare newly referenced
from the sourcenode.In anenhance@pproachthe sourcenodewould sendthe necessarimageso
thetargetnodein adwance.

Thereareotherapproachefor selectinga stratgy of distribution andlocal cachingof imagesas
well: For nodeghathave apersistenbnlineconnectionit makessensdo loadtheimagesondemand.
Anotherpossibleapproacimight be to storeonly thoseimageslocally thatbelongto the mostused
constructiorgroups.It will beno big problemwhenanimageis neitherocally norremotelyavailable
dueto a network or remotesener outage sincethe StarRairtsapplicationcando without the missing
image.

5.2.13 Using TimestampReplication

As shawvn in the previous chaptey mary changesredonein a’verticalmanner’,dueto therunning
numbersusedfor partrecordsfootnotelines,andimagefile numbersIf onewould assigrtimestamps
only to recordsthiswould leadto anexceedinghumberof changedecords.But somestepscouldbe
undertalenwhich would softenthis.

A uniqueidentity is neededvhentimestampreplicationshouldbe effective. Elsethe moving of
recordswould resulteitherin two delete,insert,or updateoperations.The following stepsdescribe
how the EPCdatabaseouldberedesignedo allow a not-to-inefective timestampreplication.

e Partrecordscouldberedesignedo geta uniqueidentity. Theanalyzertool canhandlethis, as
it is ableto matchthe new partrecordsandfootnotescomingwithoutidentity to theold records
in thereferenceablewhich thencontainanidentity attribute.

e Therunningnumber(LFD_NR)andimagefile number(BT_NR) fields of partrecordsshould
not be replicated,asthey are not really needed. The StarRarts applicationcan sort the part
recordsby theimagenumberBILD_NR) field, whichresultan averysimilarorderasproduced
by usingtherunningnumber(LFD_NR).

e Two timestampshouldbeusedfor partrecordspnefor the’all quantities’(ALLE_MENGEN)
field, andonefor therest.

e Footnotelinesarealsoredesignedo geta uniqueidentity. Two separatg¢imestampspnefor
all the line numbersandonefor thetext field, shouldbe used. If lines areinserted,only the
changedine numberswvould have to betransmitted.Theline numberscant be omitted,since
thentheorderof linescouldnotbe determinedy the StarRirtsapplication.

e Recordamustnot be deletedmmediatelyfrom the databaseasthentheinformationaboutthe
deletionis lost. Insteadthey would have to be flaggedasdeleted,andthe timestampmustbe
updated.

e Somedatabaseriggerswould have to be introduced(only within the StarDB)to handlethe
updatedo recordsn tableswith two (or more)timestampssincethedatabaseormallyupdates
only onetimestampautomatically
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By redesigningthe datastructuresthis way, a bug in the currentimplementationof StarNetvork
would alsobefixed. StarNetvork usesthe runningnumberof partrecordsin its shoppingdist which
is saved betweensessionslf the runningnumberof a partrecordis changedetweenwo sessions,
theshoppindist containgnconsisteninformationwhich mayleadto unpredictableesults.

Thenext sectioncontainssomeupdatesizeswhichallow estimatinghetransmittecamountsusing
thisreplicationtechnique.

5.2.14 Sizesof Updatesto EPC

This sectioncompareseveraltechnique®f representingipdatesuy the sizeof the changeghatare
produced.Theinformationfound herewastakenfrom the history of catalogandimageupdatedhat
wasmaintainediy debissinceMarch1998.

Model Catalog Updates

Within the 6 month betweenMarch and Septembef 998, about1,950 model cataloguesvere up-
dated. Thetotal compressedizeof thesecataloguesvasabout230MB. | selectech smallersubset
containingdifferenttypesof catalogueso testthe analyzertool andestimatehetotal sizeof updates
for all cataloguesTable5.14shavs the selectedcatalogueshow oftenthey wereupdatedwithin the
6 month,andthetotal sizeof updatesusingdifferentmethoddor representingipdates.

’ catalog ’ avehicle/aggrgatemodel ‘ #updates‘ snapshot‘ recordbased‘ SmartU pdates‘
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]ruck 4 1461KB 311.7KB 103.5KB
35A | Sprinter208D 7 1860KB 194.1KB 96.3KB
44V | C180,Sedan 8 3678KB 466.0KB 167.0KB
45H | C180,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: Compressedizesof updatego selectednodelcataloguesisingdifferentmethods.

All sizesin thetablesarefor compressedatarespectiely updatesthe sizesfor uncompressed
dataor updatesare20-25timeslarger.

The snapshot’column tells how muchdataonewould needto transferif the whole catalogwould
betransmittedvheneerit waschanged.

The 'recordbased’column tells how big the updatesare if whole recordsare transmittedwhen-
ever they arechanged.This includesrecordsmarked aschangediueto relocationof records
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(changesn the primarykey fields). This sizeis anestimatefor the sizeof updategransmitted
whenusingtimestampreplication.

The 'Smart Updates’ column containsthe sizesof the updateghat are currentlygeneratedy the
analyzettool.

Basedbonthesizesin table5.14,thetotalamountof updatedor the six monthandtheaverageamount
of updategperweekwasestimateqtable5.15).

\ | snapshotg recordbased| SmartUpdates|

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

Table5.15: Estimatecdcompressedizesof updatego all modelcataloguesisingdifferentmethods.

Theseestimatedsizesarequite small,but it hasto be consideredhatrevisedcataloguesrecur
rently releasednly every few monthg. This might be suficient for the CD distribution, but it will
probablyhave to be changedor onlineaccessvith StarNetvork or for distribution via PAID, aselse
the cataloguesrealreadyoutdatedvhenthe updatesaregenerated.

Whencomparingtherecordsupdateapproactwith the SmartUpdateapproachthe plannedcon-
versionfrom the new authoringsystemsackto the EPCformathasto be consideredRelocationof
recordswill thenhappermrmoreoftenthancurrently sothe updateghatarerecordbasedwill become
muchbigget

SpecialVersion Catalog Updates

Thetotal amountof specialversioncatalogsnapshotén the six monthmentionedabore wasabout
70 MB. Thesizeof thegeneratemartUpdatedor those70 MB is only about5 MB. Sincespecial
versionsarenot usedfor new vehiclesarymore,|l don't expectthis sizeto increase.

Images

Imagesthatwererevisedor newly createdaredeliveredin archive files togethemwith the mentioned
imagereferencdiles. Table5.16 shavs the numberandtotal sizesof changedmagesbetweenviay
andSeptembel998perarchiefile.

The 'for days’ columntells for how mary dayschangedand new imageswere gatheredfor an
archvefile. Theaverageamountof new andupdatedmagess 3.3MB perweek.

5.2.15 Subdividing the Databasefor PAID

SincePAID doesonly install somesubset®of the datalocally, a goodway of subdviding datahasto
befound. Therequirementsor subdvision arefoundin sectiord.4.5describinghe SmartUpdates.

It isimportantto mentionherethattherearetwo differentviewsto thesubdviding of data,namely
the users view andthe systems view. The usermustnot be confrontedwith ary detailsabouthowv
datais divided up into subsets.This sectionis split up into a partdescribingthe systems view, one
for theusers view, andonedescribinghow to generateheformerfrom thelatter.

“Thecataloguein table5.14wereselectecbecausehey werereleasednoreoften.
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archi/edatel for days‘ numberl total size

1998-05-08] 33 | 1707 [ 16.7MB
1998-05-23| 15 461 | 4.5MB
1998-0530] 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 | 15MB

| total | 146 | 6907 | 675 |

Systems View on Subdividing EPC

Table5.16: Numberandtotal sizesof nev andchangedmages.

Classdiagram5.8 shavs how the EPCdatabasés dividedupinto subsets.

EPCSubset

+EPCSubset get EPCSubset
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+String get Catal og

EPCSuppl enment ar yText

+String getldentity

EPCSpVer sCat al ogSt at

EPCSpVer sCat al ogDyn

EPCMWbdel Cat al ogDyn

EPCMbdel Cat al ogSt at

+String getldentity

+String getldentity

+String getldentity

+String getldentity

Figure5.8: Subsetof EPCdatabase

Eachmodelcatalogandspecialversioncatalogconsistf two subsetsa'static’anda’dynamic’
one. Thisis becaus& nodeprobablyneedsearlyall staticsubsetsbut fewer of the dynamic. This
is becaus¢heformerareneededor themanualvehicleidentificationandfor generatinghe systems

view from theusers view.

The static subsetof a model catalogcontainsthe datafrom the tablesKATALOG, MODEL,
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FGST_AGG,AGG_FGSTandSA_VERWENDUNG. As alreadydescribedthesetablescontainthe
informationaboutthe area,vehicle classesand modelsa catalogis usedfor, the mappingbetween
chassisand aggregate models,and information aboutwhich specialversionscan be usedfor each
constructiorgroup.

The static subsetof a specialversion catalogcontainsthe tablesSA_BEN, SA_TITEL, and
SA_UBM, containinginformation aboutthe areaand vehicle classesa specialversionis usedfor,
the possiblestroke versionsof a specialversion,andthe modelsthesecanbe usedfor. Thesetables
aresolelyusedto computethe systems view from the users view.

Thetablesof the staticsubsetsireall relatively small,soit won’t hurtto install mostof this data
locally on eachnode. The dynamicsubsetf the cataloguegover all the othertables,anddepend
onthestaticsubsetsThe EPCSupplementargXt subsetefersto thetableBEITEXT, andis needed
assoonasat leastonedynamicsubseis installed,sincethentherearepartrecordsreferringto that
table.

Classdiagram5.9 shaws, how thelocal datadescriptionfor selectingandcustomizingthe Smart
Updatess represented.

.. updates. Local Dat aDesc ... updat es. Want edSubset sDesc
want ed new data
+voi d setLocal Data +bool ean | svént ed
+Dat aSubset get Subset
+long firstTime
+voi d addSubset current data s |—= updat es. Dat aSubset
+voi d updat eSubset +long version
+void debugPrint +String getldentity

+String toString
+i nt hashCode
+bool ean equal s

4 EPCWANt edCat al ogues
EPCLocal Dat abDesc +String vehicl ed asses
EPCSubset +String areaCodes
+bool ean[] | anguages . )
+String[] nodel Li nes
+bool ean accept +EPCSubset get EPCSubset +bool ean i s\ant ed

Figure5.9: Local datadescriptionof EPCdatabase

The EPCSubseis a subclas®f thegeneraDataSubsetlass.Thelocal datadescriptioncontains
an additionalfield 'languages’which tells which languages nodewantsto use. Using only one
languageinsteadof all six currently supportedoy EPC saves about33% spacé. The customized
updatesaresmallerfor only onelanguageswell.

If new cataloguesareintroducedthe EPCWantedCatalogueshjectassociateavith thelocal data
descriptionLocalDataDesdaells whethera local nodewantsto get the updatesinstalling the new
catalogues.Only the areaCodesind vehicleClassesttributesare evaluatedfor the static subsets.
Additionally, the modelLinesattribute specifywhich dynamicsubset@arerequested.

The division into staticanddynamicsubsetsalsoenablesa notificationof new modellinesthat
areintroduced sincethe staticsubset®f the correspondingataloguesreinstalledautomaticallyif
they fit into the selectedhreaandvehicleclasses.

It is importantthatthe versionsof the staticanddynamicsubsetsnatch,sincee.g.the positionof
amodelwithin in the partrecordamayhave changedetweeneleaseslt is thereforamportantnotto
mix remoteandlocal acces®f staticanddynamicsubset®f the samecatalog.The StarNetvork ap-

SWithoutthe removal of the'footnotes#1’ mentionedearliet this savesabout48%space.
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plicationmayaccesshestaticsubsetsocally for manualvehicleidentification,but for partsretrieval,
it mayonly accesshestaticsubsetocally if thedynamicsubseis installedaswell.

Maybetheideaof a staticanda dynamicsubseshouldbe droppedn favor of justinstallingthe
appropriatelataneededor manualdentificationandto determingheneededataloguesedundantly
But notethatthis is equivalentto notallowing theaccesgo the staticsubsetsor partsretrieval.

User’s View on Subdividing EPC

Theusersimply selectghelanguagesndvehicleclassege.g. only passengetcars)he wishesto in-
stall. Theappropriateountries/areashouldbedeterminedutomaticallybut it shouldbe changeable
by the user Additionally, the usershouldbe ableto chooseto install only a subsetof modellines
locally.

Generatingthe Systems View from the User’s View.

Theseareperformedn severalsteps:

1. Theneededstaticsubsetof modelandspecialversioncataloguesanbe determineddirectly
fromthegivenareaandvehicleclassessincethecorrespondingablesKATALOG andSA_BEN
containthisinformation. They have to beinstalledbeforethe next stepscanbe performed.

2. Thedynamicsubsetaredeterminedy first selectingall modelcataloguesor thegivenmodel
lines. After that, the chassido aggr@ate mappingsareusedto determinethe aggrejate cata-
logueswhich areusedfor the selectednodellines.

3. The constructiongroupto stroke versiontable is usedto determineall specialversionsand
stroke versionswhich canbe usedwith the determineddynamicmodelcatalogues.

4. If atleastonedynamicsubsefs installed the supplementaryexts have to beinstalled.

This processvorksthe sameway if it shouldbe possibleto selectindividual modelsinsteadof only
wholemodellines.

Calculatingthelocally installedsubsetsn thatway allows straightredirectionof thequeriesStar
Network currentlyexecuteson the data.



CHAPTERS5. THE AFTERSALESDATA 61

5.3 FDOK - Starldent

This sectiondescribeghe vehicle datacard databasétarldentwhich was derived from the legacy
FDOK databaseyhichis alMS/DB hierarchicadatabase.

It hasa very simpledatabaseschema.Onebig tableholdsall the vehicledatacards;threevery
small namingtablesmap the numericcodesusedwithin the vehicle datacardsto humanreadable
descriptions.

5.3.1 Utilization and Contentsof VehicleData Cards

Thevehicledatacardsareusedmainly for partsidentification. Oneneedso know whatdistribution
codeg(e.g.580- air conditioning)andspecialversiongseeEPC)arevalid for a specificvehicle,and
which engine transmissionaxis, etc. modelswerebuilt into thatvehicle. Thatinformationcanthen
beusedto preselecthe appropriatgartsfrom the partscatalogues.

Thefollowing arethe particularattributesfoundin a vehicledatacard:

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

FIN_RUMPF Thisis themainvehicleidentificationnumber This uniquelyidentifiesa vehicleand
thereforealsoa vehicledatacard. The completeFIN would startwith the manugcturercode,
but thathadbeenputinto a separatdield. Thefirst 6 digits of this attribute arethe modelline
andthemodel. Thelastplacesarejustarunningnumber

VIN This is a secondvehicleidentificationnumber It is usedin somecountries,e.g. the United
Stateslt is redundantvith the FIN andcanbe calculatedrom that.

MOTOR Theengineidentificationnumber Thefirst 3 digits arethe modelline of theengine.
GETRIEBE Thetransmissiondentificationnumber Startswith modelline aswell.

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

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

OBJECT Thisbinaryfield containsacompressedserializedlava object.

The attributesabove are storedredundantlyoutsidethe objectin the databaséable. AppendixB.1
containsthe full Starldentschema.The following are someof the attributesfound within the Java
object:

CODES Containsthe distribution codes.The numericcodesfound hereareeitherlooked up in the
table 'fdk_code_ben_pkwfor passengecarsor in the table 'fdk_code_ben_nfzfor utility
vehicles. For passengecars,thesecodesconsistof 3 digits, andare only valid for a certain
time interval within which the vehiclemodelwasproduced Whenlooking up the description,
the productiondateof the vehicleis neededFor utility vehiclesalphanumericodesareused,
which cover 3 placesaswell. Whenlookingup thedescriptiorof thiscodesthesort(SFARTE)
of theutility vehicleis neededo selectthe appropriatecodedescription.
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SAs This arethe specialversionsusedfor a vehicle. Thisis alist of constructiorgroups(seeEPC)
with the respectie specialversionsused. A specialversion may be usedmore than once.
For utility vehicles,this list cancontainmorethan 1,000differentspecialversionswith their
respectie usagecount.

Additional identifiersfound within the gzippedJava objectare color codesthe nameof the vehicle
model,the manugcturerof thelampsandtires,to namebut afew. For utility vehiclesthereareeven
moreitems,includingthe axismodels,additionaltransmissionghe steeringmodel,etc.

5.3.2 Conversionfrom FDOK to Starldent Database

This is alsovery simple. The new andchangedvehicle datacardsare comingfrom FDOK in afile
formatwhich| call, in absencef anofficial name the1,2,3format.

Therearethreetypesof recordqlines)for eachvehicledatacardcontainedn thesefiles. Records
marked with a’1’ at the beginning containall attributesof a vehicle datacardwithin fixed fields,
exceptthespecialversionsanddistributioncodes Zeroor moretype’2’ recordgollowing thatcontain
thespecialversionsandtherespectie constructiorgroupsthey areusedfor. Following that,atype’3’
recordlists all distribution codedor thevehicle. Thevehicleidentificationnumber(FIN) is contained
in all recordsaftertherecordtypecode.

Thefiles arereadby a smallJava utility which evaluateshe records puilds the vehicledatacard
object(FdkDatalmpl),andwritesit to the databaselt first triesto executean SQL INSERT for each
card,andwhenthatfails (which meanst wasachangectard,notanew), it executesan UPDATE.

5.3.3 Sizeof FDOK, and How It Can Be Reduced.

Currently the Starldendatabaseontainsvehicledatacardsfor about11,000,00(pbassengetarsand
4,000,000Qutility vehicles.Thecurrentsizewasestimatedo beabout21 Gigabytes.

Most attributesof the vehicledatacardarestoredin the compressederializedlava object.In the
formatcurrentlyused the averagesizeof this objectis about840bytesfor passengetarsand2,660
bytesfor utility vehicles.But | foundaway to reducethe sizeof FDOK by nearly9 GB by altering
thisformatin abackward-compatiblevay, whichmeanghattheobjectsstoredalreadyin thedatabase
canstill beread.

StarNetvork usesthe standardlasa Serializableinterfaceto serializethe Java objects. But that
producesa lot of overheadwhenserializingJasa objects,becauset writes the namesandtypesof
all attributesfoundin anobjectto the serializationstream.This is doneto enablehandlingdifferent
versionsof a classautomatically Normally, attribute andtype namesarewritten only oncefor each
classfor which instancesare serialized. But in our case,wherefor eachvehicle datacard a new
serializatiorstreamhasto be createdthisis donefor everyobject which producesalot of overhead.
After compressionthe overheactausedy this mechanisnis nearly600bytesperobject.

Thereis an alternatve to using the SerializationAPI, which is called the ExternalizationAPI
[JOS98. Usingthelatter, it is the programmes responsibilityto determingheformatandversioning
of the serializedobjects.Externalizatiorcanbe usedasa drop-inreplacementor serializationthere
is no needto changeherestof theapplication.In fact,| didn’t evenhadthe possibilityto do that.

In absencef the StarNetvork sourcecodel, subclassethe vehicledatacard (FdkDatalmpl)to
a new classcalled FdkDatalmplExternalvhich implementsthe Externalizabldanterface. This also
allows to still usethe’old’ datacardsstoredin the databaseasthe deserializingstreamdetermines
the classof the serializedobjectsandusesthe right deserializatiormechanism.The systemdoesnt
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even know thatthereis a subclassvhen doing serializationoperationswith the superclass. then
createda little tool which usedthe ReflectionAPI [JRef9§ to generatanostof the necessargode
for externalizatiorautomatically Giventhe numberof attributesstoredin the vehicledatacard(about
50),thiswasthesafestvay to avoid introducingbugswhenswitchingto externalization StarNetverk
worksfine with the new datacards.

Thefollowing tableshavsthenew sizesof thevehicledatacardobjects andthetotal savedspace
for thewhole Starlden{FDOK) database.

vehicletype || oldsize | 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 branchesvhich only useandstorevehiclecardsfor passengetars,the neededlisk spacds
only alittle morethanonethird of thatneededefore.

