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Abstract

The major challengefor future businessoperationss to align changingbusiness
goalsandchangingechnologieswhile preservingheassetshatarehiddenin the
legag systemsupportingoday’s busines®perationslin this papemwe formulate
the main questionssystenrenovation hasto solve, andwe give a comprehense
overview of techniquesand approaches.We discussthe analysisand transfor
mationof legag systemsandalsodescribehov domainengineeringcanhelpto
identify reusabledomainknowledge. By stressinghe needfor cooperatiorbe-
tweenrenovated software and newv software we naturally arrive at the needfor
component-baseapproacheandcoordinationarchitectureshat definethe coop-
erationbetweenold and new components.We presenta threestepapproacho
systemrenovation: find componentsglobal restructuringandrenovate per com-
ponent. The necessaryechniquedor analysis transformationandregeneration
of legag systemsarealsodiscussed.The paperconcludeswith a descriptionof
domainengineeringand domain-specifidanguagess viable techniquedor the
structuringand reuseof the applicationdomainknowledgethat is embeddedn
legag systems.
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1 Intr oduction

The key challengefor future businessoperationsis change: Businessrequirements
changewheneer thereis a chanceof higherprofitability. At the sametime, informa-
tionandcommunicatiortechnologieshatcanbeusedo supportusinesgprocesseare
innovatedcontinuously Thesetwo forms of changecannotbe seenin isolation: mary
new waysof doingbusinesganonly berealizedby the useof new technologieswhile
innovationin softwaretechnologycanleadto the emegenceof completelynew mar
kets. Thetypical exampleis e-commere initiated by thetechnologicabevelopments
of theworld-wideweb, it hasnow resultedn waysof doing businessunthinkablefive
yearsago.

The flexible organizationwill have to align changesin businessand tecdnology.
Therapidly growing integrationof supplychainsrequiresintegrationof systemsoth
insideandbetweerorganizations Softwaresystemdrom the past(“legag/” systems)
have never beenbuilt with that objective. The emegenceof third-party softwarefor
EDI ClearingHouses E-procurementbuying/sellingvia the Internet),auctions,and
shopbotsequireghatlegag systemsareusedfor completelynen purposesisingnew,



Year | New projects| Enhancement$ Repairs|

Total | % New | % Maint. |

1950 90 3 7 100 90 10
1960 8500 500 1000 10000| 85 15
1970 65000 15000 20000 100000| 65 35
1980 1200000 600000| 200000| 2000000/ 60 40
1990 3000000 3000000/ 1000000| 7000000| 43 57
2000 4000000 4500000| 1500000| 10000000, 40 60
2010 5000000 7000000| 2000000| 14000000 36 64
2020 7000000 11000000| 3000000| 21000000| 33 67

Table1: Forecastdor numbersof programmergworldwide) anddistribution of their
actities

different, distribution channeldik e interactive television, WAP, AutoPC and others.
Thereis a majorgapbetweerinternet-basetechnologiedike XML andJavathatare
beingusedin new applicationsandthetechnologiesisedin legag/ systems.

Thereis a fundamentabottleneckto alignment: legag/ systemsendto be very
hardto adapt. The lack of knowledgeof the old systemsandthe needto train new
usersof thesesystemqwhenusedin renovatedform) make the potentialadaptation
andprolongatedisageof legag/ systemdlifficult. Again,e-commereis acorvincing
example: web-enablingfor example,retail bankingservicesrequiresbreakingup a
bank’s backoffice system.Suchsystemsaregenerallyold, written in Cobol, anddif-
ficult to adapt.Consequentlythey cannotkeepup with the changesequiredfrom the
businesspotentiallyleadingto lossof market sharefor the organizatiorinvolved.

Softwarerenovationprepares legag/ systemfor future changelt is basedon the
view thatan organization$ software systemsprovide valuablefunctionality, that has
beenprovenin practice.As such,it shouldbe reusedvhenerer possible.At the same
time, thepackagingf thisbusinesgunctionalityis usuallyfarfrom optimalasthey are
oftenbasedon old languagesdatabassystemsandtransactiormonitors,monolithic
in designandunmaintainabl@saresultof repeatedindocumentedodifications As
aconsequencdegag systemarevery hardto changgif notimmutable)andprohibit
thealignmentwe aim at.

In this paper we take a closerlook at softwarerenovation. In Section2 we argue
thatthe goal of renovationis to arrive at component-basesoftware systemswhich
permit the smoothintegration of newly built software andrenovatedlegag/ compo-
nents.In Section3 we thenexplain how legag/ systemsanbe componentizeéh three
steps: Find ComponentsGlobal Restructuringand Renovate per Component. The
techniquesisedto achieve this areanalysistransformationandregenerationgcovered
in Sections4, 5 and6. In the currentsection,we provide figureson the size of the
legagy problem,andsummarizehe historicrootsof the areaof softwarerenovation.