Note that this is still far from optimal. Given the numberof vehicle datacardsstoredin the
database65 bytesoverheadper vehicle datacard will resultin 1 GB spacefor all vehicles. The
long packagepathof the vehicle datacard Java class(FdkDatalmpl)occupiesabout50 bytes(after
compression)andsoit takesabout0.8 GB to storethis pathnameedundantlyfor all vehicles.

For thedealers sites,| suggestisinga databaseystemwhichis ableto compresghe datacards
itself. As will be shavn in the next section,multiple vehicle datacardscan be compressednuch
betterthana single. Storingall vehicledatacardsinto compresseflat files would resultin e.g. one
2.6GBfile holdingall 4,000,000Qutility vehicledatacardsanda750MB file containingall 11,000,000
passengevehicledatacards. Thisis smallenoughto enablePAID to usea databassystemlikee.g.
TransbaseCDrra9g, whichis ableto transpaentlyhandletheold datastorede.g.onaDVD andthe
new datacomingasSmartUpdatedrom the network. Importantfor suchanapproachs thatit must
be scalableglsewe will runinto the sameproblemsasthe CD distribution hastoday TransbaseCD
for exampleis ableto handlesereral DVDs or CDs, so addinga secondDVD drive (or something
else)is no problem.But perhapshenetwork connectionsvill begoodenoughfor onlineaccessvhen
thatwould beneeded.

If the approachof usinga compressinglatabasés not possibleor not feasible the StarNetvork
applicationandtheloadtool shouldbe at leastadoptedo write the vehicledatacardsdirectly to the
compressingtreamopenedntothe databasensteadof calling the write/readObjecmethodson an
objectoutputstreamwrappedaroundthat. The methodsprovidedfor externalizationcanbe usedfor
thatpurposewithout ary modification.

Also, the attributesthat are storedalreadyoutsidethe object(e.g. the FIN) in the databaselo
not needto be serialized asthey arewhenusingthe currentmethod. The bestsolutionwould be if
the vehicle datacard classis given somemethodsto read/writeitself in the appropriatevay to the
database.

| estimatehatthesetwo stepswill saveyetanother2 GB, perhapgven3. Onemustalsotake into
accounthatthe databasevill grow slowver whenthevehicledatacardsaresmaller
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5.3.4 Sizesof FDOK Updates

Incrementalipdatesrecurrentlyarriving every few weeksfrom thesource=DOK IMS databaseThe
following tableshawvs the size of the updateggeneratedy the analyzertool. Thetableis organized
into vehicletype andarea;the countsandsizesarefor a periodof 5 weeks. An updateoriginating
atthelegacy FDOK databasealwaysoverwritesthe contentsof the vehicledatacard,sothereis no
differencebetweemew andchanged/ehicledatacardscomingfrom there.

| vehicletype | area | SU-size| #vehicles| DB-size| compressed
utility Europew/o | 9.8MB 23,000| 43.0MB 40MB
Germary 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 size of the generatedmartUpdates.’DB-size’ is the net size occupiedby
thevehicledatacardsin the databasewithout overheadntroducedby the DBMS. The’'compressed’
columntells whathappensvhenthevehiclecardsarecompresseth theformatthey arestoredin the
databaself onewould usea commerciallyavailabledatabaseeplicationtechniquepnewould have
to transmitatleastthis size,giventhatthereplicationtechniquesupportcompressiomt all.

Also, ascanbecalculatedrom theseamountsvhenconsideringhata few datacardsarenot new,
the Starldentdatabasgrows by aboutl GB every year Notethatthis sizeandall the sizesshavn on
thetableinclude my switch from the SerializationAPI to the ExternalizationAPI introducedin the
previoussection.Whenusingthe standardserializationjt will grow by morethan2 GB everyyear

The reasonwhy the 'compressedsizeis biggerthanthe SmartUpdatesizeis that the vehicle
datacardsarealreadycompressed. tried severalcompressioechnique but theresultwasalways
aboutthesizeshavn in thetable. It seemdik e thatthe compressiomlgorithmscannotcompressheir
own resultsvery well. Notethata singlevehicledatacardcannever be compressedswell asseveral
atonce,sincethe compressioralgorithm(namelygzip) canonly considerthe redundang contained
in onevehicledatacard,andit alsoproducesverheador eachvehicledatacard. Theeffectis thata
vehicledatacardoccupiegnorethan4 timesthespacdt would needwhencompressetbgethemvith
othervehicledatacards.

Now, how did | getthe SmartUpdatessmaller? Very simple: | first uncompresshe new and
changedrehicledatacardsfoundin thedatabasandthencompresshemagain, altogether

5.3.5 Using TimestampReplication

Thereis principally no problemin usingreplicationbasedon recordtimestampdor FDOK. These
timestampsare alreadypresentin the database.But for the reasongjivenin the last section,one
hasto uncompresshe datacardobjectsbeforecompressinghemfor transmissiorover the network.

Snamelyzip, gzip, bzip2,andcompress.
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Whenusing this approach] would strongly recommendcachingthe generatedupdates sincethe
compressiomeedsalot of computingtime onthe sourcenode.

5.3.6 Subdividing the Databasefor PAID

The databasean principally be subdvided to containan arbitrary subsetof vehicle datacardsfor
eachnode.But for thefollowing reasonsit makessenseo find subsetrepresentationshich covera
bunchof vehicledatacards:

e For newly createdvehicledatacards theremustbe somerulestelling which vehicledatacards
anodeis interestedn.

e To find outwhich vehicledatacardupdatesaareneededy atargetnode,the sourcenodemust
know which vehicledatacardsareinstalledthere.Whenonly namingsinglevehicledatacards,
thisinformationcangetvery large.

e Wheninitially installingthedata,theremustbe someusefuldescriptioraboutwhatsubsetsre
available,e.g.’C classeurope’.

e Whenmulticastingupdatesit is usefulwhenonecane.g. sendall updatedor 'M-class,USA
to all nodeswhich areinterestedn that. Else onewould have to calculatea good mixture of
commonsubset®f vehicledatacardseachtime a multicastis initiated.

Thelastthreepointsarecurrentlyof low interestsinceonly afew vehicledatacardsareupdated But
sinceit is plannedio changethat, they shouldbe consideredswell.
I did choosehefollowing criteriato determinesubsets:

e Thevehiclemodelline (BR). This canbe taken from the vehicleidentificationnumber(FIN).
Theusermight preferto choosevehicleclassesnsteadof individual modellines.

e Theareacodefrom theordernumber It wassuggestetb meby Mercedeghatonly mainareas
(Thefirst digit: Germany (2), Europe(5), America(7), ...) shouldbe usedto selectthelocal
subset.

Theproblemin usingafiner subdvisionis thatsomeareacodesarevery fine (singlebranches,
mostlyin Germary) andsomearevery rough(e.g. USA), whichis quite confusing.For PAID,
thesecodesmaybealthoughbe usedwhengroupingthemto reflectsensibleconfigurations.

e Thebuild dateof thevehicle(year). Thisis currentlyirrelevant,but will becomemoreimportant
in thefuture,asvehicledatacardsarevery seldomremored from thedatabase.

Thesetemsmight be presentedo the userby PAID in ahierarchicaliew, to allow him to selectthe
wantedsubsetdast(CAll Europe’)but asfine ashe might wantto. It might make sensehata user
selectslependensubsetsfor examplea ScotchworkshopselectingUtility vehicles Europe’together
with 'Passenge€ars,UK’. Also, thereshouldbe someprofilesreflectingpreselectedonfigurations.

Representationof Subsets

Thefollowing diagram(5.10)describesheinternalrepresentatiofor subset®f the FDOK database.
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Figure5.10: Local datadescriptiorandsubset®f FDOK database

Thecodedescriptiortablesareanextrasubse{FDOKCodeNamings) subsebf thevehicledata
cards(FDOKVehicleDataCards}y determinedy theitemsdescribedabore (modelline, area,build
year),or is asinglevehicle.

Thelatterwasincludedto allow PAID to learnaboutaccessedehiclesandto cacheeachaccessed
vehiclefor sometime (if thesubseit belonggo is notalreadylocal). If somevehicledatacardsof a
possibleFDOKVehicleDataCardsSubsgereaccessecemotely thewholesubseshouldbeinstalled
locally, to save computingtime andto improve the ability to broadcasbr multicast.

For thecurrentimplementationspecifyingbothFDOKVehcicleDataCardsSubsaida singleve-
hicle datacardout of thatis consideredo beinvalid.



Chapter 6

Analyzer Design

Thefirst sectionin this chapterdescribesiow theanalyzeitool is embeddedhto thesupplyprocesses
of the StarNetvork centraldatabasé&tarDBandthe future PAID network. After describingthe sub-
systemdecompositiorandthe packagestructure theindividual subsystemgackagesandlayersare
describedn detail.

Not all classesindmethodsaredescribedhere.A completereferencecanbefoundin thejavadoc
documentatiomccompaying thisthesis.

6.1 Embeddingof Analyzer Tool into Supply Processes

Thefollowing figure (6.1) shavs how the analyzertool is embeddedhnto the supplyprocessesf the
StarNetvork centraldatabas&tarDB.

The analyzertool is placedlogically betweenthe corversionfrom the legacy databasesnd
StarDB.This corversion,intermediateesting,andloadingof the databasés donein the usualway
asdescribedn chapters. But insteadof beingloadedinto the StarDB,the converteddatais putinto
asmalltemporarydatabaseThatdatabasenay alreadyexist for EPCasthe mentionedntermediate
testingdatabaseTheanalyzetool is usedto generatéhedifferencebetweertheold andnew datain
form of SmartUpdates.Theseupdatesarestoredin a stablequeuewhich holdsthemfor somelong
time, aboutseveral months(needso be defined).Note thatthereis only onequeue from which the
updatesareextractedandcustomizedor thenodeswhich have only somesubset®f thedata.

Theintermediatanodesn the PAID network have stableupdatequeuestoo, but they don't needo
hold theupdatedor aslong asthe centraldatabaseyecaus¢hey canfetchsomeof theolderupdates
from therewhennecessary

Placingthe analyzertool afterthe corversionhasthe advantagethatit doesnt have to dealwith
the legacy datadirectly, andthattherewasno needto re-implementhe corversion. If the analyzer
tool was placedbeforethe corversion,the generatedipdatesvould have to performthe corversion
whenexecutingthemseleson the databasel etting the analyzertool operateon the databasemade
it alsopossibleto follow a moreuniversalapproachor the designof thetool, asmostpartsof theim-
plementatioroperateon relationaldatabasem general.Thegenerate®martUpdatesaredistributed
andstoredasserializedlava classesandhave a standardizethterfaceto be customizedandexecuted.
Sectiond.4explainsthegenerakonceptaisedfor theseupdatessection6.5.1shavs how they arede-
signedandimplementedor the EPCdatabaseandsection6.6.1describeshe updatesor the FDOK
database.

67



CHAPTER6. ANALYZER DESIGN 68

conversion
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Figure6.1: Embeddingf analyzeitool into supplyprocesses

Section6.2.6describes possibleverifying mechanisnwhich makesthe generatiorof inconsis-
tentupdatesvery unlikely, becausé¢he updateddatais comparedo the newv databeforethe updateis
published.But in casetherearestill someundetectedugsin the changedetectionor updategenera-
tion processusingthesameupdatedor the StarDBasfor the PAID nodegyuaranteethatthe StarDB
and PAID nodesstill have the samedata. After fixing the bugs, the processcan continuewithout
requiringfurther interaction. The inconsistendatacontainedn the StarDBis overwrittenwith the
next updategeneratedandthoseupdatewill alsobringtheremotenodesnto a consistenstate.No
specialrecovery actionssuchasresynchronizatiowill be needed.
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Figure6.2: Activity diagramof analyzersubsystems

As shawvn in the activity diagram6.2, the highestlevel of the analyzertool is functionally de-
composednto the subsystemétisted belon. This decompositiorwasjust naturallyderived from the
functionstheanalyzettool hasto perform:generateipdatesapplythemonthelocal data,andpublish
themto malke themavailableto othernodes.Thefollowing areshortdescription®f the subsystems:

The UpdateGenetor subsystentonsistsof the Comparesubsystermand the UpdateBuilder
subsystem.The former generateghe differencesbetweenthe old and the nenv dataas Up-
dateComponentshe latter classifies packagesandstructuregheseinto the compoundSmart
Updates.

The Optimizersubsystemwhich optionally optimizesthe generatedipdatesbeforethey are
published. Optimizationis only shavn asa note on the actiity diagrambecausedt was not
realized.Section6.2.2explainswhy.

ThePublishersubsystemwvhichis responsibldor puttingthegeneratedipdatesnto theupdate
gueue,from which the updatescanthen be distributed. It alsodetermineghe dependencies
betweertheupdates.

The Applier subsystemAfter the updatesaregenerate@ndpublishedthey areappliedon the
local data. This subsystentanalsobe usedon the remotenodesto executethe updates.

It canbe confusingthatapplyis calledbeforethe generatiorof updates.This simply ensures
thatthereferencalatabaseyhichis usedby the Comparesubsystemis up-to-date Otherwise,
if for somereasonyet unappliedupdatesare in the updatequeue,the Comparesubsystem
usesan obsoletereferencedatabasewhich might produceunpredictableesults. Section6.2.6
describes smartemway to preventthe systemfrom producingincorrectresultsdueto bugsor
failures.

A temporaryupdatequeue,which senesas anintermediatestorage(not shavn). It is used
betweerthe UpdateGenerat@ndthe Publishersubsystem.
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The temporaryupdatequeuewas introducedto achiere scalability: It was assumedhat the
updateghe analyzertool may needto handlewithin oneinvocationaretoo big to be stored
in memory So anintermediatedisk storagewasintroduced. The amountof updateghatthe
analyzettool canhandleis thereforeprincipally unlimited.

e Thepublic updatequeuewhich holdsthe updatesuntil mostof the nodesshouldhave receved
them.It wasshavn ontheoverview in thelastsection.

Thesubsystem# this approactarevery looselycoupled.The updatequeuesene asthecommuni-
cationplatformfor the subsystems.
6.2.1 Update Generator Subsystem

Theinteractiondiagram6.3 shavs theinteractionbetweerthe Compareandthe UpdateBuildesub-
system.

Conpare Updat eBui | der TnpQueueManager

I I
2: 'getUpdate()'’ |

3: 'return: null’

M1: 'addUpdat e( updat eConponent)’

Create new
conpound update —_

4: ' put Update()’

5: 'addUpdat e( updat eConponent)’

6: 'getUpdate()’

7: 'return: conpountUpdate’

add updat e
to existing —
conpound updat e

8: ' put Update()’

L |
T I I
I I I

Figure6.3: Interactiondiagramshaving updategeneration

The comparesubsystengenerallycomparesan old with a new versionof data. It thengenerates
updateoperationgrecordupdatedor relationaldatabases)hich canupdatethe old versionto the
new one. But theseupdateoperationsare not necessarilyexecutablein the form andorderthey are
generatedAn examplefor this aretherecordmovesdescribedn section6.4.2. Therefore theseup-
dateoperationsarepasseds’'UpdateComponentsb the UpdateBuildessubsystemywhich combines
themto producecompoundstructuredupdatesnamelythe alreadyintroducedSmartUpdates.

The sequencaliagram6.3 shavs the typical operationsvhenthe comparesubsystengenerates
anupdatecomponent.The UpdateBuildeiselectshe appropriatecompoundSmartUpdatefrom the
changequeueandaddsthe componento that. Wheneaer necessarya nev SmartUpdateis created.
Thetemporaryupdatequeuemaintainsa cachewhichis necessaryo achiese performance.
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Two generaklassesCompareandCompoundCompanehich follow the compositepatternwere
created(not shavn on a diagram). The ideawas to supportcombining several differenttypes of
comparesubsystemsg.g. for databasedilesystemsegtc. to onecompoundcomparecomponentas
theanalyzetool wasoriginally designedor heterogeneousata.Sinceit turnedoutthatactuallyonly
relationaldatabaseareto beanalyzedseesection5.2.12),this mechanisnis currentlyunused.

6.2.2 Optimizer Subsystem

An optimizermaybeintroducedto do an additionaloptimizationof updatesaftertheir generation It
may be usedfor exampleto find someredundang within the generatedipdateslt canbe omittedif
suchoptimizationgdon’t make sensdor somedata,or thegeneratedipdatesrealreadysmallenough.

An optimizerwasinitially plannedfor the EPC problemdomain,whereoften similar changes
occurto several or all recordsstoredin a databaséable. The currentdatabase€omparesubsystem,
whichwill bedescribedater, will only generataipdatego singlerecordswhich canbequitealot.

But experimentshave shavn that optimizationis unnecessarfor the EPC updateswvhenusing
the’gzip’ compressiorof updategogetherwith somesmall local optimizationsembeddednto the
databaseomparesubsystemywhich aredescribedn section6.4.3.

| learnedthatusingsuchan effective compressiormalgorithm,trying to reduceredundang before
the compressiorhasa very minimal effect on the size of the updates. The only effective way of
reducingthesizeof updatess to remove unnecessarpformation. A goodexamplefor thisis thesize
reductionof FDOK mentionedn 5.3.3,wheretheunneedederializatiorinformationwassuppressed.
Also, asmentionedin chapter5 describingthe EPC databaseremoving unneedednformation for
unwantedlanguages$asa noticeablesffect aftercompression.

Sincethe optimizersubsystenis neitherneededor FDOK norfor EPC,| droppedheideacom-
pletely. For otherdatabasefom yet unknavn problemdomainsthe needfor anoptimizerhasto be
figuredoutagain.

6.2.3 Publisher Subsystem

The updatepublisheris responsibldor makingthe updategpublicly available,which meansputting
theminto theupdatequeue It alsoputsthe updatesnto theright orderanddetermineshedependen-
ciesbetweernthem. This cannotbe doneby the updatebuilder becauset seesonly oneupdateat a
time, andit doesnt know whenit recevesthe lastupdatecomponentor a compoundSmartUpdate
from thecomparesubsystem.

Thereareno generaklassesvailablefor the publishersubsystemonly classedor eachproblem
domain.Thereis no generabehaior of the publishersubsystemsinceorderingof anddependencies
betweerupdategiependsolelyontheindividual applicationdomain.

6.2.4 Update Queues

The updatequeuesare currently realizedas databasdables,into which the updatesare storedas
compressedserializedJava objects. This is only donefor this proof-of-conceptprototypeof the
analyzettool.

The reasondor choosingthis way of storing updateswas again that the PAID projectwasnt
launchedwhen | startedthis thesis. | didn’t knew which persisteng mechanismge.g. an object
databasejvould be chosenl wantedto avoid introducingyet anotherdatabaséesidegherelational
databasethatwould betherearyhow.
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Thisway of storingupdategurnedoutto bea severe performancéottlenecksinceJava serializa-
tion is quiteslow. For PAID, thistypeof updatequeuestorageshouldbe avoided.

The designof the updatespnamelychoosingstringsasidentifiersfor datasubsetsupdatesand
new datasubsetsvasalsoaffectedby this decision,sincel wantedthesethingsto be availablewith
fastaccesaindin humanreadabldorm outsidethe serializedobjects.

The updatesarestoredusinga databaséable containingthe identity, the version,the info about
new datasubsetsandthe gzippedserializedlasa object. Sections.4.5and6.4.6describeheimple-
mentationclasse®f thetemporaryandpublic updatequeuemanagersiespectiely.

6.2.5 Applier Subsystem

A simple apply subsysten{SimpleApply) was createdmainly for testingpurposes.The following
thingsaremissingin this simpleimplementatiorof the apply subsystem:

e Theupdatedependenciearenotevaluatedcorrectly especiallydependencidsetweerupdates.

e It is assumedhat the updatesare deliveredin a executableorder by the updatequeue. The
publishercomponentsvereimplementedn away to achiese this by orderingthe updates.

e Updatesare executedoneby one,which meanghat updatesdiependingon oneor more other
updateswill produceintermediateinconsistenstatesIf theapplyprocesss interruptedthese
potentiallyinconsistenstateswill persist.

Thefollowing sequenceiagram6.4 shavs how theapply processvorks.

apply. | ocal Data | ocal Dat aDesc updat e updat eQ
... Sinpl eApply ...Local Data ... Local Dat aDesc ...Update ... Updat eQueueManager

| l l l l

1: getDescription 2: 'create’

3: 'return: |ocal DataDesc’

4: get Updat edSubset s( | ocal Dat aDesc) 1
I

5: 'return: updated data subsets’

6: get Updat e(first Updat edSubset )

l 7: 'create fromdb’

8: 'return: update’

9: checkDependenci es(update, | ocal DataDesc)

10: get Custoni zed( | ocal Dat aDesc)

11: 'return: this’

12: begi nTransacti on

13: execut e(l ocal Dat a)

14: updat eSubset (first Updat eSubset )

15: put Descri ption(this)
16: commi t | |

Figure6.4: Interactionshaving SimpleApplyexecutingan Update
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First,alist of availableupdatess requestedrom theupdategueue usingadescriptiorof thelocal
data(LocalDataDescasfilter. Apply thenfetchesthe first SmartUpdatefrom the queueandchecks
its dependenciedf thedependenciesouldberesohed(whichis assumedh thediagram)theupdate
canbe executedandthe descriptionof thelocal datais alsoupdated.

Executingthe SmartUpdateandupdatingthedescriptioris donewithin onetransactionto prevent
datainconsistenciedueto failures.

6.2.6 Verifying Updatesand Handling Failures

Thefollowing is the descriptionof analgorithmwhich allows to verify thatnoincorrectupdatesare
distributed.

e Theupdatesaregeneratedn the sameway asdescribedalready

e The publisheropensa transactiorto the public updatequeue and putsthe generatedipdates
therein.But thetransactioris notyet committed.

e The applieropensanothertransactiorto the main databaseand appliesthe updates.But the
transactions notcommittedaswell.

e An additionalverifier subsystencompareshe maindatabasevith thetemporarydatabaseon-
tainingthe new data.This canbe doneby a slightly modifiedcomparesubsystem.

e If anerroris detectedthe transactions$o the updatequeueandto the maindatabasarerolled
back.Otherwisepothtransactionsrecommittedsynchronized.

This algorithmguaranteethatincorrectlygeneratedipdatesever getvisible.

6.3 PackageDecomposition

The packagedecompositiorwasdonein two dimensions:Onefor the subsystemsandonefor the
problemdomain. The packagedor the subsystemgcomparebuild, apply queuesandupdateskhre
locatedin the top-level of the hierarcly andarerepeatedassubpackagesf the applicationdomain
specificpackageswhich containthe relationaldatabasédb), EPC,and FDOK specificclassesre-
spectvely.

This way of organizingpackagesvasdoneto force a cleanseparatiorof generalandapplication
domainspecificclasses. It also allows to add new packagescontainingclassedor yet unknovn
problemdomains(e.g. new aftersalesnformationtypes)or datarepresentatione.g. filesystem)in
the sameway.

The packagediagram6.5 shaws the available packagesthe following list shavs the complete
packagehierarcly alongwith shortcommentof whatis containedn apackage:

pai d/ dat anmove root of package tree

...l updates Smart Update and data representations

../ conpare conpare interface

.../build interfaces for update builder and update conponents
..lapply sinpl e apply subsystem

..l queues interfaces for update queues
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EPC or FDOK
] ]
updates compare build publish run
\
Relational databases v
] ] ] ]
updates compare build queues

base classes and interfaces |

v
] ] 1 ] ]
updates compare build apply queues

Figure6.5: Packagediagramshaving packagedlecomposition

./ db/ updat es dat abase record and tabl e updates, Local Data inpl. for db
./ db/ conpar e conpare conponents for conparing rel ational databases
./ db/ conpare/ util utilities for conparison

../ db/ conpar e/ fi ndbest heuristic algorithns

./ db/build dat abase update conponent and its producer

. 1 db/ queues i mpl enent ati ons of update queues in database
.l epc general EPC specific classes

..l epc/ updat es updat es and | ocal data representations

./ epc/build updat e buil der subsystem

..l epc/ conpare conpare subsystem

./ epc/ publish publ i sher subsystem

.lepc/run cl asses contai ning main()

./ fdok general FDOK specific classes

../ fdok/ updat es updat es and | ocal data representations

./ fdok/ build updat e buil der subsystem

../ fdok/conpare conpar e subsystem

./ fdok/ publish publ i sher subsystem

./ fdok/run cl asses contai ning main()

..1db dat abase abstraction |ayer

./ db/ col ums i mpl enentations for colum types

./ db/ val ues i mpl enmentations for val ue types

./db/constraints i mpl enentations for constraints
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6.4 Support for Relational Databases

This sectiondescribesll classesvhich arespecificfor relationaldatabasesThis is the biggestpart
of the analyzerin termsof numberof classesandlines of code. The sub-sectionghat follow will
describe:

The databaseabstraction layer asanintermediatdayerabove the JDBCaccesdayer. It provides
an abstractiorof the entities(tables,columns,values,constraintsfoundin the databaselt is
alsousedto hidethedifference®f theindividual databasenanagemergystems.

The databaseupdates which aredetectedby the databaseomparecomponentsTheseareupdates
to databaseablesandtherecordupdateshey contain.

The databasecompare components which are usedto build up the applicationspecificcompare
subsystems.Different algorithmsare provided which can be usedor extendedto compare
databaseéables.

The databaseupdate component deliveredto the updatebuilder subsystenby the databaseom-
parecomponents.

All classegdescribedwithin this sectionare locatedin or belov the packag€epaid.datamee.db’.
By corvention, all namesof databasespecificclassesstartwith 'DB’, which meansdatabasenot
DaimlerBenz.

6.4.1 The DatabaseAbstraction Layer

This layeris very differentfrom the“normal” relationaldatabasé¢ayersavailablefor Jasa. Thecom-
mercially available databaseutilities are often usedto provide a mappingbetweenclassesandthe
relationaldatabaseepresentation.You alreadyhave designedsomeclassesand usesometool to
automaticallygeneratehe appropriatadatabaselefinitionsandthe classesisedto storeandretrieve
instance®f thedesignedatlassesTherequirement$or this databasabstractiodayerwerethe other
way round: | have somedatabaseschemaandwantto automaticallyand dynamicallydetectwhat
tablesandattributesare usedtherein. The preconditionfor this is a JDBC driver which makesthat
informationavailableto a Jasa applicationwhich mostdriversdo.

The databasebstractioriayer was designedmainly to supportthe updatesand comparealgo-
rithms describedn the next sub-sectionshut it canalsobe usedin otherways, asfor exampleto
executearbitrary SQL queries,or to storeserializedJasa objects. The latteris currentlyusedby the
updatequeuemanagers.

It is assumedhatthereaderis familiar with relationaldatabaseonceptsandthe standarddDBC
API [JDBC98].

TheUML classdiagram(6.6) shavs themainclassegsoundhere.They weredesignedgindnamed
closelyto thetypical objectsusedin the context of relationaldatabasedables,columns,andvalues.
The next sectioncontainsa typical usageexample. The following are explanationsof the classes
shavn onthediagram.

Notethatmostobjectattributesarepublicly accessibléut declaredas’final’ to protectthemfrom
beingchangedy otherobjects.In fact,mostof the objectscannotbe changedafterthey arecreated.

DBConnection is awrapperfor java.sgl.Connectionlt represents connectiorto a databaseandis
constructedy giving the JIDBC URL of a databaseombinedwith the schemanameandthe



CHAPTER6. ANALYZER DESIGN 76

DBConnecti on DBCol utmSet DBCol umm
- Serializabl e Serializable
+String schemaNanme TString name
+int i ndexCf *|+int sqltype
+DBTabl e get Tabl e +DBCol unn col urmok <
+voi d begi nTransacti on . ) col s | +C ass val ued ass
+voi d cogm ‘ +nt[] getlndices #DBVal ue val ueCf
v I d 11 back +String[] getCol umNanes +bool ean equal s
+vold rollbac +DBCol urmSet get Subset +bool ean typeEqual s
:\g' d cl ?S; . +DBCol umSet get Subset Acol
reng tostring +DBCol umSet get Subset
+DBCol utmSet get Repl aced
con +DBCol utmSet get Repl aced
+bool ean equal Col urms
in
reference in get Tabl e() DBTabl eDescri ption
+String tabl eNane DBVal ueUpdat e
+int[] pKey Serializable
+DBCol urmSet  get PKey +String get Nane
+bool ean i sPKeyCol umm +bool ean equal s
. +i nt appendToPrepSt nt
+int fillPrepStnt

DBTabl e +DBVal ue get Updat edVal ue
+DBVal ueUpdat e get Uni que
+String toString

+DBRecor dEnuner ati on query
+voi d delete
+voi d update
+voi d insert

query()
DBVal ue
*
interface +i nt appendToPr epSt nt
__DBRecordEnuneration DBRecord +int hashCode
next Record() <> “1+int conpareTo

+DBCol uimSet get Col ums +DBVal ue[] get Subset val ues | +qoubl e esti nateDiffTo
+bool ean hasMor eRecor ds +String debugPrint +DBVal ueUpdat e get Updat eTo
+DBRecor d next Recor d +DBVal ue get Updat edVal ue

Figure6.6: Classdiagramof databasabstractiodayer

userandpasswerdusedo accesshedatabaselt alsocontainsalink to ahelperclasg(described
later),whichis usedto make operationglatabaséndependentJDBC providesmary database
independentoncepts but you still have to use SQL commandswhich are not completely
standardized.

DBColumn is anabstractiorof a databaseolumn. It containsthe nameandthe type of a column
foundin the databaselt alsoprovidesthe method'valueOf usedto producethe appropriate
DBValueobjectsfrom a query Thatmethodis implementedy the subclassesf this abstract
class. This mechanisnprovides a possibleextensionof handlingspecialattribute typesnot
coveredby the standard)DBC typesor the alreadyimplementeddBColumnsubclassesThe
section'ColumnsandValues’providesmoreinformationandexamplesof subclasses.

DBColumnSet is an orderedsetof columns. It containsa publicly accessiblerray of DBColumn
objectsandahiddenhashtablevhich allows fastaccess$o columnscontainedn theset. Meth-
odsareprovidedto accesshe columnsby name producesubset®f columns,or generataen
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columnsetsby replacingcolumnhandlerg DBColumn)with customizedbr morespecialized
ones.

DBTableDescription representshe automaticallydetectedsetof columnsin a databaséable,and
describeshetable’s nameandprimarykey. Thelatteris justanarrayof indicesof the primary
key columns. This classis only a descriptionof a table, not a referenceto a databasdable
itself (whichis DBTable). Thereasorfor separatinghe descriptionandthe actualreferences
thatthe descriptionmayreferto morethanonetable. Thisis usedfor exampleby thecompare
algorithms wheresucha descriptionrefersto anold anda new versionof atablecontainedn
differentdatabasesAlso, a tabledescriptionis serializablewhich wouldn't make senseor an
actualtablereference.

DBTable is the actualreferencdo a databaséable,which is alsoits description.It canbe usedto
query update or deletetherecordscontainedn thattableor to insertnewv ones.Theonly way
to constructDBTable objectsis by calling getTable() on a connectionto a databasavith the
nameof atablecontainedn thatdatabaseThatmethodmakesuseof a helperclassDBTable-
Factory(not shavn), which fetchesandcornvertsthe necessarynformationaboutcolumnsand
the primarykey from thedatabasenetadata.

DBRecord represents setof values.The arraycontainingthesevaluesasDBValueobjectsis pub-
licly accessiblelf the recordwasproducedby a query it is guaranteedhat the arraycorre-
spondgo the DBColumnSeusedasargumentfor thatquery Normally, a recordrepresents

row in atable,but it might alsobe produceddy a queryto multiple tables. Supportfor these
wastakeninto consideratiorbut is notimplemented.

DBRecordEnumeration is aninterfacefor gettingrecordsfrom somekind of source.The standard
implementationDBRecordEnumerationimpdeliverstherecordsreturnedby a query There
is a possibility of manipulatingthe recordsreturnedby a DBRecordEnumeratiodescribedn
thesection'Simulationof RecordChanges’'.

DBValue representshe valuein a singlefield of a table. It provides methodsfor comparingit to
othervalues generating@ndestimatinghedifferencedo othervaluesandfor writing thevalue
to thedatabaseThesection'ValuesandValue Updates’providesmoreinformation.

DBValueUpdate representain updateto a valuein the databaseln generalthe updatedvalue can
only bedeterminedf the previousvalueis known. Sinceevery value canbe updatedby over
writing it, eachDBValueobjectis alsoa valueupdate.

A Simple Example

The sequencaliagram6.7 shaws typical sequence®f methodcalls for a commonusageof the
databasabstractiodayer.

The exampleshovs the sequencef methodcalls usedby anarbitraryactingobjectwhich wants
to getsomeinformation(a dehug string for simplicity) from thefirst recordreturnedby a query To
obtainthisit first createsa connectiorto the databaseAfter that,it getsareferenceo atabletherein
andqueriedt. Theactingobjectaskstherecordenumeratiometurnedby thatqueryif it containsary
record(whichit does)getsthefirst record,andrequesthe dehug stringfrom thatrecord.
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arbitraryObj ect con table enum record

pai d. dat anpve. db. DBConnect i on pai d. dat anove. db. DBTabl e ... db. DBRecor dEnuner ati on ...db. DBRecord

M 1: DBConnect i on( dbURL)

2: _get Tabl e(tabl eNane - I I I

3: 'create with DBTabl eFactory’
4. 'return: table I I

5. query

6: 'create inplementation’
7. 'return: enum

8: hasMbr eRecor ds

9: 'return: true’ I

10: nextRecord

11: ’create’

12: 'return: record’

13: debugPri nt

14: 'return: String'

1 I I I I

Figure6.7: Typical sequencef methodcallsfor aquery

Columns and Values.

This sectionexplainsthe interactionbetweencolumnsandvalues. DBValuesare 'produced’by the
columnthey arecontainedn. 'Producingvalues’meanghatif aninstanceof DBColumnis contained
in a querys column set, the recordsdeliveredby that query will containthe 'produced’ types of
DBValueatthecorrespondingositions.

The classdiagram6.8 shavs only someexamplesof DBValue classes. The DBAutoColumn
producesnary moreDBValuesubclassethanshavn onthediagram sinceeachstandard DBCtype
hasa correspondindB. .. Value (for example: Byte, Short,Int, Long, Double,Binary, Date, Time,
...). Which valueis producedn particularis determinedoy the 'sqltype’ the columnwas created
for. A tablereferencewhich is returnedby DBConnection.ge@@ble()will containonly this type of
columns.Thedenotatioriauto’ expresseshis fact: This columntypeis createcautomatically

TheDBObjectColumrcanbeusedfor databaseolumnswhich store(gzip-)compresseserialized
Javaobjects.Soit produce®nly DBObject\alueandDBNullValueobjects.Thenext sectioncontains
anexampleshaving how anautomaticallycreatedcolumnis overriddenby this columntype.

Sinceinformationabouttheir typeandcolumnis neededNULL valuesstoredin thedatabasare
representetdly DBNullValueobjectsandnot by Java 'null’ values,asonemight expect.

The concreteémplementation®f theabstracDBColumnclassarelocatedin a separatesubpack-
agecalled“columns”.

Column Sets

Thefollowing sequenceliagram6.9 shavs an exampleof gettinga customizedccolumnset. In that
examplewe wantto retrieve somejava objectsstoredin the databaseWe don't wantto queryvalues
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...db.val ues. DBSt ri ngval ue

...db. val ues. DBByt eVal ue

...db. val ues. DBNul | Val ue

...db. val ues. DBObj ect Val ue

+String val ue

+byte val ue

+int fillPrepStnt

+bool ean equal s

+i nt hashCode

+doubl e estimateDiffTo
+DBVal ueUpdat e get Updat eTo
+String toString

+int fillPrepStnt

+bool ean equal s

+int hashCode

+i nt conpareTo

+doubl e estimateDiffTo
+String toString

+int fillPrepStnt

+bool ean equal s

+i nt hashCode

+i nt conpareTo

+doubl e estimateDiffTo
+String toString

+Chj ect obj ect

+int fillPrepStnt

+bool ean equal s

+i nt hashCode

+DBVal ueUpdat e get Uni que
+String toString

Figure6.8: Classdiagramshaving databaseolumnsandproducedvalues

from all columnscontainedn thetable,andthe columncontainingthe objectsarehandledby default
asif they would containsomearbitrarybinary data. Sowe have to manipulatehe default columnset
from thetableto retrieve the serializedobjectsfrom the databaséirectly asobjectreferences.

Sincethe table containssomecolumnswe are not interestedn, we first createa subsetof the
columnsfrom thetable,containingonly the objectidentifiersandthe objectsthemseles. The object
columnis auto-detectedsa binary column,sowe createa DBObjectColumrbaseduponthatbinary
column.With thatwe createa new DBColumnSetontainingthis columninsteadof theauto-detected
one.After thatwe querythetableandgetthefirst recordthe sameway asdescribedn thefirst simple
example(notshown in thisdiagram).

As mentionecearliet it is possibleto extendthealreadyimplementedBColumnsandDBValues
by customizedones. This is usede.g. for the FDOK data,wherethe valuesstoredin the database
arecompressedanda specialcolumntype wasimplementedvhich uncompressethe queryresults
beforeproducingstandardBBinaryValueobjects(seesection6.6.3).



CHAPTER6. ANALYZER DESIGN 80

actingQbj ect table col Subset obj ect Col gueryCol s
pai d. dat anove. db. DBTabl e ... DBCol umSet ... DBOwj ect Col um ... DBCol utmSet

r11: get Subset ({"obj _id", "object"}) | | |

2. 'create’

3: 'return: col Subset’ | |

4: _DBObj ect Col unm( col Subset . col s[1])

5: get Repl aced( obj ect Col ) ’ITl |

6. 'create’
7: 'return: queryCols’ | LI

18:_query(queryCol s)

Figure6.9: Messagesequencshaving customizatiorof columnset.

Valuesand Value Updates

DBValue and DBValueUpdataepresenwaluesrespectiely transformation®f valuesin a column
from a databaseable. They arealwaysboundto the columnthey arecontainedn, so valuesfrom
differentcolumnsarenever consideredo beequal.

The DBValueandDBValueUpdatereonly abstractlassesvhich definesomemethodshe sub-
classe<ontainingthe individual datatypeshave to implement. The valuesreadfrom the database
which are containedin the subclassesf DBValue are publicly accessibléut cannotbe changed.
Therefore,a DBValueis alwaysconstant. The 'appendBPrepStmtand fillPrepStmt’ methodsare
usedto write values(back)to the databaseTo understandheir meaningandusagepneshouldbefa-
miliar with the preparedstatementonceptusedby JDBC.Theformermethodappendshenecessary
placeholderandSQL statement$o a preparedtatemenstring,andafterthe statemenis createdthe
lattermethodputsthe actualvaluesinto the placeholders.

The sequenceiagram6.10shawvs theinteractionbetweerDBValueUpdateandDBValues. The
exampleusesstringvalues sincethesearecurrentlytheonly onesfor which valueupdatesreimple-
mentedYou canthink of avalueupdateasarelative value: If youknow theold value,avalueupdate
givesyouthenew (updatedyalue.Sinceyou canalwaysupdatea valueby overwritingit, aDBValue
itself is alsoa DBValueUpdate.

To explain this further: in the exampleshavn, the old string could be e.g. “Hello Qorld”, and
the DBString\ValueUpdatecould be'concat((left(\alue,6), “W”, right(value,4))’, expressedn SQL.
Currently all stringvalueupdateshave this format. This meanghatthe currentgeneratiorandrepre-
sentatiorof stringvalueupdategust consistof thelengthof theunchangegrefix, thechangedubset
in betweenandthelengthof theunchangedufix.