1.1 The sizeof the legacyproblem

It is temptingto assumehat we might be able to dealwith legag/ systemsby just
throwing themaway. However, the sheervolume of legag/ software runningworld-
wide prohibitssuchanapproachlf wetake alook atsomeindicatorsprovidedby [15],
we seethatthe total volumeof all softwareworld-wideis 7 x 10° functionpoints. The
majority of softwareis writtenin old, inflexible languagesFor example 30%is written
in COBOL, which correspondso 2.2« 10! statementsFor mainframeapplications,
80% of the softwareis writtenin COBOL.

Moreover, whenanindustryapproache80 yearsof age—ags the casewith com-
puterscience—it takesmoreworkersto performmaintenancéhanto build new prod-
ucts. Basedon currentdata [16, page319], Table 1 shawvs extrapolationsfor the
numberof programmersvorking on new projects,enhancementandrepairs. In the
currentdecadefour outof sevenprogrammerareworking onenhancemergndrepair
projects.Theforecastpredictthatby 20200nly onethird of all programmersvill be
working on projectsinvolving theconstructiorof new software.In aworld thatevolves
at Internettime, it is dangerouso make any extrapolations.It is unclearhow devel-
opmentslike, for instance applicationserviceproviders and outsourcingwill affect
theratio betweemew developmentandmaintenanceNonethelessye feel thatthese
figuresareatleastusefulto understandhe historicevolution until the currentdate.

Thesefiguresshav thatmaintenancandrenovationof softwarethatexiststoday
is anactiity of majoreconomidmportance.Sincethe total amountof softwarewill
only grow, theimportanceof maintenancandrenovationwill grow accordingly

1.2 What is software renovation?

Softwarerenovationis pro-active softwaremaintenancelt aimsatimproving theover-
all quality of softwaresystemsmakingthe functionality of thesesystemsasierto use
in andadaptto new applicationareas An overview of thisareacanbefoundin [4, 7].

Softwarerenovationhasits rootsin a numberof relatedareas Sinceit is notatall
uncommorthatthe only reliableinformationaboutwhat a legag/ systemdoesis the
sourcecodeitself, reverse engineeringis an essentiabspeciof software renovation.
Originally, the notion of reverse engineeringcomesfrom hardware technologyand
denoteghe procesf obtainingthe specificationof a complex hardware system. In
softwarereverseengineeringwe try to distill asmuchusefulinformationaspossible
from thesystems legacgy sourcesThekey challengeof reverseengineerings to arrive
atnon-trivial, higherlevelsof abstractiorthanjustthesourcecode.

Software renovation alsoincludesmodifying the softwarein orderto improve it.
Suchtransformationsnay remainat the samelevel of abstraction(for example,goto
elimination),in which casewe speakof systemrestructuringor refactoring[13]. The
alternatve is to performtherenovationvia areverseengineeringstep,whichis called
re-engineeringfirst aspecificatioron a higherlevel of abstractions constructedthen
atransformations appliedonthe designlevel, followedby a forwardengineeringstep
basedntheimproveddesign.

Furthermoresoftwarerenovation hasits rootsin compilerand programmingdan-
guagetechnology[1]. Building acompilerfor alanguagendtranslatinghatlanguage



to assemblyinvolvessignificantanalysisandtransformatiorof programs— technol-
ogy thatcanbe reusedvhenanalyzingandtransformingsoftwarefor renovationpur-
poseq3].

Last but not least,the year 2000 problemandthe Euro corversionhave strongly
affectedtheareaof softwarerenovation. They have resultedn anincreasedwareness
of the needfor tools for reverseandre-engineeringadoptionof sourceanalysisand
modificationtools, and they have increasedhe maturity of the renovation tools and
techniquesvailable.

2 Renovation Target: Component-basedSoftware

The aim of softwarerenovationis to preparea legag/ systemfor future change.An
essentiatechniqueto arrive at the requiredlevel of flexibility is to decomposéhe
systeminto a setof componentsin this section,we take a closerlook at component
technologyandits role in softwarerenovation.

2.1 Components

Following [20] componentsre binary units of independenproduction,acquisition,
anddeploymentthat interact to form a functioningsystem Thereare severalreasons
why softwaresystemsassembledrom componentarebettercapableof dealingwith
changebeit in businessr in technology:

¢ Componentsireindependensoimplementatiorchange$o onecomponentan
be madewithout affectingtheothers.