Othernon-trivial methodsof DBValuesand DBValueUpdatesvill be explainedin the following

1The ideabehinda value updateis makingthe serializedupdatessmallerfor big values. This doesnt work e.g. for
numericvalues,and simply wasnt implementedor binary valuesyet. So thesevaluesare always simply overwritten,
which meanghe’getUpdate®’ methodjustreturnsthenexv DBValue.
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actingQj ect
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ol dval ue existingNewval ue
...DBStringval ue

...DBStringVal ue

.. DBStringVal ueUpdat e

val uelpdate creat edNewval ue

...DBStringVval ue

1: get Updat eTo(exi sti ngNewval ue)

3: 'return: val ueUpdate’

2. 'create’

4: ' get Updat edVal ue( ol dval ue)’

5. ’'create’ I

7: equal s(creat edNewval ue)

T

1 8. 'return: true’
I

| _6: 'return: createdNewval ue’ ?

Figure6.10: Simplemessagsequencshaving interactionof valuesandvalueupdates.

sections’compare®’ and’estimateDifTo’ areusedfor comparingdatabasegnd’getUnique’is an
optimizationfor serializatiorwhich avoids serializingthe samevaluetwice.
Theconcretamplementationsf theabstracDBValueandDBValueUpdatelassesrelocatedin

aseparatsubpackagévalues”.

Constraints

Constraintsare usedfor query update,and deleteoperationgo the database.They specify which
recordsare affectedby an operation. Classdiagram6.11 shows the classedisedto constructcon-
straints.ThecompoundBAndConstrainfollows the compositepattern.

interface
DBConst r ai nt

+bool ean accept

Q |

...constraints. DBAndConstr ai nt

- -
+i nt appendToPrepSt nt

+int fillPrepStnt

+bool ean accept

+bool ean needsBracket sW t hi nAND
+String debugString

+int appendToPrepSt nt

+int fillPrepStnt

+bool ean needsBracket sW t hi nAND
+String debugString

...constraints. DBVal ueConstrai nt

...constraints. DBSQ.Constrai nt

DBVal ue[] val ues

String SQL

+int appendToPrepSt nt

+int fillPrepStnt

+bool ean accept

+bool ean needsBracket sWt hi NnAND
+String debugString

+i nt appendToPr epSt nt

+int fillPrepStnt

+bool ean accept

+bool ean needsBracket sW t hi nAND
+String debugString

Figure6.11: Constraintlassesisedfor databaseueriesupdatesanddeletes.

A null valueasa constrainreferencaneansno constraint’by corvention.A DBValueConstraint
selectsall recordswhich include the valuescontainedin that constraint. DBSQLConstrainis an
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arbitraryconstrainformulatedin SQL.

Normally, constraint@areusedonly in statementsexecutedby thedatabasengine putthereis also
amethod'accept'which tells whethera DBRecordwould be acceptedy thatconstraint.This func-
tionality certainlydoesnt work for constraintformulatedonly in SQL; onewould have to subclass
DBSQLConstrainandimplementthatmethodconsistentlyto achieve that.

The methodsappendbPrepStmtandfillPrepStmt’ of DBConstraintareusedthe sameway as
thatof the DBValue[Updatetlass.Theformerappendsheconstrainexpressedn SQLto aprepared
statemenstring,andthelatterfills in ary necessaryaluesafterthestatementvascreated Depending
ontheJDBCdriver, performancef preparedtatementss currentlynotoptimal;acachefor prepared
statemenmightbe useful.

The implementation®f the DBConstraintinterface have beenput into a separatesubpackage
named‘constraints”.

Support and Optimizations for Comparisonand Updates

Someof the mechanisndescribedabove are designedespeciallyfor comparingdatabasesand for
efficiently generatingsmall serializedupdates Thefollowing is alist of someof the mechanisnand
optimizationsservingthesepurposes.

The ability to serialize someobjectsfrom thedatabasabstractiorayeris only usedo includethose
objectsin compoundSmartUpdateswvhich aretransmittecand/orstoredpersistently

Value updates weredesignedolelyfor thepurposenf reducingthesizeof updatesSincethismakes

only senséf the updaterepresentatiolis smallerthanthe updatedvalue, this is only imple-
mentedfor stringvalues.asalreadymentioned.
Anothereffectis, thatif mary valuesin a columnwereupdatedhe sameway, the updatemay
needto be serializedonly oncewithin acompoundSmartUpdate.The preconditiorfor this is
thatall updatesareexpressedequally An examplefor this might beinsertinga stringinto all
valuescontainedn a column. Transmittingall the changedvalueswould be more expensve
thantransmittingthe changeitself. At least,evenif equivalentupdategesultingin different
valuesareserializedmorethanonce,they canbe compressetetterthanthe new valuesthem-
sehes.

The method getUnique() implementedby DBValuesrespectrely DBValueUpdateseturnsunique
instances.This ensureghat equalvaluesin a columnalwaysresultin the sameDBValue ob-
ject. Respectiely, equivalentupdatesarerepresentelly the sameobject,asalreadymentioned
above.

Sincethe compoundSmartUpdatesthe valuesare containedin will be compressedthereis

only alittle gainin space.But asexperiencehasshawvn, thereis a significantdecreasef (de-

)serializationtime. The time it took to deserializelarge updatescontainingmary DBValue
objectsdecreasefrom severalminutes(!) to asecond.

Onedrawbackis thatthe mechanisnof generatinguniquevaluesis currentlyimplementedy

a singlehashtablavhich never forgetsvaluesandthereforetendsto grow very large. A usage
countpergetUnique()call and/ora LRU algorithmwould solve this problem.

The DBValue.compaeTo() method comparesecordsn termsof asortorderequialentto thatused
by thedatabasengine.Thisis usedby the databaseomparealgorithms.
This way of comparingis not alwayspossible,ase.g. the orderof stringsgenerallycant be
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determinedSection6.4.3illustratesthereasongor this. So, if two valuescant becompareda
DBUncomparableExceptida thrown.

The DBValue.estimateDiffTo() method is usedsolely by the heuristiccomparealgorithms.As the
namesuggestsit returnsan estimatedifferencebetweentwo values,which is expressedy
adoublevalue. If andonly if two valuesareequal,’0.0’ is returned.But notethatusingthe
‘equals’ methodis the preferredandfasterway of checkingwhethertwo valuesareequal. As
alreadymentioned,DBValuesare only considerecequalif they were producedby the same
DBColumn.

SQLHelper

The following simple classdiagram6.12 shav the SQLHelperclassassociatedvith the database
connectiorDBConnection.

DBConnecti on SQLHel per

+String schemaNane connection +bool ean schemaSupport ed

+DBRecor dEnuner ati on doQuery
hel per +voi d doDel ete
> +voi d doUpdat e
+voi d dol nsert

+DBTabl e get Tabl e

+voi d begi nTransaction
+void conmit

+voi d rol | back
+void close
+String toString

Figure6.12: HelperclassSQLHelperfor producingSQL statements

The SQLHelperclasswas introducedto concentrateall SQL statementgieneratedvithin the
databasabstractiodayerwithin oneplace.Adaptingthe databasabstractiorayerto anincompati-
ble databassystencanthenbe doneby subclassinghe SQLHelperandmodifying DBConnectiorto
determingheappropriateSQLHelpersubclasbasece.g.onthe JIDBCURL. Thatavoidsintroducing
bugsinto the codeusedfor otherdatabaseystemsasthereis no needto changehatcode.

Simulation of Record Changes

Thissectiondescribessmechanisntuilt for theoptimizersubsystemyhichwouldallow anoptimizer
subsystento simulaterecordupdates.

Thereis supportfor asimulationof recordchangesuilt into thedatabasabstractiodayer. It was
initially designedo supportsimulationof deletionandmoving of records.This meansidingrecords
respectirely changinghe primarykey of recordsdeliveredby a recordenumerationandwasnamed
‘remap’. Thepurposewvasto allow anoptimizersubsystento simulatethe deleteandmaove operations
occurringlogically beforetheupdateoperationsasdescribedn the‘DatabasélableUpdates'section.
But sincetheideaof the optimizersubsystemvasdroppedthis mechanisnis currentlynotused.

Classdiagramg.13shovstheclassesndinterfacesusedfor remappingecords.An objectwhich
wantsto changeherecordsdeliveredby arecordenumeratiomasto implementhe DBRemagpinter-
faceandwrapa DBRecordEnumRemapimproundthe sourceDBRecordEnumeration.

6.4.2 DatabaseUpdates

In this section theimplementedlatabasepdateoperationsare described.The conceptusedhereis
that a databaseschemaupdateis a collectionof table updateswhich consistof atomic updateop-
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interface
DBRecor dEnhuner at i on

+DBCol umSet get Col ums
+bool ean hasMr eRecor ds
+DBRecor d next Record

A Source

DBRecor dEnunRermapl npl interface
si mul at or

DBRecor dRenmap

+DBCol utmSet get Col umms
+bool ean hasMr eRecor ds
+DBRgcord next Recor d

+bool ean renmap

Figure6.13: Classesandinterfacesusedfor recordchangesimulation

erationsnamelyINSERT, UPDATE and DELETE operations.The databasaschemaupdateitself is
neitherfoundin this sectionnor in the paid.datamee.dbupdategackagdt describesbut is imple-
mentedin the problemdomainspecificpackagessthe SmartUpdates.This is becauseahereis no
generakule describingwhich tablesarecontainedn a databasechema..

Theclasseslescribedn this chapterarelocatedin the packagépaid.datamee.dbupdates’.

Atomic Record Update Operations

Theatomicrecordupdateoperationsepresenthe standardSQL recordupdateoperationsTheinter
faceDBRecordUpdatés implementedy all atomicrecordupdatesAtomic’ meanghattheupdate
is expressedsasingleSQLINSERT, UPDATE, or DELETE statementTheimplementedperations
are:

Singlerecordupdates, which affect only a singlerecord: deleting,inserting,updating,andmoving
records. Moving a recordmeanschangingits primary key valuesandis a specialized
form of anupdateoperation.

Single record updatesmplementan interface (DBSingleRecordUpdateyhich allows
somekind of introspectionby queryingvaluesfrom the primary key of the recordthe
operationwill affect.

Multi recordupdateoperations, namelydeletingand updatingsomerecordswhich matcha given
constraint. The standarccomparealgorithmsavailabledo not generateéheseoperations
yet. The DBADbstract. . Recordsoperationgmplementthe commonbehaior of single
andmulti recordupdates.

Diagram6.14shows theinterfaceandclasshierarcly of theupdateoperations.
The mainmethodimplementedy anupdateoperations 'execute’,whichis givenareferencdo
adatabas¢ablethe operationshouldbe executedn.
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interface
DBRecor dUpdat e

+voi d execute
+String debugString

r— - — — - — — — — /1
DBAbst r act Del et eRecor ds interface DBAbst r act Updat eRecor ds
Serializable DBSi ngl eRecor dUpdat e Serializable
+DBVal ueUpdate[] val ueUpdat es
+voi d execute +DBVal ue get Val ueFr onPKey +voi d execut e
tString debugString A A A +String debugString
F——— | ===
DBDel et eSomeRecor ds | | | DBUpdat eSoneRecor ds
DBConst rai nt constraint | | | DBConst raint constraint
DBDel et eSi ngl eRecor d DBl nsert Record DBUpdat eSi ngl eRecor d
Serializable
+DBVal ue[] get PKey +DRVal uell val ues +DBVal ue[] get PKey
+DBVal ue get Val ueFr onPKey +voi d execute +DBVal ue get Val ueFr onPKey
+DBVal ue get Val ueFr onPKey
+String debugString

DBWbveRecor d

+DBVal ue[ ] get NewPKey

Figure6.14: Classdiagramof databaseecordupdateoperations

Table Updates

Theseare mainly containerdor updateoperations.As shavn on figure 6.15, therearetwo typesof
tableupdates.DBSimpleableUpdatecontainsonly delete,update andinsertoperationsDBTable-
Updateaddstheability to move recordswhich meanschangingvaluesin the primarykey of records.

Theoperationareexecutedn thefollowing order: delete move, updatejnsert.It is importantto
definethis ordersinceit affectstheresultsof the operationsThis executionorderwasdevelopedout
of thefollowing constraints:

e Deleteamustbe executedbeforeinsertsto avoid possibleprimarykey conflicts.

o It is moreefficientto executedeletesheforeupdatesandupdatedeforeinserts(therearefewer
recordshatareupdated).

A consequencef thisis thatthe primary key of DBAbstractUpdateRecordgperationgefersto the
new primarykey of movedrecords.The next sectionexplainsamongotherthingswhy move opera-
tionshave beenputinto a specializedgubclas®f DBSimpleTableUpdate.

DBSimpleTbleUpdatgrovidesa methodvisit(), which allows a classimplementinghe DBSin-
gleRecordUpdatesitor interfaceto visit all recordupdatest contains.
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DBSi npl eTabl eUpdat e
Serial i zabl e

String tabl eNanme

+voi d addUpdat e
+void visit

+voi d execute
+voi d debugPri nt

86

* |del etes

DBTabl eUpdat e

+voi d addUpdat e
+void visit
+voi d execute

0

DBDel et eSi ngl eRecord
DBAbst r act Del et eRecor ds

+DBVal ue[] get PKey
+DBVal ue get Val ueFr onPKey

Moving Records

*

updat es

*

inserts

DBUpdat eSi ngl eRecor d
DBAbst r act Updat eRecor ds

+DBVal ue[] get PKey
+DBVal ue get Val ueFr onPKey

noves

DBMbveRecor d

|
|
|
|
|
V

DBI nsert Record
Serializable
+DBvaluel] values
+voi d execute
+DBVal ue get Val ueFr onPKey
+String debugString

V

+DBVal ue[] get NewPKey

interface
DBSi ngl eRecor dUpdat e
DBRecor dUpdat e

+DBVal ue get Val ueFr onPKey

Figure6.15: Classdiagramof databas¢éableupdate

Thereis a problemwith changingthe primary key of records,considerthe following examplé:
2->1,1->2. If you would try to executethe two updatesn this exampledirectly asSQL UPDATE
operationsthefirst would fail with a’duplicatekey’ error, becausé¢hereis alreadyarecord’l’. Turn-
ing off the primary key constraintwouldn't solve the problem,becausehe secondoperationwould
thenaffect bothrecords(think aboutthat). This problemis equivalentto swappingthe valuesof two
variables:you needa temporarystorage.ln our case this is an unusedprimarykey value,which is
givento DBTableUpdateat constructiontime. Becausenovesdon't occurin every table, DBSim-
pleTableUpdatevasintroducedwhich doesnt needthatvalue.
Thefollowing is the algorithmusedto executemoves:

2Theexampleggivenin this sectionassumehatall recordsareaddressednly by a singlenumber
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1. All movesareinitially putinto a hashtableto allow randomaccesgo them. The key usedto
accesshe movesin thathashtablés theold primarykey of themaoves.

2. If thehashtablés empty we arefinished

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

4. If thetargetof thelastmaove in the chainis foundin the hashtablethe correspondingnove is
removed from the hashtableandappendedo the chain. This continuesuntil the tamget of the
lastmove in thechainwasnt foundin thehashtable.

5. If thechainformsaloop, which meanghetargetof thelastmove in the chainis the sourceof
thefirst, thechainis brokenup usingthetemporarykey value,e.g.thechain“1->2, 2->5,5->1"
would becometmp->1, 1-2,2->5,5->tmp”.

6. Thechainis executedn reverseorderandcleared.Continuewith step?2.

Note that this algorithm only works if the move operationanalke sense. Moves forming e.g. the
following chain: “1->2, 2->3, 3->2" areinvalid. Suchloops“in the middle” of the chaingenerally
don’t make ary sensesincetheresultis notuniquelydefined.

6.4.3 DatabaseCompare Components

Thissectiondescribeshedatabaseompareeomponentsvhich canbeusedo build upthecustomized
comparesubsystemsgor the problemdomains. The task of the comparesubsystenis to generate
minimal operationsvhich transformanold versionof datainto a new version.

The main non-functionakrequirementgor the designof the databaseomparecomponentsvere
thatthey shouldbe extensibleand scalable. The former meansthat thereshouldbe mary possible
waysto add new functionality to allow the analyzertool to be usedon databasef yet unknavn
problemdomains.Thelatteris a very importantrequiremensincethe amountof datathatshouldbe
compareds not known in adwance. A consequencef the scalabilityrequiremenwasthat nothing
is held totally in memory The databaseomparecomponent®perateon DBRecordEnumeration
sourceshatdelivertherecorddik e streams.

Thedifferentalgorithmsandheuristicsdescribedherecanbeusedin two ways: First, they canbe
pluggedtogetherin the mostsuitableway andcustomizedisingtheir parametersSecondthey can
be extendedby new algorithmsandspecializedrersionsof existing ones.

Someof the comparemethodscan be usedvery straightforward, e.g. simply usingDBCom-
pareMethodlteratingp iterateover the recordscontainedn the old andthe new table. Othershave
mary differentparameterandarequite complicatedo use.

The classdiagram6.16 shawvs the databaseomparecomponents.The next sectioncontainsa
smallexamplecodefragmentandsequenceiagramwhich will demonstratéheir usage.

Onthetoplevel thereareoneor moreDBCompareSchemiastancesvhich just usedifferentDB-
Compared@bleobjectsfor eachtablethe schemacontains. DBCompare@bleimplementsthe inter-
faceDBRecordSourcayhichmeansnainlythatit implementswo methodsvhichdelivertherecords
from the old versionandthe new versionof thetable,respectiely.

For eachtable, a comparemethodis defined. This comparemethodcan either be one of the
classeshavn on the bottom, or one of the two partitioningclasses.The formerrepresentnethods
of comparingrecords gachexplainedin oneof thefollowing sections.Thelatterdivide thetableup
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DBConpar eSchema DBConpar eTabl e
Conpare
DBConnecti on ol dCon
DBConnect i on newCon tabl es = |*tvoi d getUpdates
=1 +DBTabl eDescri ption get Tabl el nfo
- +DBConst rai nt get Di vi si onConstrai nt
+voi d get Updat es +DBRecor dEnuner ati on get O dRecor ds
+DBRecor dEnuner ati on get NewRecor ds
|
|
interface
DBConpar eTabl ePartition DBRecor dSour ce
DBConst raint division I _D
+DBTabl eDescri pti on get Tabl el nfo —
+DBConst rai nt get Di vi si onConstrai nt :i&bl eDe;crl pti I(;n _ge.t Tal():IOeI nf o_
+DBRecor dEnuner ati on get O dRecor ds current source nstraint get. vi'si onConst rai nt
. +DBRecor dEnuner ati on get O dRecords
+DBRecor dEnumerati on get NewRecords +DBRecor dEnuner ati on get NewRecor ds

A

I creates
I fetches records frorr
creat esl |

I DBPartiti onByCol umsParti al | conpar e net hod
I String[] dividingCols b — — — — — — — — — D int erface
+voi d conpar eRecor ds <<al gori t hnmp>
| conpare met hod DBConpar eMet hod
DBPar ti ti onByCol urms
string[] dividingCols | __ __ — — — — — ™/ ™/ —/— ™/ — — — _D +voi d conpar eRecor ds
+voi d conpar eRecor ds conpare met hod

DBConpar eMet hodl terati ng

String[] sortCol Nanes
bool ean partial
+voi d conpar eRecords

DBConpar eMet hodFi ndBest Mat ch
String[] sortCol Nanes

DBConpar eMet hodPar ti al

+voi d conpar eRecor ds +voi d conpar eRecor ds

Figure6.16: Databaseomparecomponents

into partitions,and createa new recordsourceDBCompare@bleRrtition for eachpartition. Each
partitionis thencomparedseparatelysingthe comparemethodassignedo the partitioningmethod.
Thesemechanismsuild up an principally unlimited chain of partitioning methods,eachcreating
smallerpartitions,until oneinstanceof DBCompareMethod. is usedio compareherecordsin the
last, finestpartition.

In generalthereatwo reasondor creatingpartitions.Thefirstis thatthe new versionof thetable
might include only a subsetof the datacontainedin the old (for example,only a supersebf new
andchangedata). The DBPartitionByColumnsBrtial methodcanthenbe usedto determinewhich
partitionsare availablein the new versionand compareonly thesepartitions. The secondreasons
thatsomecomparealgorithmsmighthave a non-linearcompleity, sodividing thetableup into small
partitionsguaranteescalability Currently DBCompareMethodFindBestMatihithe only compare
methodwherethis might bethecase.
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Simple Example

An imaginaryexample: We aregettingdataaboutvehiclesthathadbuilt-in deficienciesvhich were
not detectedbeforethey weresold. This datashouldbe loadedinto a consolidatediatabaséolding
datafrom all factoriesn theworld. Thedatais organizedby country compary, factory andavehicle
identificationnumber

Thefollowing table(6.1) shavs theimaginary deficiengy’ databaseéabledefinition.

| country | compay | factory | vehicle | built date| deficieny | ... |
“USA” “‘GM” 123..01| 11/11/98

“‘Germary” | “BMW” | Munichl

Table6.1: ImaginaryExampleof 'deficiengy’ database¢able

Deficieny datais collectedfrom the serviceoutletsin eachcountryanddeliveredasa monthly
snhapshoto the consolidateddatabase.Unfortunately due to a bad designof the datacollection
processednformationaboutwhenthe deficienciesvere detectedr which recordsareactuallynew
or changeds not available. The databasavas maintainedsince1970, andit turnedout thatsome
deficiencieshave beenfound as late as after 20 years. The databasegrew to about200 Gigabytes
nowadays. It is mirroredat somesitesfor evaluationpurposesbut distributing the whole database
after eachnew snapshotvould be too expensve andonline accessvas consideredo be not secure
enough.Sotheanalyzertool is usedto detectthe actuallychangedandnew records.The generated
updateswhich are compresse@nd only about500KB/day are then distributed at a high security
level.

The following codefragmentshavs how the comparemechanismis pluggedtogetherfrom the
comparecomponentso detectwhich recordswereactuallychanged.lt is assumedhatthe consol-
idateddatais in the databasémain”, schemd'topsecret’andnewn snapshot$or Germary andthe
USA have beenloadedinto a separatelatabasésnapshots”.

ol dCon
newCon

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

iterate = new DBConpareMet hodl terating( new String[] {"conmpany","factory","vehicle"} );
partition = new DBPartitionByColumsPartial ( new String[] {"country"}, iterate );
conpar eTabl e = new DBConpar eTabl e( "defici ency", partition );

conmpar eSchema = new DBConpar eSchena( ol dCon, newCon, new DBConpareTabl e[] { conpareTable } );

conpar eSchema. get Updat es( t heUpdat eBui | der );

ThatexamplecodealsodemonstrateBow easyit canbeto build acompareool for yetunknovn
problemdomainsby only pluggingtogethetthe databaseomparecomponentslescribechere.

Diagram6.17illustratestheinteractionafter“getUpdates()’is called.

In general the interactionbetweencomparecomponentsonsistsof a 'down chain’ of method
callswherethe’compareRecordshethodof eachpartitionis calleduntil thefinal comparealgorithm
is reachedandtwo 'up chains’ of methodcalls throughall the partitioningcomponentavhenthe
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schemn conpar eDefici ency partitionCountry currentPartition conpar eMet hod
... DBConpar eSchema ... DBConpar eTabl e ...DBPartitionByCol umsParti al ... DBConpar eTabl eParti tion ... DBConpar eMet hodl t erati ng
J 1: getUpdates l l l l

2: conpar eRecords(t his) | | |

3: get NewRecords | |

4: 'return: partition enuneration’ | |

5: 'create for country = "USA"’

6: conpar eRecords(currentPartition)

8: getd dRecords 7: get A dRecor ds

9: 'return: old records for "USA" 10:

11: get NewRecor ds

12: get NewRe: ds

13: 'return: new records for "USA" 14:

15: ' compare ...’

16: 'create for country = ”Germany":’l_

17: conpar eRecords(currentPartition)

19: get O dRecor ds 18: get d dRecor ds

20: 'return: old records for "Gernany"’| 21:

23: get NewRecor ds 22: get NewRecor ds

24: 'return: new records for "Germany"’ 25:

26: 'conpare ...’

Figure6.17: Examplefor interactionbetweercomparecomponents

comparealgorithmrequestghe recordsfrom the old andthe new versionof the table, respectiely.
In theseup chains,eachpartitioneventuallyaddsits own partitioningconstraintgo the argumentsof
theget... Recordscall, usingthe compounddBAndConstraintlescribedvithin the sectionaboutthe
databasabstractiodayer.

Descriptionsof Indi vidual Compare Components

Thefollowing aredescription®f the currentlyimplementediatabaseomparecomponents:

DBPartitionByColumnsPartial compare®nly the partitionsthatarein thenew versionof thetable.
Somecolumnsaregiven at constructiortime which identify the partitions. It is obviously not
possibleto detectdeletedpartitionsusingthis partitioningscheme.

DBPartitionByColumns looksfor partitionsin the old andin the new versionof thetable. It calls
thenext compargor partitioning)methodin thechainfor eachpartitionthatis eitherpresenin
theold version,in thenew version,or in bothversions.Partitionsarealsoidentifiedby a setof
columnsgiven at constructiortime. The DBPairRecordslassdescribedn the next sectionis
usedto identify whethera partitionwasdeleted changedpr newly created.
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DBCompareMethodPartial can only detectchangedor newly createdrecords. For eachrecord
foundin the new versionit searchesor in the old one. Becausea getOldRecordsgall is gen-
eratedfor eachnew or updatedrecord,this methodshouldonly be usedif the numberof old
recordss muchlargerthanthe numberof changedr new records.But evenin this casetrying
to find well-sizedpartitionsis the preferablevay becauset is muchfaster

DBCompareMethodlterating iteratesover the recordsfoundin the old andthe new versionand
detectsleletedupdatedandinserted-ecords Recordsnustbeuniquelyidentifiedby thevalues
foundin the column(s)givenat constructiortime. Otherwise an exceptionis thrown. Record
maovescanalsobedetectedf anything elsethantheprimarykey is usedto identify therecords.
This classusesthe utility classDBPairRecordsto determinewhethera recordwas deleted,
changedpr newly inserted.A switch may be given whenconstructingnstancesf this class
whichwill suppresgeneratingecorddeletesThis enablesupplyingonly asubsebf thedata
asnew data.

DBCompareMethodFindBestMatch is the mostpowerful comparemethodyet but the mostdiffi-
cultto use.As thenamesuggestit triesto find the bestmatchbetweertherecordsrom theold
andtherecordsrom the new version.Recordgor which a counterpartouldbefoundarecon-
sideredupdatedand/ormaoved, the othersareconsideredsdeletedrespectiely insertedones.
Detailsabouthow this algorithmworks canbe foundin the section’Finding BestMatching
Recordsbelow.

The currently implementedcomparecomponentsall sort, partition, and/orcomparebasedon the
valuescontainedn oneor morecolumns.If adifferentapproachs neededbasedon e.g. combined
or derivedvaluesthepresentlassesaneasilybe extendedo accommodatthis by subclassinghem
or generatingnew implementation®f the interfaces. Also, the designallows to useyet unknovn
comparealgorithmsspecializedor theindividual problemdomains.

Finding Matching Record Pairs.

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

In generaltherearetoo mary recordsin the databasew® beall heldin memory Sothedatabase
comparecomponentslescribedabore work onrecordstreamgDBRecordEnumerationyyhich guar
anteesscalability asthe sizeof the databaseis principally unlimited. They reada streamof records
from the old andthe new version,respectiely.

Eachof thosepartitioningor comparealgorithmsusessomediscriminatingcolumnsto determine
whetherapairof recordgespectrely recordgroupsfoundin theold andnew versionbelongdogether
The recordsreadfrom the databasearefirst sorted(ascendingpy thesecolumns, thenthe values
in thesecolumnsare compared.If they matchbetweenthe old andthe new version,a recordpair
wasfound. If they matchamongseveral recordsfrom the old andthe new versionrespectiely, a
matchingpair of recordgroupswasfound. But whatif they do not match? Which of the records
shouldbe consideredasinsertedor deleted? The answeris easy: If the recordreadfrom the old
versionis smallerthanthe other it wasdeletedjf therecordfrom the new versionis smaller it was

3Note thatit is importantfor thesealgorithmsthat the recordsfrom the old andthe new versionof the databasere
deliveredusingthe samesortorder Databasefrom differentvendorsand/ordifferentdatabaseodepagesight produce
incorrectresultswhenstringcolumnsareusedassortkeys. Also, the sortingof NULL valuesdiffersamongDBMSs.
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inserted. The following exampledemonstratethis, usinga single numericcolumnfor sortingand
discriminating:

deleted (3) 111 :_;’120
120 22
122 .
124 4/%///:125 ~|inserted (7)
deleted (8)| 439 Nw
140 201

record group

Figure6.18: Exampledemonstratinglgorithmfor matchingrecordpairs

This works nice for numericcolumns,becausevery databasesortsthis type of columnin the
sameway. But this is not the casefor stringscolumns. The sortorderof string columnsdepends
on the codepageand collation order selectedvhen the databasevas created. Thereis no way to
determinevia the JDBC driver how the databaseomparesstrings,and simulatingall the available
collationswould be atime consuminganderrorpronetaskarnyway. Anotherpossibilitywould beto
askthe databas¢o comparethe strings,but this would be very slow. And eventhatwouldn't work.
Whenl wassearchindgor a way to comparestringsthatwould be the leastcommondenominatoof
the big databasenanagemengystems] droppedthe ideaof comparingstringsimmediatelyafter |
readthe Oraclemanualdescribingthe differencebetweera VARCHAR anda VARCHAR2 column.
However, how VARCHAR columnsaresorteddepend®ntheversion(!) of thedatabassenerused:

“The VARCHAR datatypes currentlysynorymouswith theVARCHARZ2 datatype How-
ever, in a future versionof Oracle,the VARCHAR datatypemight be changedo use
differentcomparisorsemantics.

| decidedto useanotherapproach.l implementeda lookaheadalgorithmin DBPairRecordswvhich

readsandstoresecordsrom bothstreamauntil it findsthe smallesmatchingor comparablgair. For

eachrecordreadfrom oneof the streamsall recordsfrom the otherstreamstoredalreadyaretried,

until acomparablgoair is found. Note thatequalrecordsarealwayscomparable Thenit is decided
whichrecordsaredeletedor insertedn away similarto thatdescribedabove.

Unfortunatelythis algorithmhasn? compleity, wheren is only thenumberof insertecbr deleted
records,not the total numberof recordscontainedin the partition currently compared. If nothing
changedbetweenthe versions,the compleity is just 1, becausehe first pair readis thenalready
matching.If oneof the partitionsis empty the compleity is 1 aswell.

Finding BestMatching Records

The comparealgorithm DBCompareMethodFindBestMatdhies to find the bestmatchingrecords
from the old andthe new versionof the data. It first sortsand groupsthe recordsby the columns
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definedat constructionusingthe DBPairRecordautility describedn thelastsection.It thenusesan
arbitraryimplementatiorof DBCompareBestMatchingRecongkichfindsthebestmatchingrecords
from the old andthenew recordgroupandcompareshem. Singlerecordsor wholerecordgroupsfor
which no matchcouldbefoundarerememberedor later processingWhenthe endof the partitionis
reachedall recorddor whichnomatchcouldbefoundaregivenasecondimeto thatimplementation,
sincesomerecordanighthave changedheircorrespondingecordgroupbetweertheold andthenev
version.

It canbeadifficult thingto find theright attributeswhich producesmallrecordgroupsfor thefirst
passbut don't producetoo muchrecordswhich changetheir recordgroupandmustbe processedh
thesecondpass.A goodstartis to useattributeswhich changevery seldomanddescribea recordas
accurateaspossible.

Clasgdiagram6.19shavsthecurrentlyimplementedlassesvhichareusedo find thebestmatch-
ing recordsn arecordgroup.

DBConpar eMet hodFi ndBest Mat ch at cher interface
... findbest. DBConpareBest Matchi ngRecords

+get Sort Col utmNanes: String[]
+mat chRecords: voi d

+conpar eRecor ds: voi d

... findbest. DBConpar eBest Mat chi ngRecor dsl npl

interface
estimior ... findbest. DBEsti mateRecDiff

+get Sort Col utmNanes: String[]

+mat chRecor ds: voi d tgetDiff: double

...findbest. DBEsti mat eRecDi f f | npl

+get Di f f: doubl e

Figure6.19: Classesisedto find bestmatchingrecords

Thecurrentlyonly implementatiorfor finding the bestmatchingpair of recordsn apair of record
groupsis DBCompareBestMatchingRecordsimpil.usesaninstanceof DBEstimateRecDffto esti-
matethe differencebetweeranold anda new record. The getSortColumnName®methodprovidesa
hint for the sortorderin a recordgroupwhich helpscompletingthe searchfor matchingpairsfast.
Thefollowing algorithmis usedto find the bestmatchingpair. It worksonthetwo inputarraysgiven
to thematchRecordmethoddescribedhere.

1. For eachpair processedt first checksif the estimatedlifferenceis belowv a givenlimit. If so,
therecordpairis immediatelycomparedandremovedfrom theinput.
This guaranteealinearcompleity if therewasno changebetweertheversions.

2. Theestimatedlifferencetogetherwith the indicesof the recordpair is insertedinto a priority
gueue,if the differencedoesnt exceeda definedlimit. Stepl and 2 are executeduntil the
differenceshetweenall pairs have beencalculatedandall valid pairs have beenput into the
queue.

3. Thepairwith thelowestdifferences selectedrom thequeue.
If oneof thetwo recordsfrom that pair was alreadymatchedwith anothermrecord,the pair is
discarded. This is why the indicesinto the input arraysare put into the queue,and not the
referenceso therecords:otherwise alreadymatchedecordscouldnt be detected.
If both indicesare valid, the pair is comparedwhich means the changesetweenthe two
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recordsaregeneratecésupdates.
This continuesuntil eitherthe priority queueis empty or thereareno recorddeft which could
bematched.

Thisalgorithmis basednalocal optimization.lts worstcasecompleity is n?, wherenis thenumber
of recordsin theinput arrays.If oneof theinputarraysis empty the compleity is 1, sincethereare
no pairsthatcouldbematched.Thelocal optimizationcanproducefar from optimalresultswhenthe
differencexalculatedy theestimatorarenot adjustedvisely. Thesection6.5.3aboutcomparinghe
footnotetablescontainedn the EPCdatabasgivesanideaof whatmight happenvheninadequate
differencesareestimated.

Thecurrentlyonly implementatioravailablefor estimatingthe differencebetweertwo recordss
DBEstimateRecDffmpl. It just addson the differencescalculatedfor eachvalue containedn the
records. By default, eachvalue which is differentbetweenthe two recordsis weightedwith 1.0.
But for somespecialcolumnsspecifiedat constructionchangegenaltieDBColumnPenaltyganbe
givenwhich consistof aweightanda limit. The DBValue.estimateDiTo() methodis usedfor these
columnsto calculatethe difference. This differenceis thenmultiplied with the givenweightbut cut
off atthe givenlimit. As alreadymentionedabove, the sectionaboutcomparingthe EPC database
containssomeexampledfor usingthis mechanism.

6.4.4 Building DatabaseUpdates

This sectiondescribeghe databaseipdatecomponenivhich is deliveredto the updatebuilder sub-
system.Diagram6.20shavs theinvolvedclasses.

interface
... bui | d. Updat eConponent

... db. DBTabl eDescri pti on
+String tabl eName
+int[] pKey
DBUpdat eConponent Pr oducer | tabl el nfo +DBCol ummSet  get PKey
DBUpdat eConponent +bool ean i sPKeyCol um

produces
+voi d produceDel et es —_— =
updat e

+voi d producel nserts o— interface

+voi d conpar eRecor ds ... db. updat es. DBRecor dUpdat e

+voi d execute

+String debugString

Figure6.20: Classdiagramshoving databasepdatecomponent.

To beacceptedy theupdatebuilder subsystemhedatabasepdatecomponenhasto implement
thetagginginterfaceUpdateComponeniThe databasepdatesare producecdby the DBUpdateCom-
ponentProduceits methodshavn on the diagramarecalledby the comparecomponentslescribed
in the previous sectionwheneer deletedor insertedrecordsweredetectedpr two recordsshouldbe
compared.

The updatecomponentcontainsa recordupdateoperation(DBRecordUpdate)which was de-
scribedin the sectionaboutdatabasaipdates. It also containsa referenceto a descriptionof the
tablethe updateoperationbelongsto. Otherwise the updatebuilder wouldn't know to which table
the recordupdateoperationbelongs. Puttingthe informationaboutthe tableinto DBRecordUpdate
would betoo expensie whenthe updatesreserialized.
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6.4.5 Implementationsof the Temporary Update QueueManager

Classdiagram6.21shavs theimplementation®f the TmpQueueManagénterface.

interface
TnpQueueManager

+voi d renoveAl | Updat es
+Updat e get Updat e

+voi d put Updat e

+Stringl] getAl |l Updatel ds

TnpQueueManager Mem npl

... DBTnpQueueManager | npl

+voi d renoveAl | Updat es
+Updat e get Updat e
+voi d put Updat e

+voi d renoveAl | Updat es
+Updat e get Update
+voi d put Updat e

table

pai d. dat anove. db. DBTabl e

+DBConnection con

+DBRecor dEnuner ati on query
+void delete

+voi d update
+void insert

+String[] getAll Updatelds +String[] getAll Updatelds

+void witeCache

Figure6.21: Implementation®f TmpQueueManager

The DBTmpQueueManagerimpgtoresthe updatesnto a database¢able. Sincethe updatesnust
beserializedanddeserializedo bestorednto thedatabasehis canberatherslow. A fasteralternatve
is TmpQueueManagerMemImpthichusesahashtableéo storetheupdatesBut thisimplementation
cannotalwaysbe used,since,dependingon the problemdomain,the generatedipdatescanbecome
too big to beheldin memory

An examplefor the useof thetemporarygueuemanagecanbefoundin section6.2.1,describing
thegeneralupdategeneratosubsystem.

6.4.6 Implementation of the Public Update QueueManager

Classdiagram6.22 shavs the currently only implementatiorDBUpdateQueueManagerimpf the
UpdateQueueManaggterface.

Thatimplementatiorusesa databas¢ableto storethe updatepermanentlyor publicaccessThe
performanceroblemis the sameasmentionedor thetemporaryupdatequeueabore.

TheUpdateQueueFiltenterfacewasintroducedo allow apreselectiof updatedeforethey are
retrieved from the databaseThe updatesanbe preselectedhasedon the informationthatis passed
to theacceptmethod,which is the updateidentifier, the timestampandtheinformationaboutnewly
introduceddatasubsetsThelocal datadescriptionLocalDataDes@implementghis interfaceandcan
be useddirectly to selectthe appropriataupdatesrom the queue. The sequenceliagramshavn for
the SimpleApplysubsysten(6.4) illustratesthis.

6.4.7 LocalData Implementedfor Relational Databases

DBLocalDatais usedto representocal datathatis storedwithin a relationaldatabaselt is usedby
the SmartUpdatesto get a referenceo the local datathat shouldbe updated. Classdiagram6.23
shavstheinvolvedclasses.