¢ Componentaddabstraction hiding implementatiordetailsbehindexplicit in-
terfacesmakingit safeto changethisimplementatiorwhenneeded.

e Componentsan be easily replacedby other componentoffering at leastthe
samesetof services.

o Componentsupportreuse sothatnew systemscanbe quickly built by assem-
bling themfrom existing pieces,leadingto shortleadtime to market for new
system(extensions).

¢ Componensystemganbeamixtureof self-madeandboughtcomponentsnak-
ing it possibleto benefitfrom new developmentsn commerciallyavailablecom-
ponents.

¢ Componentsupportcustomizationmakingit possibleto produceatailor-made
component.This canbe achieved by inheriting functionality from an existing
classof componentspr by settingattributes steeringthe componens beha-
ior. As such,componentgrovide a middle pathbetweerunadapatablstandard
packagesnd(expensve) bespole customesolutions.
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Figurel: Integratingrenovatedandnex components.

Thetechnicalorganizationof collectionsof componentganvary. The mostcom-
monform is the packagingof componentén aclasslibrary. An applicationprogram-
mer can usethe classlibrary by writing a “main” programthat makes calls to the
variousclassesTheapplicationprogrammehasto understandhe (possiblylargeand
comple) structureof the library, but is in completecontrol of the useof the classes.
Contrasthis with componenframeavorkswhich provide cannedapplicationghatonly
have to becustomizedy writing someplug-insthatperformnon-defwultbehaiour.

From arenovation point of view, animportantpropertyof componentss thatthe
interfacesalsohide the age of the componentspermittingcooperatiorof legag/ com-
ponentsaandnewly createdsystenparts.Thisis neededn mary situationsfor example
whenweb-enablinga backoffice system.The backoffice is a legag/ systemthathas
to berenovatedin orderto allow connectionsvith theweh Theweb-interfceitself is
newly built.

In Figure 1, we sketchthis situation. Fromalegag/ system(e.g.,the backoffice)
we extractcomponentshatrepresenthe essentiafunctionality of thelegag/ system.
At thesametime, new businessequirementge.g.,web-enabling)eadto the construc-
tion of new components.The ultimategoalis to find component-basearchitectures
anddevelopmenimethodologieshatenablethe seamlesintegrationof renovatedand
new componentsThis alsoimpliesthatthereshouldbe a strongrelationshipbetween
techniguedor renovationandtechniquegor construction.

It is importantto identify whencombiningold andnew componentsanbeapplied
with success:

e Thelegag/ componentshatarereusedshouldbe stable only limited modifica-
tionsareexpectedn thefuture.

e The datamodelsusedby the legagy componentsand new componentsanbe



keptconsistent.

e Thetechnicalknowledgeandtools neededor maintainingthe legagy compo-
nentswill remainavailablein the organization.

When one or more of theseconditionsis not satisfied,the only alternatve is to
reimplementhelegag/ componentisingnew technology

2.2 Componentintegration

Componentglo not operatein isolation, but interactto form a functioning system.
This requiresagreemenbetweencomponent®n ways of communicationfor which
several standardexist, suchas COM+ from Microsoft, Corbafrom the OMG group,
andEnterpriselavaBeangincludingRMI) from Sun.

For the purposeof this paperwe usea softwae busapproactto illustratethe con-
ceptsof componenintegration,asthis clearly emphasizeseveral aspectof compo-
nenttechnologysuchasindependencdinarydeployment,distribution,andheteroge-
neousmplementationsln largeapplicationgnoreor lessstandardechnologylik e, for
instanceCOM+ or Corba,will beusedasmiddlevarelayer Thesetechnologiehave,
however, a steepearningcurve andareconceptuallyandtechnicallyquiteintricate.

For expositorypurposesve preferthereforeheuseof amuchsimplersoftwarebus
calledtheToolBus,whichhasbeendevelopedat CWI andtheUniversityof Amsterdam
[2]. It is aprogrammabléuswith thefollowing characteristics:

e Componentg'tools” in ToolBusparlanceareconnectedo the ToolBus.

e The cooperatiorbetweencomponentss describedy a process-orientedcript
in theToolBus.

Unlike COM+, Corbaandothersthe protocolof cooperatioris madeexplicit.

Tools canbe implementedn differentlanguagesndcanrun on differentma-
chines.

Thereis no directcommunicatiorbetweertools.

The ToolBusarchitectures sketchedn Figure2. At the bottomwe seetools (blue
boxes)that have a bidirectionalconnectionwith the ToolBus. Tools capturethe com-
putationlayer, which aretheprogramshatcarryout specializedaskssuchassortinga
file, displayingawindow, or computingthe estimatedralueof futuresthroughabank's
backoffice systems.

Ontop we seethe ToolBusitself (grey rectangle).Insidethe ToolBusseveral pro-
cessegareexecuting(redcircles). ToolBusprocessesancommunicatevith eachother
aswell aswith tools. The ToolBus processesapturethe coordination layer, which
dealswith theway in which programandsystemgartsinteract(by way of procedure
calls,remotemethodnvocationsandthelike). In orderto enableheexchangeof data,
acommondataformatis usedcomparabléo XML.

It is our thesisthat a rigorousseparatiorof coorination and computationis the
key to successfutenovation. Theinflexibility of traditionalcodeis largely dueto the
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Figure2: TheToolBusCoordinatiorarchitecture.

ToolBus

factthatcoordinatiorandcomputatiorarecompletelyentangledThis makesit hardto
understanéndrestructurdraditionalcode. This alsofollows the mantraof work-flow
mangementsystemswith “work” correspondindo the computationlayer, andflow
managemertb the coordinationlayer.

How canthe conceptuaseparatiorof coordinatiorandcomputatiorbe mappecdn
standardniddlevarewhich is likely to be usedin large projectsbut doesnot provide
sucha clearseparation?0f course,the separatiorof coordinationand computation
canbe usedasguidanceduring technicaldesign. In addition,we offer the following
suggestions:

¢ Introducea separatevorkflow engineto implementcoordination.

¢ Usedesignandimplementatiorstandardshat forbid complicatedcontrol pat-
ternsinsidecomponents.

¢ Useawidely acceptedtandardike XML for dataexchange.

2.3 Domain-SpecificComponent-BasedSoftware

Following [17], the currentexcitementaboutcomponent-basedevelopmentresults
from thecornvergenceof four phenomenariginatingfrom quitedifferentbackgrounds:

e Onthescientificside,theprogressn theareaof systematisoftwarereuse;

e Ontheindustrialside thewidespreadguccessf componentfor GUlIs,databases,
andsoon, suchasMicrosoft's VBX, OCX, andActiveX;

e On the political side, the pushby major playersfor standardsuchas Corba,
COM, andEnterprise)JavaBeans;

¢ In thesoftwareworld atlarge,the generalizatiorof objecttechnology

Oneof thekey lessonf thefirst phenomenorprogressn theresearchn system-
atic softwarereuse,is that substantiabenefitsof componentechnologycanonly be
achieved by concentratingon a particularapplicationdomain[18, 21]. As an exam-
ple, Jacobsoret al. [14] sketchthe stepsthata typical organizationmay go through



whenadoptingcomponentechnology:anorganizatiorstartswith informal codereuse
leadingto somereductionin developmentandstepby stepgetscloserto thedomain-
specificreuse-driverorganization which is capableof rapid customproductdevelop-
ment.

Technologiessuchas CORBA, COM and JavaBeansprovide integration at the
“plumbingandwiring” level. Agreementtthedomain-specifi¢semantic)evel, how-
ever, is neededo fully arrive atthe benefitsof componentechnologysuchasshorter
lead time to market, appropriatecustomizatiorfacilities, and smoothintegration of
boughtcomponents.This may be achievzed by further standardizationFor example,
aspartof the CORBA effort, domainspecificationgxist for electroniccommercefi-
nance manifacturing,andsoon. Also, dataexchangestandarddasedon XML, such
asOpenFinancialExchangd OFX) and XMLIFE for life insuranceganfacilitatein-
tegrationof softnarecomponentst thedomainlevel.

However, arriving at suchdomaindefinitions,be it within oneorganizationor as
partof aninternationaktandardizatioeffort, is a painful actiity. It critically depends
on

thematurity of thedomain;

thelevel of understandingf thedomain;

theexistence(or absencedf standardizatioeffortsin thedomain;

thecommerciaplayersin themarket; and

¢ thebenefitghatthevariousstaleholderswill obtain.

We candefinethe notion of adomainasa family or setof systemsncludingcom-
monfunctionalityin a specifiedarea[18]. Sucha setof systemss worth examinigif
it is:

e mature,.e.,asetof legag/ systemsexists;

e reasonablgtable,.e., atleastsomeof thelegag/ systemsareworth examining;

e andeconomicallyiable,i.e., new systemsareanticipatedn thedomain.

In our searchfor componentsthelegag artifactsactas:

e anempiricalbasisfor systematiscopingof domaindefinitions;

¢ asourceof domainknowledge;

e potentialresourceso usein reengineering.

The ultimategoal of softwarerenovationis to malke this knowledge,embodiedn
legagy systemsexplicit.