The databaseepresentethy a DBLocalDataobjectis accessedia anassociatedBConnection
object. ThetransactiorsupportingmethodsbeginTransaction()commit(), androllback() areimple-
mentedby calling the respectre methodson the DBConnectionobject. The descriptionof the data
storedin thedatabaseg LocalDataDesobject,is storedpermanentlyn atablecontainedn thesame
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interface interface
Updat eQueueManager Updat eQueueFi | ter

uses for_presel ection
—uses _for_preselection —

+Updat e get Updat e +bool ean accept
+voi d put Updat e +l ona firstTine
+Dat aSubset [] get Updat edSubset s A

+voi d begi nTransacti on |
+void conmit

+voi d rol |l back ... Local Dat aDesc

+Dat aSubset get Subset

+long firstTime

A +voi d set Local Data
| +voi d addSubset

+voi d updat eSubset
| +voi d debugPri nt

... DBUpdat eQueueManager | npl

+Updat e get Updat e pai d. dat anove. db. DBTabl e
+voi d put Update +DBConnection _con

+Dat aSubset [] get Updat edSubset s ét abl e +DBRecor dEnuner at i on query
+voi d begi nTransaction +void delete

+void commit +voi d update

+void roll back +voi d insert

Figure6.22: Implementatiorof UpdateQueueManager

interface
... dat anpve. updat es. Local Dat a

+Local Dat aDesc get Descri ption
+voi d put Descri ption

. ) ) represents ... updat es. Local Dat aDes(
+voi d begi nTransaction B P
+voi d commit
+voi d rol | back +voi d setLocal Data
A +Dat aSubset get Subset

+long firstTine

| +voi d addSubset

| o +voi d updat eSubset
DBLocal Dat a description +void debugPrint

+Local Dat aDesc get Descri ption
+voi d put Descri ption ... db. DBConnecti on
+voi d begi nTransacti on connecti on
+void commit

+voi d rol | back

+String schenmaName
+DBTabl e get Tabl e

+voi d begi nTransaction
+void commit

+voi d rol | back

+voi d cl ose

+String toString

Figure6.23: Classesssociateevith DBLocalData.

databaseThe getDescription(and putDescription(Jmethodsare usedrespectiely to reador write
thatdescriptiorto thedatabase.
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6.5 ProblemDomain SpecificClassedor EPC

This sectiondescribeshe EPCspecificimplementationsThesearethe EPCSmartUpdatesthemain
EPCAnalyzeclass,andthe EPCspecificcomparepuild, andpublishsubsystems.

6.5.1 EPC Updates

The Updatedo the StarRirtsdatabasarestructuredik e the subsetsThe classdiagram6.24 shavs
their hierarcly.

EPCUpdat e
Serializable

interface
paid. datampve. updates. Update
+voi d addUpdat e +voi d execute
+voi d set Dependenci es — — — — [>{+Update getCustoni zed
+voi d set Version +Dat aSubset get Subset
+voi d set New nfo +String get New nfo

+voi d execute +Dependency[] get Dependenci es
+String get New nf o +voi d_debugPri nt
+Updat e get Cust oni zed -
+Dependency[] get Dependenci es
£String tostring

EPCMbdel Cat al ogUpdat e EPCSpVer sCat al ogUpdat e

T

EPCSuppl enment ar yText Updat e
#DBSi npl eTabl eUpdate tabl eUpdate
+voi d addUpdat e
+voi d debugPrint
+Dat aSubset get Subset

EPCMbdel Cat al ogSt at Updat e

#DBS? npl eTabl eUpdat e cat al ogTabl eUpdat e EPCSpVer sCat al ogSt at Updat e

#DBSi npl eTabl eUpdat e nodel Tabl eUpdat e

#DBSi npl eTabl eUpdat e chassi sAggTabl eUpdat e #DBSi npl eTabl eUpdat e speci al Ver si onTabl eUpdat e
#DBSi npl eTabl eUpdat e aggChassi sTabl eUpdat e #DBSi npl eTabl eUpdat e strokeVersi onTabl eUpdat e
#DBSi npl eTabl eUpdat e cgSpVer sTabl eUpdat e #DBSi npl eTabl eUpdat e strokeVsMdel Tabl eUpdat e
+voi d addUpdat e +voi d addUpdat e

+voi d debugPri nt +voi d debugPrint

+Dat aSubset get Subset +Dat aSubset get Subset

EPCMbdel Cat al ogDynUpdat e
#DBSi npl eTabl eUpdat e cgTabl eUpdat e
#DBSi npl eTabl eUpdat e i mageTabl eUpdat e EPCSpVer sCat al ogbynupdat e
#DBSi npl eTabl eUpdat e[] i mageNaneTabl eUpdat es #DBSi npl eTabl eUpdat e svl mageTabl eUpdat e
#DBSi npl eTabl eUpdat e i mageNunber Tabl eUpdat e #DBSi npl eTabl eUpdat e svl mageNunber Tabl eUpdat e
#DBTabl eUpdat e partsTabl eUpdat e #DBTabl eUpdat e svPart sTabl eUpdat e
#DBTabl eUpdat e f oot not eTabl eUpdat e #DBTabl eUpdat e svFoot not eTabl eUpdat e
#DBTabl eUpdat e t abFoot not eTabl eUpdat e #DBTabl eUpdat e svTabFoot not eTabl eUpdat e
+voi d addUpdat e +voi d addUpdat e
+voi d debugPri nt +voi d debugPri nt
+Dat aSubset get Subset +Dat aSubset get Subset

Figure6.24: SmartUpdatedor EPCdatabase

The updatessene mainly ascontainerdor DBSimpleTableUpdateand DBTableUpdatebjects,
which in turn storethe recordupdatego the EPC databaseables. The only interestingfunctionis
the getCustomized(jnethod. It createsa visitor which visits the updatesto tableswhich contain
languagespecificdata. This visitor thenremovesthe updatego languagespecificcolumnsor records
for languageshatarenot selectedby EPCLocalDataDesc.languages.

The LocalDataobject passedo the execute()methodmust be an instanceof EPCLocalData,
which is a subclasof DBLocalDatawhich wasintroducedonly to allow to checkwhethertheright
LocalDatareferencevaspassedo the update.
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Dependenciesnd Information About New Subsets

Thedependencieandtheinformationaboutnewly introducedsubsetsontainedn anEPCUpdatés
initializedwith setDependencies@spectrely with setNavinfo() by thepublishersubsystenfEPCPub-
lisher, section6.5.5). The latter is currently not implemented;updateswill only returnthe string
'NEW' if they introducea new subset.

EachEPCUpdatevhich doesnt introducea new subsetdependon the previous versionof the
subsetit will update.Two updatego the staticanddynamicsubsetf the samecatalogdependon
oneanotherandeachcatalogupdatedepend®n the currentversionof the supplementaryexts table.

6.5.2 Toplevel ClassEPCAnalyzer

Classdiagram6.25shavs thetop level classEPCAnalyzemandthe associatedlasse®f the different
subsystems.

- - EPConpar e bui I der ... bui | d. EPCUpdat eBui | der
+voi d conpare bui | der +voi d addUpdat eConponent
conpar er tmpQ
- interface
...apply. Si npl eAppl y EPCAnal yzer TimQueneManage
applier tmpQ
+voi d apply d— +voi d renpveAl | Updat es
+bool ean checkDependenci es vord run +Updat e get Update
+voi d put Update
+String[] getAll Updatelds
updat eQ updat eQ
X publ i sher
interface tmpQ
... queues. Updat eQueueManager
+Updat e get Update
t g P ...epc. publ i sh. EPCPubl i sher

+voi d put Update
+Dat aSubset[] get Updat edSubset s updat eQ
+voi d begi nTransacti on

+voi d publish
+voi d publishCat al ogUpdat es

+voi d commit
+voi d rol | back

Figure6.25: Main EPCanalyzerclassandassociatedubsystems.

The very simplesequenceliagram6.26 shavs how the activity diagram6.2 foundin the section
aboutthe subsystendecompositiormapsto methodcalls on the subsystentlasses.The actvities
weremappedlirectly to methodcalls.

6.5.3 Compare Subsystem

Themaintaskof the EPCspecificimplementatiorof the comparesubsystenis to specifythe param-
etersfor the databaseomparecomponentsThis sectionis split upinto four subsectionscomparison
of partrecordtables,footnotetables,the supplementaryexts table, and the remaining(’standard’)
tables.
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theAnal yzer conparer publ i sher applier
... EPCAnal yzer ... EPCConpar €| ... EPCPubl i sher ... Sinpl eApply
I I I I
rmi: apply ) \ .
| |
2: conpare | I
I !
3. publish ) )
| ’Ll
4: apply l l
I I
I I
I I
I I
I I
I I

. I
I I
I I
I I
I I

Figure6.26: Sequencef top-level methodcallsto analyzersubsystems.

Standard TablesCompared by Primary Key

All tableswhicharenotapartrecord footnote,or supplementartextstablearecomparedy iterating

overtheprimarykey in theold andthenew versionof thetable respectiely. Whereapplicablefables
aresubdvided partially by catalogandconstructiongroup. This enableausingan incrementakon-

structiongroupsupply asthenew versionof thetablecancontainonly datafor changeaonstruction
groups.Thetablesfor modelspecificdataareonly subdvided partially by the catalogandthe special
versiontablesby the specialversionmainnumberbecausé¢he supplyprocessaiwayssuppliesvhole

specialversioncataloguessoneunit.

SupplementaryTexts Table

This tableis comparedusing the DBCompareMethod#ttial databasecomparecomponentwhich
selectdor eachrecordfoundin thenew tabletheappropriateecordfrom theold one.It thereforecan
generat®nly updatesandinserts.Also, asalreadymentionedit is very slow. Thereasorfor choosing
thismethodwas,thatsomecataloguesontainsupplementariextsinline. Theseareextractedandput
into the new versionof this table. Becausehatareonly very few, usingthis methodwasappropriate.
Whena new versionof the supplementaryexts is supplied the comparisormaytake sometime, but
that happensonly every few month. Also, if the datefields in the supplementaryexts table were
suppliedcorrectly onecoulddeleteall recordswhich aretoo old beforerunningtheanalyzer

Part Records

Theproblemwith partrecordss thatthey have no uniqueidentity. Insteadarunningnumberis used
to identify recordswithin a constructiorgroup. Today mary of theserunningnumberschangewvhen
imagegroupsarereomganizedseechaptels for details).For the plannedcorversionfrom DIALOG to
theELDAS format,theseaunningnumberswill begivenonly temporarilyfor eachcornvertedsnapshot.
Giventhat,| implementeda mechanisnwhich searchefor the partrecords DBCompareBestMatch-
ingRecordsIimplA detaileddescriptionof thealgorithmcanbefoundin section6.4.3.

Principally, one could usethis algorithm directly for eachconstructiongroup to find the best
matchingrecords.But, asthis algorithmhasn? compleity, this could getvery slow for large con-
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structiongroups sincethey maycontainmorethan2,000partrecords.Sol usethefollowing attributes
to groupthe partrecordsnto smallerunits: the parthnumberandtheflagsindicatingwhethera partis

valid for manualor automatidransmissionandwhetherit is valid for left handor right handsteering.
| chosethis attributesbecause¢hey changevery seldom.Groupingtherecordsby thisvalues| getthe
valuesfor 'n’ shawn in table6.2,wheren is the sizeof onegroup.

\ n H 1 \ 2 \ 3—5\ 6—10\ 11—20\ 21—40\ 41—80\ 81—191\
occurrencesg| 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.

Thetableshavs how often’n’ occursin our referencenstallation. 99% of all partrecordsare
groupedo lessthan6 partrecords.99,9%aregroupedo lessthan21 records.

Giventhatnis mostly1 or 2, then? compleity doesnt hurt. The problemin usingmoreattributes
to groupthe partrecordsto smallergroupsis thatat the endof the constructiorgroupthe algorithm
hasto matchyet unmatchedecordsagain. This affectsrecordswhich arereally new or deleted but
alsorecordswherethoseattributesselectedor groupingchangedsincethey will thenbe foundin
differentgroupsin the old andthe new version. So onehasto find a goodcompromiseo selectthe
appropriateattributes. For the partrecords| choseattributesthatalmostnever changeandspecifya
partrecordgelative precisely It is importantthattheunderlyingalgorithmhasonly linearcompleity
whennothingwaschangedetweertwo versionsof a catalogbecausehisis themostcommoncase.

Thismethods basednalocal optimization e.g.thealgorithmtriesto first find thebestmatching
pairin arecordgroup,thenthe secondbest,andsoon. Usinga global optimizationto find the best
matchbetweenwo groupsby consideringall possiblepairshasexponentialcomplexity, whichis not
feasible.

Note thatthe semanticof recordchangesaremuchbetterrepresentedy the updateggenerated
by this methodthanby usingthe primarykey to find matchingrecords.But, asheuristicsareused,
this is not perfect. Actually, it cannever be, sincel discoreredthat sometimeseven a humanbeing
cannotdeterminevhatreally happenedbetweertwo versionsby looking at theresultingsnapshots.

Footnotes

The problemwith footnotess thatrunningnumbersareusedto identify andorderthelines. If aline
is insertedor deletedall line numbersafterthatchangewill bedifferentbetweerthetwo snapshots.

Thefootnotetablesarecomparedisingthe sameheuristicalgorithmasfor partrecorddDBCom-
pareBestMatchingRecordsimplhefootnotegroupsaredeterminedy thefootnotenumberandthe
languageasthesetwo attributesalmostnever change Within eachgroup,the algorithmthentriesto
find the bestmatchbetweerfootnotelines.

It wasvery importantto manuallyadjustthe penaltiessvaluatedby this algorithm. The standard
weightingtakesevery columnwith 1.0 into account.Sincethereare 2 line numbersfor the normal
footnotesand3 for the takular footnotesthe differencebetweerline numbersvould weightstronger
thanthatbetweerthe contentsof thefootnotelines. Sothe penaltyfor thelatterwasadjustedo beat
leastasbig asthe sumof the penaltiedor all line numbers.

The provided EPC schemahadto be modified. The tablesFUNO_TAB and SA_FUNO_TRB
containingthe tablefootnotesuseda separatelanguagendependentine number(BLOCK_ZEILE)
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asprimary key. | changedhe scheman a way that thesetablesnow usethe samecolumnsasthe
normalfootnotetablesin additionto the groupingcolumnBLOCK_ZAEHLER. Usingthe previous,
languagendependerkey, it would beimpossiblefor the SmartUpdatego determinghelanguageof
the generatedBUpdateSingleRecordpdateoperations.This is becausenly updatedandprimary
key columnsarecontainedn suchanupdateoperation.

6.5.4 UpdateBuilder Subsystem

The updatebuilder subsystentonsistsof only one class: EPCUpdateBuilderlt just performsthe
following tasks:

e It recevesarecordupdateoperationembeddedn a DBUpdateComponerftom the compare
subsystenvia the UpdateBuildeinterface,

e It determinesvhetherthe recordupdateis to a model catalog,specialversioncatalog,or to
the supplementaryexts table. This is donewith help from EPCSchemaywhich containsthe
informationaboutwhich tablebelongsto which subset.

e For modelcatalogupdatesthe catalogidentifieris determinedfor specialversioncatalogup-
datesthespecialversionmainnumberis determined.

e It triesto load the respectie EPC SmartUpdatefrom the temporaryqueue. Whennoneis
found,anew oneis created.

e It passesherecordupdateto the SmartUpdate.

e And finally, the SmartUpdateis written backto thetemporarygueue.

6.5.5 Publisher Subsystem

This is alsoonly oneclass: EPCPublisherIt's main taskis to calculatethe dependenciebetween
the updatescontainedin the temporaryqueue,andto put theminto the public updatequeue. The
latter is donewithin onetransactionusingthe beginTransaction(Jand commit() methodsfrom the
UpdateQueueManaggar the publicupdatequeue.

It first getsall updateidentifiersfrom thetemporaryqueueandusesa hashtableo find the match-
ing updatedor thestaticanddynamicsubset®f the samecatalog.An associate@PCLocalDataDesc
objectwhich describeshedatacontainedn thereferencadatabasés usedto determinewvhich Smart
Updatesntroducenew subsetsandto initialize the dependenciew® existing subsets.

6.5.6 Helper Classes

Thefollowing helperclassesverecreatedo encapsulat&PCspecificinformationat a definedplace:

EPCLanguage holdsall datawhichidentifieslanguagespamelythe prefixesandcodesdescribedn
section5.1.

EPCTableIlnfo describesa tablein the EPC database.lt containsinformation aboutwhich table
belongsto which catalogtype (model or specialversion)andif it belongsto the dynamicor
staticsubsef a catalog.



CHAPTER6. ANALYZER DESIGN 102

EPCSchemais a containerfor all the table information objects. It also provides a fast mapping
methodgetTablelnfo()for gettingthetableinfo objectfor a giventablename.

EPCColumns containssomeof the columnnamedoundin the EPCdatabaselt wasintroducedo
avoid puttingthe databaseolumnnamedirectly into the code.

6.6 ProblemDomain SpecificClassedor FDOK

This sectiondescribeshe FDOK specificimplementationsThesearethe FDOK SmartUpdatesthe
main FDOKAnalyzerclass andthe FDOK specificcomparebuild, andpublishsubsystems.

6.6.1 FDOK Updates

Classdiagram6.27shavs the updatego the Starldenf{FDOK) databaseTheseupdatesene mainly
asa containerfor the DBSimpleTableUpdateobjects,which in turn storethe recordupdatego the
FDOK databas¢ables.

FDOKUpdat e interface
pai d. dat anove. updat es. Updat e

+voi d addUpdat e
+voi d set Dependenci es

+voi d setVersion — — — — —D +Updat e get Cust omi zed
+voi d set Newl nfo +Dat aSubset get Subset

+voi d execute +String get New nfo

+String get Newl nfo +Dependency[] get Dependenci es
+Updat e get Cust oni zed +voi d debugPrint

+Dependency[] get Dependenci es
+String toString

i

+voi d execute
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+voi d debugPri nt
+Dat aSubset get Subset

Figure6.27: SmartUpdatedor FDOK database

The FDOKVehicleDataCardsUpdate customizabléboth for singlevehicledatacards(FDOK-
Single\éhicleDataCarddndvehicledatacardssubset§FDOKVehicleDataCardsSubseEor thelat-
ter, the getCustomized(Inethoddoesnothing (returnsthe sameFDOKUpdate),for the former; it
stripsoff all vehicle datacard recordupdatesrom the SmartUpdatethat are not locally installed.
This preventsthe updatefrom installingunwantedvehicledatacards.

The FDOKCodeNamingsUpdajast updateghe codenamingtablesfor thepassengetar, utility
vehicle,andspecialversioncodes.As alreadymentionedn section5.3.6aboutthe FDOK subsets,
theseshouldalwaysbelocally installed,becausehesetablesarerelatively small,only afew MB.



CHAPTER6. ANALYZER DESIGN 103

The LocalDataobjectpassedo the execute()methodmustbe an instanceof FDOKLocalData,
which is a subclas®f DBLocalDatawhich wasintroducedto allow checkingwhetherthe right Lo-
calDatareferencevaspassedo theupdate.

Dependenciesnd Information About New Subsets

The dependencieandthe informationaboutnewly introducedsubsetsontainedin the FDOKUp-
dateis initialized with setDependencies(@spectiely with setNavinfo() by the publishersubsystem
(FDOKPublishersection6.6.5). The string returnedby getNeavinfo() is the identity of the updated
subse{getSubset().getldentity()).

EachFDOKUpdatewhich doesnt introducea new subsetlepend®n the previousversionof the
subseit will update.

6.6.2 Toplevel ClassFDOKAnNalyzer

The toplevel of the FDOKAnNalyzerlooks exactly the sameas that for the EPCAnalyzershav in
section6.5.2,with theonly differencethatall occurrencesf 'EPC’ arereplacedyy 'FDOK'.

6.6.3 Compare Subsystem

The classegepresentinghe comparesubsystenfor FDOK are FDOKCompareand FDOKSubdi-
videVDCPartial, locatedin the paid.datamee.fdok.compar@ackage.The compare(methodof the
formeris calledby the mainFDOKAnalyzerclassto initialize the databaseomparecomponentand
startcomparinghetables.