10
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Figure3: Relationbetweertechnicalandmethodologicabspect®f renovation

3 Overall approachto Software Renovation

The aim of software renovationis to understandiransformand regeneratea legag

systemin suchaway thatits alignmentwith new businesobjectvesandnew techno-
logical developmentss facilitated.We wantto achieve this by separatingoordination
from computatiorandby supportingthe actualcomputationst the domainlevel. We

now discusghe technicalandthe methodologicahspect®of renovation. Therelation
betweerthetwo is sketchedn figure 3: eachmethodologicastepusescertaintechno-
logicalapproaches.

3.1 Technicalapproaches

We distinguishthreetechnicalaproacheso softwarerenovation:

¢ Analysisof legag/ sourcesithe goalis to inspectthe sourcesof the legagy sys-
temandextractinformationfrom themthatrevealstheir structure purposeand
architecturgSection4). Analysisis non-intrusivesincethe legag/ sourcesare
only inspectecandnot modified.

¢ Transformationof legag/ sources:the goalis to systematicallyestructureand
improvethesource®f thelegag/ system(Sections). Transformatioris intrusive
sincethelegag/ sourcesaremodified.

¢ Geneation: thegoalis to identify potentialreusableassetsn thelegag/ system
by explicitly introducingandstructuringdomainknowledgein suchaway that
major partsof the legag/ systemcanbe regeneratedSection6). Generatioris
alsointrusive since(partsof) thelegag/ sourcesarereplacedoy generatedode.

Analysisandtransformatiorof legag/ systemsare closelyrelatedasis shavn in
Figure 4: analysisgathersinformation that can be used,amongstothers,for trans-
formation. Generatiorbasedon domainengineerings a higherlevel approacththat
usesnformationfrom the analysisphaseandcanexploit transformatiortechniqueso
achieveits goals.

11
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Figure4: Analysisandtransformatiorof legag/ systems

Methodologicalapproach

Giventhevarioustechnicalapproacheto renovation(analysistransformationgener
ation),how canwe managehe softwarerenovationprocessWe describea threestep
approach;

StepA: Find Components Subdvisionof thelegag/ sourcesn componentsgivena
legagy systemasblackbox, discorertheinternalstructureof thisbox. Thisisillustrated
in Figure5(a). This stepis non-intrusiveandthefollowing issueslay arole here:

Are all sourcef thelegag available?
For missingsourcesusetoolsto recoverthe sourcefrom binaries.

Determinethe correspondencbetweensourcecode versionsand versionsof
binaries.

Determinethelanguagesisedin thelegagy system.

Obtainanalysigoolsfor thesdanguagesior instanceby instantiatinga generic
tool setfor them.

Runtheanalysigoolsonthelegag systemandinterprettheresults.

Determinewhethera subdvisionin componentss feasibleandwherethe com-
ponentboundarieshouldbe.

12
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Figure5: Renwationin ThreeSteps

¢ If asubdvisionin componentss feasiblecontinuewith stepB. Otherwisetry
otherapproachesPossibilities:graduallyimproving the legag/ systemby pro-
gramtransformationspr replacingit by anew system.

Step B: Global Restructuring Interconnectiorof the component$oundin stepA

usinga coordinationarchitecture:replacethe internal structureof the legag/ system
by a communicatiorstructurebasedon coordination. Legag/ componentgpossibly
wrappedto interactwith the coordinationarchitecture) appearas components.This
stepis only modestlyintrusive sincethe only modificationanadeto thelegacy are: (a)
subdvisionin components{b) wrappingof thecomponentsMajor partsof thelegag

remainuntouchedTheissuesre:

¢ Write awrapperfor eachcomponent.
¢ Write coordinationscriptsto connecthe components.

e Testtherestructuredystem.

13
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Step C: Renovate per Component Renawation of individual components. Now
is the time to considerthe renovation or replacemenbf individual componentsas
sketchedn Figure5(c). Theissuesare:

e Determinefor eachcomponenthich renovation stratey to use. The options
are:
— Leaveasis.
— Completelyreplacet by commerciabff-the-shelhe software.

— Performa very detailedanalysisof the componenin orderto extractits
businesdogic thatcanbe usedto retuild or regenerateéhe component.

— Apply alayeredapproachstepsA, B andC areappliedat the component
level.

o Apply theselectedenovationstrateyy.

e Testthecomponent.

14



4 Analysis Techniquesfor LegacySources

The goal of analysisis to extractinformationfrom legag/ systemshat revealstheir
structure purpose andarchitecture.Analysistechniquesare crucial for stepA, Find
Componentsandin this sectionwe cover thoseanalysistechniqueghat canhelpto
find candidatecomponentén alegacgy system.

The searchfor componentsn legag/ systemss aninteractve process.Tools col-
lectall sortsof informationaboutthe systemwhichis usedby therenovationengineer
to find candidatecomponents.Thereis no singleway to find all good components:
therefore,the tools shouldprovide mary differentviews on onelegag/ system,and
shav potentialcombinationsof theseviews. This requiresa hypertet-basedorows-
ing mechanismpotentially supportedoy an intelligent agent,aswell asan on line
annotatiormechanismAn architecturdor sucha programunderstandingpol suiteis
displayedn Figure6 [9].