Comparing the Main VehicleData Cards Table

The FDOKSubdvideVDCRartial is usedto subdvide the main vehicledatacardstable beforecom-
paringit. It is animplementationof the DBCompareRecordsiterfaceand works very much like

DBPartitionByColumnsBrtial (seesection6.4.3),exceptthatit doesnt usedirectly the valuesfrom

somegiven columns but substringof thosefor determiningthe partitions. The samevalues(model
line andareacodé') which areusedto specifyFDOK vehicledatacardsubsetsreusedhereto par

tition the tablebeforecomparingt. Only the partitionscontainedn the new versionof thetableare
comparedsothe new versionmay containonly somesubset®f the vehicledatacards,namelythose
containedn theincrementalpdatesomingfrom thelegacy FDOK database.

Eachof thesepartitionsis comparedy iteratingover the primarykey usingDBCompareMethod-
Iterating. The’partial’ flag is givento thelatterto allow eachpartitionin the new versionto contain
only a subsef vehicledatacards. Otherwise deleterecordcommandsvould be generatedor the
'missing’ vehicledatacards.

TheDBCompare@bleclasswassubclassetb CompareVDCable,aninnerclassof FDOKCom-
pare to implementthefollowing two extensions:

e The getPKey() methodof DBCompare@ble was overriddento pretendthat the order num-
ber (AUFTRAG) is partof the primarykey, which wasactuallyonly the vehicleidentification
number(FIN). This wasdoneto allow the updatebuilder subsystenfFDOKUpdateBuilder}o

4Thebuild year whichis plannedo beusedfor subsettindg"DOK, is currentlynot available.
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determinethe areacodefrom the ordernumber Otherwise,|if thatfield wasnot changede-
tweentwo versionsof a vehicledatacard,it wouldn't beincludedin arecordupdateoperation
(DBUpdateSingleRecordjeneratedby the databaseomparecomponents.

e As explainedin the sectionaboutthe size of the FDOK updateq5.3.4), a vehicle datacard
shouldbeuncompresselleforeit is againcompressedspartof ancompound-DOK SmartUp-
date.

The standardDBAutoColumn handlerassignedautomaticallyto the column containingthe
gzippedJava objectswould just storethe compressethinary imagesinto DBBinaryValue ob-
jects.SothegetColumns(jnethodof DBCompare@blewasoverriddento establisiFDOKGzip-
Columnfor this column,which uncompressethe valuesand produce=-DOKGzip\alue ob-
jects,a subclasof DBBinaryValue (seeclassdiagram6.28). The latterthencontainsthe un-
compressetinaryimage,andautomaticallycompresses again whenwriting to the database
by overriding thefillPrepStmt()method. This mechanisnis very similar to thatdescribedor
DBObjectColumrandDBObiject\aluein section6.4.1.

pai d. dat anove. db. DBCol um ... val ues. DBBi nar yVal ue
+String nanme +byte[] val ue

+int sqltype +int fillPrepStmt
+Cl ass val ued ass +bool ean equal s

+bool ean equal s +i nt hashCode

Zbool ean typekqual s +DBVal ueUpdat e get Uni que
+String toString

FDOKGzi pCol um FDOKGzi pVal ue

roduces
| _ _ produces _ ]

+C ass val ued ass
+DBVal ue val ued*

+int fillPrepStnt

Figure6.28: Classesisedfor handlinggzippedvehicledatacardobjects.

Comparing the CodeNaming Tables

The codenamingtablesarejust comparedhe standardvay by iteratingover the primarykey, using
DBCompareMethodilterating.

6.6.4 UpdateBuilder Subsystem

The updatebuilder subsystem$or FDOK consistsof only oneclass: FDOKUpdateBuilderlocated
in the paid.datamee.fdok.luild package.It implementsthe UpdateBuilderinterfaceto receve the
UpdateComponentisom the comparesubsystem.It performsthe following stepsto combinethe
UpdateComponents FDOKUpdates:

e It recevesarecordupdateembeddedh an UpdateComponeritom thecomparesubsystem.

o It determinedf therecordupdatds anupdateo thevehicledatacardstableor to oneof thecode
namingtables.Theinformationfrom the helperclassFDOKSchemas usedfor this purpose.
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e Forvehicledatacardupdatesthemodelline andareacodeis determinedrom theprimarykey,
which waspreparedby FDOKCompargseeabove). This informationis neededo assignthe
recordupdateto the correctFDOKVehicleDataCardsSubset.

¢ Like shavnin thegenerainteractiondiagramfor the updategeneratosubsysten{6.3), it first
triesto loadtheappropriatd-DOKUpdaterom thetemporaryqueue If nonewasfound,anew
FDOKUpdates generated.

e Therecordupdates passedo the FDOKUpdatevia addUpdate().

e TheSmartUpdateis written (back)to thetemporaryqueue.

6.6.5 Publisher Subsystem

Thepublishersubsystens implementedby theFDOKPublisheclassn thepaid.datamee.fdok.publish
packageAfter theFDOKUpdateobjectsaregeneratethy thecompareandupdatebuilder subsystems,
this subsystenis activated. It's maintaskis to calculatethe dependenciebetweerthe updateson-
tainedin thetemporarygueue andto puttheminto the public updatequeue.Thelatteris donewithin
onetransactiorusingthe beginTransaction(and commit() methodsrom the UpdateQueueManager
for the publicupdatequeue.

6.6.6 Helper Classes

Thefollowing areonly helperclasses$o encapsulatenetainformationaboutthe FDOK databasée.qg.
schematable,andcolumnnames):

FDOKTablelnfo describes tablein the FDOK databaselt tells whethera tableis a codenaming
tableor thevehicledatacardtable.

FDOKSchema is a containerfor the tableinformationobjects. The getTableIinfo() methodcanbe
usedto determinghe FDOKTablelnfofor a giventablename.

FDOKColumns containssomeof the columnnamesrom the FDOK databaselt wasintroducedo
avoid puttingthe databaséeld nameddirectly into thecode.
It alsocontainghe offsetsinto thevehicleidentificationnumberFIN) andordernumberAUF-
TRAG) stringsto calculatethe modelline respectrely the areacodefrom theseattributes.
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Analyzer Usageand SampleData

Thisthesigs accompaniewith eithera CD-ROM or with archivefiles containingthefollowing items:

Theanalyzersourcecodeandcompiled’.class’files.

Thejavadocdocumentation.

e ShellscriptsandSQL scripts.

The modifiedEPC/FDOKcorversionutilities andscripts.

Sampledatafor EPCandFDOK.

Theoriginal corversionutilities andscriptssuppliedby debis.

Thenext sectionswill explainwherethesdtemsarelocated andwhich sampledataandutility scripts
wereprovided.

7.1 Directory Hierarchy

Thefollowing list of directorieds relative to theroot directory’analyzer/ found on the CD-ROM or
in thearchvefiles, respectiely.

src/ Containghesourcecodedirectoryhierarcly.
classes/ThecompiledJava’.class’files arelocatedhere.

doc/ Thisis therootdirectoryof thejavadocdocumentation.

scripts/ Containghe mainshellscripts,which aredescribedn the sectiongelow.

config/ Containssomeconfigurationscriptssourcedy the shellscripts. Theseconfigurationscripts
mustbe customizedo reflectthelocal databaseonfiguration.

sql/ All SQL scriptsfor creatingandimportinginto databasearelocatedhere.
epccorv/ Corversionawk’ scriptsfor EPC,asdescribedn 5.2.8.

epcdata/ SampleEPCcatalogues.
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fdokcorv/ Modified Javaclassesisedto loadthedatabasevith theincrementalpdatesomingfrom
thelegacy FDOK databasédescribedn 5.3.2).

fdokdata/ Sampledatafor FDOK.

orig/ Someof theoriginal dataandscriptssuppliedby Mercedesanddebis.

7.2 Configuration

The scriptswerecreatedandcustomizedor the’MySQL' databaseassuminghata user'analyzer’
with the samepasswerd hasaccesso thedatabasessedfor thedataandqueues.

For usingtheseutilities with otherdatabasesystemsthe scriptslocatedin the ’config/’ directory
mustbe customized.The commentsontainedn thesescriptsshouldhelpdoingthis. Dependingon
thedatabassystenmused othershellscriptsand SQL scriptsmight have to be customizedaswell.

7.3 SampleData and Utilites for EPC

7.3.1 SampleCatalogues

Thesamplemodelandspecialversioncataloguesrelocatedin directoriesbelow 'epccornv/init/’ and
‘'epccorv/updates/’ Theformerholdsall cataloguesvhich shouldbeloadedinitially into areference
databaseysingthe’EPCImport’ scriptdescribedbelon. The latter containsthe updatesnapshotso
thesecataloguesvhich canthenbecomparedo thereferencelatabasesingthe’EPCImportAnalyze’
script.

Thesecataloguesrestoredin directoriesreflectingthe time whenthey wereextractedfrom the
ELDAS system.Theseareexamplesfor initial dataandupdatesof specialversioncataloguesnda
modelcatalog(’30L"):

epcdata/init/19980305.090725/SA. TYZ
epcdata/updates/19980313.084923/SA.OXT
epcdata/updates/19980320.075553/SA. BXT
epcdata/init/19980423.180730/30L.TXYT
epcdata/updates/19980428.130109/30L..DXT
epcdata/updates/19980504.163123/30L..DXT
epcdata/updates/19980728.094821/30L..OXT
epcdata/updates/19980728.094822/30L..DXT

7.3.2 Utilities

Thefollowing EPCspecificscriptscanbefoundin the’scripts/ subdirectory:

EPCCreate

This scriptcreategshe EPCtableswithin anew database.
Parameters<databaseame>
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EPCIimport

Importsonefile containinga modelcatalogor specialversioncataloguednto anEPCdatabase.
Parameters«filename><databaseame>

<filename>maybefor example’epcdata/init/19980423.180730/30L. TXE".

EPCCreateDataDesc

Thisscriptcreateghetablewhich containghedescriptiorof thedata(EPCLocalDataDes@ontained
in the database t theninvokesthe Java utility paid.datamee.epc.run.EPCCreateDataDestiich
detectswhich cataloguesare presentin the databaseand createsa new EPCLocalDataDesobject
within thattable.

Parametersxdatabas@eame>

CreateQueues

Createthetableswhich will containthetemporarygueueandthe public updatequeue.
Parametersxdatabas@ame>

EPCImportAnalyze

Thisis themainscript,asit runsthe EPCAnalyzetool. It creategshe EPCtableswithin atemporary
databas@ndimportsall cataloguesontainedn the givendirectoryinto thatdatabaselt thenruns
theanalyzertool paid.datamee.epc.run.EPCAnalyzewrhich will comparethatdatabasagainstthe
givenreferencalatabasegeneratehe EPCUpdateseflectingthe differencedetweerthem,putthem
into thegivenupdategueue andfinally applythemto thereferencedatabase.
Parametersxcatalogdirectory><referencelatabasextemp.databasexupdatequeuedatabase>

<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 theareacodethatcanbefoundin theordernumberattribute of avehicledatacard.
star.pkw.code.gz: datafor thedistribution codenamingtablesfor passengetars.

star.nfz.code.gz: datafor thedistribution codenamingtablesfor utility vehicles.
star.saben.gz:datafor the specialversioncodenamingtable.

pkw.gz: somevehicledatacardsfor passengetarsupdatedoetweernl1/04/97and11/14/97.
star.pkw.data.gz: vehicledatacardsfor passengetarsupdatedoetweernl4/09/98and10/20/98.
star.nfz.data.gz: vehicledatacardsfor utility vehiclesupdatedetweernl4/09/98and10/20/98.
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7.4.2 Utilities

Thefollowing FDOK specificscriptscanbe foundin the’scripts/’subdirectory:

FDOKCr eate

This scriptcreateghe FDOK tableswithin anew database.
Parameters<databas@ame>

FDOKImport

Importsonefile containingupdated/ehicledatacardsinto a FDOK database.
Parameters<filename><databaseame>

<filename>maybefor example'fdokdata/stapkw.data.gz'.

FDOKCr eateDataDesc

This scriptcreateghe tablewhich containsthe descriptionof the data(FDOKLocalDataDescgon-

tainedin thedatabaselt theninvokesthe Java utility paid.datamee.fdok.run.FDOKCreateDataDesc,

which detectswhich vehicle datacard subsetFDOKVehicleDataCardsSubset)e presentin the

databasandcreatesa new FDOKLocalDataDesobjectwithin thattable.
Parameters<databas@ame>

CreateQueues

Createthe tableswhich will containthe temporaryqueueandthe public updatequeue(wasalready
mentionedabove, for EPC).
Parametersxdatabas@eame>

FDOKAnalyze

This is the main script, asit runsthe FDOKAnalyzertool, paid.datamee.fdok.run.FDOKAnalyzer
It will comparea temporarydatabaseontainingupdatedvehicle datacardsto the given reference
databasgyeneratéhe FDOKUpdateseflectingthedifferencedetweerthem,puttheminto thegiven
updatequeueandfinally applythe updatego thereferencalatabase.

Parameters<time> <referencedatabasextemp.databasexupdatequeuedatabase>

<time>is theversiontimestamgfor thegeneratedipdates.
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Conclusion

The problemof the aftersaleslatasnapshotshatweretoo big for world-wide distribution wassuc-
cessfully solved by the analyzertool developedwithin this thesis. The various possibleways of
customizingandextendingtheanalyzetalgorithmsandthegeneratedipdatesnakesit possibleto use
thistool for othertypesof aftersaleslataaswell.

Using the analyzertool is mostinterestingin problemdomainswherethe location of datais
changedetweendifferentversionsof the databaselt may not only be usedfor generatingipdates,
but alsofor answeringhe questionwhatreally changedetweertwo versionsof thesamedata. This
guestioncannotalwaysbe answeredatasilyin theseproblemdomainswithout suchatool.

An examplefor sucha problemdomainis the serviceinformationdatabas@nNIS’. Heretheprob-
lem of matchingthe databetweerdifferentversionss worsethanfor the ElectronicPartsCatalogues.
This maybeaninterestingapplicationdomainfor the analyzertool.

The updatesgyeneratedy the analyzertool useJava asimplementatiorlanguageand JDBC to
accesshedatabasesThisis a platformandvendorindependenapproachwhich enablego replicate
updatedo all kinds of databasesdlt may be possibleto extendthis approacho automaticallygener
ate updatedrom transactionsnadeto a sourcedatabasendthusimplementa truly vendorneutral
replicationmechanismThereareat leasttwo waysto do this: Onecould eithergeneratéhe updates
from thetransactioriog of thedatabaseor provide anintermediate)DBCdriver which replicategshe
updatestatementsadeto a sourcedatabase.
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RelatedWork

Themajorareaof interestin thecontext of thisthesiswerechangealetectiondisconnectedperation,
synchronizationandreplicationtechniques.

Local ChangeDetection

Several tools and techniquesare available for local changedetection. The approachis similar to
thatusedin this thesis. The differencesetweentwo versionsof dataaregeneratedocally andcan
thenbe distributedto thosewho have the old versionalready andwantto getthe nev onewithout
downloadingthewholenew data.

e Thereis the well-knowvn Unix "diff’ command,which detectsand generateghe differences
betweertwo text files.

e Sometoolsareavailablefor detectinghedifferencedetweerbinaryfiles aswell, for example
xdelta[McDo], which usesa block checksunalgorithmbasedn rsync[TM96].

e In [CGI7], techniquesare presentedo do meaningfulchangedetectionon hierarchicalstruc-
tureddata,e.g.adocument paragraph sentencdiierarcly.

e Therearealsocomparisortechniqueswvailablefor relationaldatabasesTransactiorSoftware
for exampleoffersa simple’dbdiff’ tool for their TransbaseClatabas¢Tra9g, which gen-
eratesthe differencesetweentwo databaseersionsasa SQL script which canthenbe dis-
tributedandappliedto remotedatabasesThis tool is not usablefor the Mercedes-Benafter
saledatabasedecausé assumeshatthe primarykey doesnotchangebetweernreleases.

DisconnectedOperationsin Distrib uted Filesystems

The CODA filesystem[Kis96] wasdevelopedto supportdisconnectedperation.Changesnadeon
aclientwhile not connectedo the sener aregatheredandlaterreplayedvhencontactingthe sener
again.

Other approachesre the Ficus distributed filesystem[GHM+90], andit’'s descendantRumor
[RPG+96],which doesuserlevel file anddirectorysynchronizatiobasedn areconciliationmecha-
nism.
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Synchronization

Therearetoolsandtechnigueswvailableto allow synchronizatiorof files anddatabases.

e Rsync[TM96] usesafastblock checksuralgorithmto efficiently synchronizdiles (anddirec-
tories)over anetwork.

e Thesnctool [BP98] canbeusedin mobilecomputingernvironmentgo synchronizdilesystems
aftera disconnectedperation.lt usesreconciliationlik e the Rumorfilesystem.lIt is available
asaJavatool with afew native methods.

e The[BR97] papempresentseveraltechniqueso performthecomparisorof two databaseopies
thatareconnectedver arelatively slov WAN network link. Thetechniquesisechecksumsf
recordsor setsof recordsasthe meango do the comparison.

e JDBTools[Shaf isaJavatool setwhichcanbeusedo detectifferencebetweenwo databases,
move databetweerthem,or synchronizéhem.It cannotbe usedfor the EPCdatabaséecause
it assumeshateachrow in adatabaseéableis identifiedby a uniquenumber

DatabaseReplication

Databaseeplicationtechniqguesrom IBM, Oracle,SybaseandPraxisInternationalwere presented
in section4.3.

The groupware applicationLotus Notes offers the featureto replicateits documentdatabase
[Moo095.

Reseach on Replication Algorithms

Thereis alsosomeresearcttoncerningdatareplicationalgorithms(e.g. [BK97], [WJH97], [AZ93],
[WP93), but thefocusis on consisteny, reliability, andautomaticconflict resolutiontechniquesnot
on efficientuseof the network.
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Appendix A

Electronic Parts Cataloguesdatabase

A.1 Tablesof StarParts Schema

The following table shaws all tablesof the StarRirtsdatabaseschemausedwithin the StarNetvork

databas&tarDBalongwith the classnameusedwithin this thesisanda shortdescription.

‘ tablename ‘ class/association ‘ cat.section ‘ description
KATALOG modelcatalog model vehicleclassesndareaa catalogis usedfor
BAUMUSTER model model nameanddescriptionof model
FGST_AGG model-model model usableaggr@atemodelsfor chassisnodel
AGG_FGST model-model model usablechassisnodelsfor aggrgatemodel
KG constructiorgroup model nameof constructiorgroup
BT_NAME_D imagegroup model nameof imagegroupin german
BT_NAME_E imagegroup model samen english
BT_NAME_F imagegroup model samen 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 referencdo imagefile andreleasedate
MAPS imagenumber model imagenumbercontainedn animage
TPOS partrecord model useconditionsandamountsor a part
FUSSNOE footnote model footnotetext
FUNO_TAB tablefootnote model text of groupedootnote
SA_VERWNENDUNG | cons.group-strokvers. | model! stroke versionsusablew/constructiorgroup
SA_BEN specialversioncatalog sp.version | vehicleclassesareaandnameof sp.version
SA_TITEL stroke version sp.version | title of stroke version
SA_BILDTAFEL sp.vers.imageidentifier | sp.version | referencedo imagefile andreleasalate
SA_MAPS sp.vers.imagenumber | sp.version | imagenumbercontainedn animage
SA_TPOS sp.vers.partrecord sp.version | useconditionsandamountdor part
SA_FUSSNOE sp. vers.footnote sp.version | footnotetext
SA_FUNO_PRB sp. vers.tablefootnote sp.version | text of groupedootnote
SA_UBM specialversion—-model | sp.version | modelswhich maycontainspecialversion
BEITEXT supplementaryext suppl.text | supplementaryext
CODE codetable - codetableto calculateDNF_CODEin TPOS
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A.2 Area-country-codes

120

Theseare the codesusedfor the areacountry code containedin the field BER_CODEof model

cataloguegtableKATALOG) andspecialversioncataloguegtableSA BEN).