The interactve searchfor componentganhave ary oneof a numberof different
startingpoints.

Thefirst is to interview, if possiblethe uses, maintaines, anddesignes of the
legagy systemin orderto geta pictureof the overall functionality of the system,and,
more specifically to get an impressionwhich functionality shouldbe presered and
whichis redundant.

Anotherstartingpointis to usethe persistentdatastores Of all thedifferentsorts
of dataplayingarolein thelegag systemit is likely thatthedatastoredn thedatabase
representbusinesgdomain-specificgntities. Following suchdatadown to the actual
computationdeadsto thoseprogramsor procedureshat could be candidatgdomain-
specific)components.

Another startingpoint consistsof the programcall relationshipswhich may tell
us somethingaboutcohesionand couplingof modules,or aboutthe layersbuilt into
thelegag/ system.If oneproceduranvokesmary others(high fan-ou), anddoesnt
getinvokeditself, it is likely to be a contmwl (coordination)module,with little built-
in functionality. Likewise, if a proceduras calledby mary others(high fan-in), it is
likely to be somesort of utility routine,dealingwith error handlingor logging. The
proceduresvith bothlow fan-inandlow fan-outarethe onesthatarelikely to contain
businesdogic [8].

Yet anotherstartingpoint canbe the screensisedin the system[19]. The screen
sequenceanbe identified, togethemwith the key strokesleadingto eachsubsequent
sreen.Suchscreersequencearevery closeto usecasestelling whatactionsan end
userperforms.Moreover, following theflow of screerinputfieldsthroughtheprogram
identifiesthoseprogramslicesthatimplementhegivenusecase Thisform of analysis
canverywell be supportedy automatedinteractve, tools.

Techniquedor combininglegag/ elementsnto novel waysin orderto arrive atco-
herenttomponentincludeconceptnalysisandclusteranalysig10]. Suchtechniques
canbe usedto spotcombinedusageof piecesof dataandfunctionality For example,
they canbe usedto groupdataelementdnto candidateclassesbasedon their usage
in programsor procedures— which canthenbe madeinto methodsof the derived
class. In particularconceptanalysiscanbe usedto displaythe variouscombination
possibilitiesin a conciseandmeaningfulmanner

15



Last but not least, the searchcan be for a componentdisplayingsomespecific
sortof behaior, for example,a candidatecomponenfor valueingstockoptions. A
hypertet-basedegag/ browsingsystemcanprovide variousstartingpointsfor sucha
searchsuchasindexesonwordsoccurringin commentsgcolumnnamesinferredtypes
[11], andsoon. Moreovertypical computationsecessarjor thebehaior of thecom-
ponentilooked may beidentifiedusingplan recaynition[12] — andthesecomputations
maythenbe packagednto therequiredcomponent.

5 Transformation Techniquesfor LegacySources

Tranformationtechniqueperformintrusive, systematic modificationsof the legag
systemin orderto enabletheir maintenancandincreaseheir flexibility .

5.1 General Techniques

With the insightsgainedby applying analysistechniquesve want to transformthe
sourcecodeof alegagy systento:

e globalyrestructurghewholesystem;

¢ restructureghecodeof individualcomponents;
e applyuniform commentcorventions;

¢ eliminatedeprecatethnguagedeatures;

e convertto anew languageversion;

e Translateo anothelanguage.

The transformationshouldbe carriedout by a fully automatedenovation fac-
tory [5, 6] asshawvn in Figure7. Therenovationfactoryhasthreeinputs:

e Thesourceof thelegag system.

¢ (Optionally)therepositorythatresultsfrom theanalysisphase.
¢ A setof problem-specifitransformationrules

Notethat:

e Thetransformatiorrulesdependon the requirementandarethus projectspe-
cific.

e Thetime neededo write thesetransformationsangesrom onehourto several
weeks.

e Thetransformationganbe organizedasa pipeline of elementarjtransforma-
tions; thispromotegeuse.

16
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All inputsarefedto arewriting enginethatapplieshetransformationso thelegag

sourcesTheoutputis arenovatedsystem.
The state-of-the-arin renovationfactoriescanbe characterizedsfollows:

Most availabletoolswork only for onelanguage.

Transformationsrreimplemeneteéssimplestringeditingoperationsthis does
not guaranteeghe syntacticcorrectnessf theresult.

Themostsophisticatedjenericframenorksarebasedn treetransformations

Typical performance100-1000KLOC/hour.

Althoughit is appealingo speculat@aboutfully automatiaenovationfactorieswe

wantto separatéactfrom fiction here.
It is afiction to expectuniversaltoolsthatcanautomaticallyrenovateary systemn
ary language.The sameholdsfor universaltoolsthat canextractbusinesdogic from

arbitrarysystems.
Thecrucialelementsn successfultenovationtoolsare:

e Language&nowledge.
e Domainknowledge.

e SystemKnowledge.
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e RequirementandICT strateyy.

It is afactthatmajorpartsof therenovationprocessanbeautomatedby combining
humaninsightwith full automatiorof repetitive tasks(speedquality, reproducibility).

5.2 Support for StepB: Global Restructuring

Given the subdvision of the legag/ systemresultingfrom StepA, we now want to
replacethe direct connectionsetweenlegagy componentsnto indirect connections
thatarehandledby the coordinatiorarchitecture Notethatthis stepis only moderatlg
intrusive: the systemis reolganizednto component$ut the codeof eachcomponent
is hardlytouched.Figure5(b) sketcheghisidea.

Thefollowing stepsareneededo achieve this:

o Identify thelevel of granularityat which thelegag/ systemwill bedecomposed.
Considerationsre:

— Thetotalnumberof componentshouldbe manageable.

— Smallercomponentsvith mary crossrelationshipsarebetterhandledasa
single,larger, component.

e Wraptheidentifiedcomponentsn orderto connecthemwith the coordination
architectureln mary caseghis meansnterceptionof theingoingandoutgoing
callsandreplacingthemby appropriaténteractionwith the coordinationarchi-
tecture.

¢ Write coordinationscriptsthat simulatethe connectvity in the original legagy
system.

5.3 Support for StepC: Renovate per Component

Giventhe outcomeof StepB, we canstartthe renovation of individual components.
Thisis acompletelyintrusive procesghatmay completelychangethe original codeof
thecomponentThe mostinterestingoropertieof this approactare:

e Themutualdependencidsetweertherenovationprojectsof thevariouscompo-
nentshave beeneliminated.

¢ Therenovation stratgy may differ per component:somecomponentsnay be
replacedby bying an existing commercialpackagewhile others,that contain
business-specifiknowledge,will undego a very detailedanalysisandrestruc-
turing.

In thosecaseghatthedecisionis to performa detailedrenovationbasedn the ex-

istingcode—typicallywhenmuchusefullbusinesdogicis containedn it—transformation

technigquesnaybeappliedto the codeof thecomponentTypicalissuesare:

e Tranformationgimingatcodeimprovement(e.g.,applyinguniformlayoutcon-
ventions gotoelimination,coderestructuringanddeadcodeelimination).
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¢ Transformationsimingatthereplacemendf certainpropertieof thecode(e.g.,
changeof theuserinterfaceor the databasengine).

e Full translationof the codeto anotherlanguageor platform (e.g., corversion
betweenCOBOL dialectsor translationfrom obsolete4GL to standardBGL).

6 Generation Techniquesfor Legacy Sources

The mostsophisticatedechnicalapproachto renovationis to decomposehe legagy
systeminto componentsn sucha way thatthesecomponentdbecomereusableacross
differentapplications.Customizedsersionsof thesecomponentganthenbe usedin
differentconfigurations.

In orderto achieve thesegoalsa deepemunderstandingf the applicationdomain
is needed. Domain engineeringattemptsto distill domainknowledgeout of legag
systems.

First, the legag/ systemhasto be reomganizedto provide the domainknowledge
at the properlevel of abstraction.Seconda notationtailoredtowardsthe domain—a
Domain-Specifitanguage (DSL)—hasto be providedto enablethe easycomposition
of componentsnto a workablesystem. Finally, the DSL will be usedasinput for a
generatofthe DSL compiler).

Themajoradvantage®f this approachareavery shorttime to market achievedby
extensve reuseandvery effective componentomposition.

Exampleof DSLsareEXPRESS—th@nformationmodelinglanguagespecifiedn
STEP(ISO 10303-11)—thats usedfor productdatarepresentatioandexchangeand
Risla6.3thatis usedfor thedescriptiorof interest-basefinancialproduct.Many other
DSLsexistin areadik e plantcontrol,web-sitegenerationconfiguratiormanagement,
etc.

6.1 Domain Engineering

Domainengineerings concernedvith the identificationanddemarcatiorof applica-
tion domains.A domainis hereunderstoodasa family of systemsn a well-defined
applicationarealik e financeor processontrol.