‘ code‘ description

code I description

A MBA N Mexico

B MBB P Indonesia

C FFB/FAP BeogradYugoslaia || Q MBB-IndustrialEngines

D MB Spain R MBTC/USA

E ADE SouthAfrica S Japan

F MBNA USA U Australia

G OtomarsarTurkey w NAW Switzerland

H Iran (Civil) 1 Generaliterature

| MIO Iran (Iran Army) 2 Catalogued80/981

J MB SparesSouthAfrica 3 AGGR.LIT Truck-Platform
K MBSA 5 Catgyory-SA

L ASTAS SouthAfrica 6 Specialiteraturenoton MF
M Nigeria 7 Specialiterature

A.3 VehicleClassCodes

Theseare the the codescontainedin the attribute SORT_KLASSE usedto specify which vehicle
classesa modelcatalog(table KATALOG) or a specialversioncatalog(table SA_BEN)is valid for.
Somecataloguesireusedfor morethanonevehicleclass especiallyaggrgatemodelandspecialver-
sioncataloguesThecolumnpositioncontaingheindex usedfor theclasstagin the SORI _KLASSE

attribute.

‘ position ‘ tag ‘

vehicleclass ‘

1 P

Car

G Wagon

Light Transporter

Transporter

Light Truck

Medium Truck

Heavy Truck

Bus

Ol bh|w|N

Unimog

=
o

MB-Trac

m X ClOjnw|ZT|H|r®

=
[

IndustrialEngines




APPENDIXA. ELECTRONIC PARTS CATALOGUESDATABASE 121

A.4 Attrib utesin the EPC database

Thefollowing tablelist all attributescontainedn the EPCdatabasschemaalongwith atranslation
anda shortdescription.Thecolumn’key’ tells whetherthe attributeis usedasa primary key (P) or
foreignkey (F) in sometables.

‘ attribute ‘ shortdescription ‘ usedin tables ‘ key ‘ description ‘
ADR_ERG_TEXT suppl.text id BEITEXT,(SA_)TPOS P/F | identifierfor supplementaryext
AGG_ART aggreatetype FGST_/GG - motor, transmissionaxis, ...

AGG_BM aggrgatemodel | FesT_mcAce FesT | P | aggr@atemodelidentifierparttwo
AGG_BR aggreateline FGST_/6G,AGG_FGST | P | aggreatemodelidentifierpartone
ALLE_MENGEN all quantities (SA)TPOS - guantitiesof partin models/ str. versions
ANZ_BT imagecount SA_BEN numberof imagesfor sp. vers.catalog
AN_KZ change/ne flag | (sa)tPos - partrecordwaschangedr is new

ART modeltype BAUMUSTER - aggreateor chassis

ART typeflag TPOS - flag: componentieldsKP_...filled in
BEN_X name KG - nameof constructiorgroup
BER_CODE areacode KATALOG,SA_BEN - areaor countrycatalogis usedfor
BESCHR_X description BAUMUSTER - modeldescriptions
BILDTAFEL_NAME | imagename SA_BILDTAFEL - nameof specialversionimage
BILD_NR imagenumber (sAOMAPs,sa)TPOs | P/F | imagenumberof partshavn
BLOCK_ZAEHLER | blockcounter (SA_)FUNO_RAB P | usedto groupfootnotesto block=table
BLOCK_ZEILE blockline no. (SA_)FUNO_RAB P | line numbemwithin block (redundant)
BM modelline BAUMUSTER P | modelidentifierparttwo

BR model BAUMUSTER,SA_UBM P modelidentifierpartone
BR_KATEGORIE category KATALOG - constantBR-Kategorie’ (unused)
BT_ANZ imagecount KG numberof imagesperconstructiorgroup
BT_IDENT imageidentifier | BILDTAFELMAPS P | uniqueimageidentifier, partof filename
BT_KENN_ZIFFER | imageflag SA_BEN - shav imageshbeforeor betweerparts?
BT_NAME imagegrouptitle | BT_NAaME_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 - releasalateof illustration

DNF_CODE code TPOS - experimentakffective coderepresentatior
EINRUECKZAHL indentation (SA)TPOS - shaow text indented

ENTF_TNR remove partno. | sA_TPos - partnumberfrom modelcatalogreplaced
ERG_TEXT_X suppl.text BEITEXT - supplementaryext

ERSETZT_KZ replaceflag (SA)TPOS - partnumberof partrecordwasreplaced
FGST_BEZ chassiname AGG_FGST - nameof chassis

FGST_BM chassignodel FGST_fsG,.AGG_FesT | P | chassismodelidentifierparttwo
FGST_BR chassidine FGST AGGAGG_FGST | P chassisnodelidentifierpartone

FLAG imageflag KG - shav imagesbeforeor betweerparts?
FN[1-6] footnote (SA_)TPOS,SA_TITEL F referencdo footnotenumber-N_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 | footnotenumbereferenced
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 - redundantine identifier
H BEN_X mainname (SA )TPOS - mainnameof part
INTERV interval SA_TPOS P stroke versionintenal of partrecord
KAT_NR catalogid all model P | modelcatalogidentifier(3 character)
KG constructgroup | mostmodel P | constructiorgroupidentifier(2 digit)
KP_AUSF[1-5]_ALL | strokeversions TPOS - upto 9 stroke versiongpercomponent
KP_RUMPF[1-5] components TPOS componenfor 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, automatidrans.
LG_LM left/manual TPOS - valid for left handdrive, manualtrans.
LG_RA right/automatic | Tros - valid for right handdrive, automatidrans.
LG_RM right/manual TPOS - valid for right handdrive, manuattrans.
NAME Sp.vers.name SA_BEN - nameof specialversion
NAME_X strokevers.name | sa TITEL - nameof stroke version
POS_NR positionindex BAUMUSTER P | index of modelin TPOS.ALLE_MENGEN
PREFIX imageprefix BILDTAFEL,MAPS - prefix of imagefilename
REP_TNR_ALL replaceparts (SA)TPOS - partnumber(sYhatreplacepart
RUMPF mainnumber all sp.vers. P | six digit specialversionmainnumber
SORI_KLASSE vehicleclasstags | KATALOG,SA BEN | - vehicleclassegatalogis valid for
SPRACHE language SA_BEN P | languageof NAME column
SPR_NEUTR_TXT | lang.neutr text (SA)TPOS - languageneutraltext in partrecord
STRICH_AUSF stroke version mostsp. vers. P | 2digit stroke versionidentifier
TNR partnumber (SA)TPOS - partnumberrecorddescribes
TU imagegroup somemodel P/F | 3digitimagegroupidentifer
UBM sub-models SA_UBM - stroke versionusablewith thesemodels
VERK_BEZ modelname BAUMUSTER - shortmodelname
V_SA ALL connectp.vers. | sa TITEL - connectedpecialversions
WW_KZ interchangeable | (sa)TPos - partis interchangeableith otherparts
WW_TNR_ALL otherparts (SA)TPOS - partis interchangeableith theseparts
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A.5 SQL SchemaDefinition

Theseare the suppliedSQL table definitions of
the StarRarts (EPC)databasdor DB2. The ger

mancomment$ave beenremoved.

create table parts. katal og (

kat _nr CHAR(3) NOT NULL,

sort_kl asse CHAR(15) ,

ber _code CHAR(1),

br_kategorie VARCHAR( 25) ,

PRI MARY KEY (
kat _nr)
I N PARTS;
create table parts. baunuster (

kat _nr CHAR(3) NOT NULL,
br CHAR(3) NOT NULL,
bm CHAR(3) NOT NULL,
pos_nr SMALLI NT NOT NULL,
art CHAR(1),
zeile CHAR(2) NOT NULL,
fol ge CHAR(1),
ver k_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) ,

PRI MARY 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,

PRI MARY KEY (
kat _nr, fgst_br, fgst_bm agg_br, agg_bm

I N 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) ,

PRI MARY KEY (
kat_nr, agg_br, agg_bm fgst_br, fgst_bm

I N PARTS;

create table parts. kg (
kat _nr CHAR(3) NOT NULL,
kg CHAR(2) NOT NULL,
bt _anz | NTEGER,
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) ,

PRI MARY KEY (
kat _nr, kg)
I N PARTS;

create table parts.bt_nane_d (
kat _nr CHAR(3) NOT NULL,
kg CHAR(2) NOT NULL,
tu CHAR(3) NOT NULL,
bt _name VARCHAR( 95) NOT NULL,

PRI MARY KEY (
kat _nr, kg, tu)

I N PARTS;

create table parts.bt_nane_e (

kat _nr CHAR(3) NOT NULL,

kg CHAR(2) NOT NULL,

tu CHAR(3) NOT NULL,

bt _nane VARCHAR(95) NOT NULL,
PRI MARY KEY (

kat _nr, kg, tu)

I N 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,

PRI MARY KEY (
kat _nr, kg, tu)

I N PARTS;
create table parts.bt_nane_s (
kat _nr CHAR(3) NOT NULL,
kg CHAR(2) NOT NULL,
tu CHAR(3) NOT NULL,
bt _name VARCHAR( 95) NOT NULL,

PRI MARY KEY (
kat _nr, kg, tu)

I N PARTS;
create table parts.bt_name_p (
kat _nr CHAR(3) NOT NULL,
kg CHAR(2) NOT NULL,
tu CHAR(3) NOT NULL,
bt _nane VARCHAR(95) NOT NULL,

PRI MARY KEY (
kat _nr, kg, tu)

I N PARTS;
create table parts.bt_nane_i (
kat _nr CHAR(3) NOT NULL,
kg CHAR(2) NOT NULL,
tu CHAR(3) NOT NULL,
bt _name VARCHAR( 95) NOT NULL,

PRI MARY KEY (
kat _nr, kg, tu)

I N PARTS;

create table parts.bildtafel (
kat _nr CHAR(3) NOT NULL,
kg CHAR(2) NOT NULL,
tu CHAR(3) NOT NULL,
bt _i dent CHAR(7) NOT NULL,
bt _nr CHAR(2) NOT NULL,
prefix CHAR(2) NOT NULL,
datum DATE,

PRI MARY KEY (
kat _nr, kg, tu, bt_ident)
I N PARTS;

create table parts. maps (
kat _nr CHAR(3) NOT NULL,
kg CHAR(2) NOT NULL,
tu CHAR(3) NOT NULL,
bt _i dent CHAR(7) NOT NULL,
bi I d_nr CHAR(5) NOT NULL,
prefix CHAR(2),
dat um DATE,

PRI MARY KEY (
kat _nr, kg, tu, bt_ident, bild_nr)

I N PARTS;

create table parts.tpos (
kat _nr CHAR(3) NOT NULL,
kg CHAR(2) NOT NULL,
I fd_nr | NTEGER 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
ei nrueckzabhl
ww_kz
an_kz
lg_Im
lg_la
lg_rm
lg_ra
fnl
fn2
fn3
fn4
fn5
fné
tnr
al | e_nmengen
art
kp_runpf 1
kp_ausf1_all
kp_r unpf 2
kp_ausf2_all
kp_runpf 3
kp_ausf3_all
kp_runpf 4
kp_ausf4_al |
kp_runpf5
kp_ausf5_al |
code_bdg
rep_tnr_all
ww_tnr_all
dnf _code
tu

PRI MARY KEY (

kat_nr, kg, |fd_nr)

IN PARTS;

create table parts.fussnote (

kat _nr
kg
fn_nr
fn_fol ge
fn_zeile
fn_sprache
fn_art
fn_text

PRI MARY KEY (

kat _nr, kg, fn_nr,

IN PARTS;

CHAR(3) NOT NULL,
CHAR(2) NOT NULL,
SMALLI NT NOT NULL,
SMALLI NT NOT NULL,
SMALLI NT NOT NULL,
CHAR(1) NOT NULL,
CHAR(1),

VARCHAR( 130) ,

fn_folge, fn_zeile,

create table parts.funo_tab (

kat _nr
kg
bl ock_zaehl er
bl ock_zeile
fn_nr
fn_fol ge
fn_zeile
fn_sprache
fn_art
fn_text

PRI MARY KEY (

CHAR(3) NOT NULL,
CHAR(2) NOT NULL,
SMALLI NT NOT NULL,
SMALLI NT NOT NULL,
SMALLI NT NOT NULL,
SMALLI NT NOT NULL,
SMALLI NT NOT NULL,
CHAR(1),

CHAR(1),

VARCHAR( 130) ,

kat _nr, kg, block_zaehler, block_zeile)

I N PARTS;

create table parts.sa_verwendung (

kat _nr

kg

runpf

strich_ausf
PRI MARY KEY (

kat _nr, kg, runpf,

I N PARTS;

CHAR(3) NOT NULL,
CHAR(2) NOT NULL,
CHAR(6) NOT NULL,
SMALLI NT NOT NULL,

strich_ausf )

create table parts.sa_ben (

r unpf
zeile
sprache
anz_bt
bt _kenn_ziffer
ber _code
sort_kl asse
nane
code_bdg

PRI MARY KEY (

runmpf, zeile, sprache)

CHAR(6) NOT NULL,
SMALLI NT NOT NULL,
CHAR(1) NOT NULL,
CHAR(2),

CHAR(1),

CHAR(1),

CHAR( 15) ,

VARCHAR( 140) ,
VARCHAR( 200) ,

I N PARTS;

create table parts.sa_titel (

r unpf
strich_ausf
zeile
nanme_d
nanme_e
nanme_f
name_s
name_p
name_i
fnl
fn2
fn3
fna
fns
v_sa_all

PRI MARY KEY (

runpf, strich_ausf,

I N PARTS;

CHAR(6) NOT NULL,
SMALLI NT NOT NULL,
SMALLI NT NOT NULL,
VARCHAR( 50) ,
VARCHAR( 50) ,
VARCHAR( 50) ,
VARCHAR( 50) ,
VARCHAR( 50) ,
VARCHAR( 50) ,
SMALLI NT,

SMALLI NT,

SMALLI NT,

SMALLI NT,

SMALLI NT,

VARCHAR( 120) ,

zeile)

create table parts.sa_bildtafel (

r unpf
strich_ausf
bi | dt af el _nane
dat um

PRI MARY KEY (

runpf, strich_ausf,

I N PARTS;

CHAR(6) NOT NULL,
SMALLINT NOT NULL,
CHAR(14) NOT NULL,
DATE,

bi | dt af el _nane)

create table parts.sa_maps (

r unpf
strich_ausf
bild_nr
datum

PRI MARY KEY (

runpf, strich_ausf,

I N PARTS;

CHAR(6) NOT NULL,
SMALLI NT NOT NULL,
CHAR(5) NOT NULL,
DATE,

bi I d_nr)

create table parts.sa_tpos (

r unpf

interv

I fd_nr

bi I d_nr

bt _nr

ersetzt_kz

tnr

entf_tnr

h_ben_d

h_ben_e

h_ben_f

h_ben_s

h_ben_p

h_ben_

adr_erg_text

spr_neutr _txt

ei nrueckzah

ww_kz

an_kz

lenk_I1

lenk_Ir

fnl

fn2

fn3

fn4

fns

fné

al | e_nmengen

rep_tnr_al

ww_tnr_all
PRI MARY KEY (

runpf, interv,

I N PARTS;

CHAR(6) NOT NULL,
SMALLI NT NOT NULL,
I NTEGER NOT NULL,
CHAR(5) ,

CHAR(2) ,

CHAR(1)

CHAR( 19) ,
CHAR(19) ,

CHAR( 15) ,

CHAR( 25) ,

CHAR( 25) ,

CHAR( 25) ,

CHAR( 25) ,

CHAR( 25) ,
CHAR(11),
VARCHAR( 40) ,
CHAR(1),

CHAR(1),

CHAR(1)

CHAR(1),

CHAR(1)

SMALLI NT,

SMALLI NT,

SMALLI NT,

SMALLI NT,

SMALLI NT,

SMALLI NT,
VARCHAR( 30) ,
VARCHAR( 604) ,
VARCHAR( 456) ,

create table parts.sa_fussnote (

r unpf
fn_nr
fn_fol ge
fn_zeile
fn_sprache
fn_art
fn_text

PRI MARY KEY (

rumpf, fn_nr,

CHAR(6) NOT NULL,
SMALLINT NOT NULL,
SMALLINT NOT NULL,
SMALLI NT NOT NULL,
CHAR(1) NOT NULL,
CHAR(1),

VARCHAR( 130) ,

fn_folge, fn_zeile, fn_sprache)
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I N PARTS;

create table parts.sa_funo_tab (
r unpf CHAR(6) NOT NULL,
bl ock_zaehl er SMALLI NT NOT NULL,
bl ock_zeile SMALLI NT NOT NULL,
fn_nr SMALLI NT NOT NULL,
fn_fol ge SMALLI NT NOT NULL,
fn_zeile SMALLI NT NOT NULL,
fn_sprache CHAR(1),
fn_art CHAR(1),
fn_text VARCHAR( 130) ,

PRI MARY KEY (
runpf, block_zaehl er, block_zeile)

I N PARTS;

create table parts.sa_ubm (
r unpf CHAR(6) NOT NULL,
strich_ausf SMALLI NT NOT NULL,
br CHAR(3) NOT NULL,
ubm VARCHAR( 480) ,

PRI MARY KEY (
runpf, strich_ausf, br)
I N PARTS;

create table parts.beitext (
adr _erg_text CHAR(11) NOT NULL,
dat um 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) ,

PRI MARY KEY (

adr_erg_text)

IN PARTS;
CREATE TABLE parts. code (

code VARCHAR(7) NOT NULL,
PRI MARY KEY (code)

I N PARTS;



Appendix B

FDOK database

B.1 SQL SchemabDefinition

Theseare the suppliedSQL definitionsof the Starldent(FDOK) databasdor DB2
commentdave beenremoved.

connect to ident;

drop tabl e ident.fdk;
create table ident.fdk (

whe CHAR(3) NOT NULL,

fin_runpf CHAR(14) NOT NULL,

vin VARCHAR( 20) ,

not or VARCHAR( 18) ,

getriebe VARCHAR( 18) ,

auftrag CHAR(10),

ver sor g_dat ti mestanp DEFAULT CURRENT Tl MESTAMP,
obj ect VARCHAR(3888) FOR BI T DATA,

-- Tinmestanp, an dem di eses Tupel von FDOK versorgt wurde
PRI MARY KEY (
fin_rumpf, whc)) in
| DENT;

drop tabl e ident.fdk_sa_ben;
create table ident.fdk_sa_ben (

r unpf 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) ,
reservel VARCHAR( 140) ,
reserve2 VARCHAR( 140) ,
sort_kl asse CHAR(15),

ver sor g_dat timestanp DEFAULT CURRENT Tl MESTAMP,

-- Tinmestanp, an dem di eses Tupel von FDOK versorgt wurde
PRI MARY KEY (
rumpf)) in
| DENT;
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drop tabl e ident.fdk_code_ben_nfz
create table ident.fdk_code_ben_nfz (

code_nr
sparte
ben_d
ben_e
ben_f
ben_|
ben_s
ben_p

ver sor g_dat

-- Timestanp

PRI MARY KEY (

code_nr,sparte))

| DENT;

in

CHAR(3) NOT NULL,

CHAR(1) NOT NULL,

VARCHAR( 70)

VARCHAR( 70)

VARCHAR( 70) ,

VARCHAR( 70)

VARCHAR( 70) ,

VARCHAR( 70)

timestanp DEFAULT CURRENT TI MESTAMP,

an dem di eses Tupel von FDOK versorgt wurde

drop tabl e ident.fdk_code_ben_pkw;
create tabl e ident.fdk_code_ben_pkw (

code_nr
dat um von
datum bi s
ben_d
ben_e
ben_f
ben_s
ben_|

ver sor g_dat
PRI MARY KEY (

code_nr,
| DENT;

dat um von,

CHAR(4) NOT NULL,

ti mestanp DEFAULT CURRENT TI MESTAMP NOT NULL,
ti mestanp DEFAULT CURRENT TI MESTAMP NOT NULL,
VARCHAR( 70) ,

VARCHAR( 70) ,

VARCHAR( 70) ,

VARCHAR( 70) ,

VARCHAR( 70) ,

ti mestanp DEFAULT CURRENT TI MESTAMP,

datumbis)) in

127