As arule of fist, domainengineeringpaysoff whentherearealreadythreelegag
systemsavailablein the givendomainandwhenit is expectedthatat leastthreemore
applicationsn thedomainwill bebuild in thefuture. Domainengineerings aform of
organizationalearning:the experienceandknowledgethatis implicit in a numberof
legagy systemss distilled into a conciseDSL andsupportinggeneratar

Thefollowing methodologicaissueglay arole in DomainEngineering:

¢ |dentificationof thestaleholders.
e Determinatiorof theboundarie®f thedomain.

¢ |dentificationof thedomainexperts.
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Figure8: A domain-oriente@pproach.

Reengineeringf thelegag systemsResultsareinsightsin domainconceptsas
well asreusableeomponents$o be usedby the DSL compilet

Determinatiorof alexicon of domain-specifiterms.

¢ Determinationof the commonalityand variability betweenthe variouslegacy
systems.

Designof aDSL.

Designandimplementatiorof a generatofcompiler)for the DSL.

6.2 Domain-specificLanguages

Thelink betweerrenovationandconstructiorcanbeimprovedby introducinga DSL.
Theideais illustratedin Figure8 andworks asfollows. Insteadof implementingnew
businessequirementslirectly (aswasdonein Figurel), weintroducehigh-level prod-
uct/systendescriptionsatamuchhigherlevel. The descriptionsrewrittenin anewly
designedSL thatis tailoredtowardsthe domainin question.In addition,renosated
componentghat have beenextractedfrom the legag/ systemactasa library for the
DSL. Fromthesedescriptionsandthe componentibrary, a DSL compilergenerates.
new application.
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6.3 Risla;: aDSL in the Financial Domain

We have alreadyappliedtheapproactsketchecherein thefinancialdomain.TheRisla
languagdpartof CapGemini’s FPSproductsuite)is in useat, for instanceMeesPier
sonandING to describdfinancialproducts.It wasborn out of two obsenations: the
time-to-marletfor innovative productdbecomeshorterandabank’s baclofficeis hard
to adapt.

Basedon domainnotions(e.g.,loan, swap, future, and FRA) a simple specifica-
tion languagehasbeendesignedhat canbe translatedo COBOL code. A library of
standarccomponentss linkedwith thegeneratedode.

Key to thesucces®f Risla(andto futureprojects)are:

o Extensve domainknowledgethatwasembodiedn a high-qualityprocedurdi-
brary. This library captureghe knowledgeof a seriesof preceedingprojectsin
thesamedomain.

¢ Theinsightthatthe plain useof thelibrary itself resultedin lengthy repetitive,
unmaintainableode. By introducinga DSL anda generatothat produceshe
callsto the library (and otheradditionalglue code)commonknowledgeabout
thedomainandthe underlyinginfrastructurds concentrateth thegeneratofas
opposedo beingrepeatedn eachprogram).

7 Conclusions

Themajorchallengéor future businesoperationss to align changingbusinesgjoals
and changingtechnologieswhile preservingthe assetghat are hiddenin the legagy
systemssupportingtoday’s businessoperations.n this paperwe have formulatedthe
main questionssystemrenovation hasto solve, andwe have givena comprehensie
overview of techniquesandapproachesWe have discussedhe analysisandtransfor
mationof legag/ systemsindhave alsodescribedhow domainengineeringanhelpto
identify reusabledomainknowledge. By stressinghe needfor cooperatiorbetween
renovatedsoftwareandnew softwarewe naturallyarrived at the needfor component-
basedapproachesnd coordinationarchitectureshat definethe cooperatiorbetween
old andnew componentsWe have presented threestepapproacho systemrenova-
tion: find componentsglobalrestructuringandrenovate percomponent.The neces-
sarytechniquedor analysistransformationandregeneratiorof legag/ systemswvere
alsodiscussedWe concludedwith a descriptionof domainengineeringanddomain-
specificlanguagessviabletechniquedor the structuringandreuseof the application
domainknowledgethatis embeddedh legag/ systems.
Ourmainconclusionsare:

e Maintenancandrenovationareeconomicallymotivatedactvities.
¢ Legag systemsareavaluableassefor busines®perations.

e Softwarerenovationaimsat extractingtheseassetsn the form reusablecompo-
nents.Domain-specifidtanguageaptureessentiabomainknowledgeandcan
beusedto (re)generatsoftwaresystems.
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e Component-basedrchitectureenablethe cooperatiorbetweenrenovatedand
new components.

Basedon the analysisin this paper we concludethat the key succesgactorsfor
softwarerenovationarethefollowing:

¢ Renoationmethodsandtechniqueshoulddeliver reuseableomponents.

¢ Oneshouldusesoftwarearchitectureanddevelopmenmethodshatarecomponent-
basedandenabletheintegrationof renosatedandnen components.

e Domainknowledgecanbecapturedn reusableomponentthatcanbeexploited
in combinatiorwith DSLs.
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