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Abstract

Unregulatedevolution of softwae often leadsto softwae

ageing which not only malesthe productdif cult to main-
tain but alsobreakstheconsistencypetweerdesignandim-

plementation.In sud a case it maybecomenecessaryo

re-engineerthe softwae so that it becomeanaintainable
again. In this paper we presentthe casestudyof the re-

engineeringf the PeopleTrackingsubsystenof a surveil-
lancesystemwritten in C++. We discussthe problems the
challengesandthe appradestaken,andwe showhowthe
re-engineezd productis now bettermaintainable We also
discusgthe geneation of the relevant artefacts— fromre-

quirementdocumenthroughto designdocument.
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1. Intr oduction

Software maintenances the modi cation of a software
productafterdelivery. It is classi edinto four cateyories[5,
p. 354-355]:

1. Corrective maintenanceefersto modi cationsfor cor-
rectingproblemsin animplementation.

2. Adaptive maintenancerefers to modi cations for
adaptingaproductto changedrnvironmentspothsoft-
wareandhardware.

3. Perfectve maintenanceefersto enhancementsuchas
makingthe productfaster smaller betterdocumented,
creatinga cleanerstructure andaddingnew function-
alitiesbecaus®f new userrequirements.

4. Presentive maintenanceanvolves changeswhich are
doneaiming at preventing malfunctionsand improv-
ing maintainabilityof the software.

Initial designof a software aims at developinga prod-
uct so that modi cations of the above kinds becomeeasy
to performin termsof time and effort. Furthermoreijt is
expectedthat asa consequencef thesechangesthe soft-
wareshouldpresere the original aim of theinitial design.
However, it oftenhappenshatmodi cationsaredonewith-
out proper software engineeringprinciples, and therefore
theinitial designsoonbecomesincleanin thesenseahatits
maintainabilitypecomesostlyin termsof effort andtime.

Considerthe example of cohesionand coupling [5,
p. 309-317]. The interactionbetweenvarious elements
within a class should be maximisedand the interaction
acrossclasseshouldbe minimised. However, if too much
of “patchwork” wasdonein a “half-hazard’mannerthen
theimplementatiorwould nolongerexhibit thedesiredev-
elsof cohesiorandcoupling. Furthermorefor bettermain-
tainability, it is expectedthatthe variousartefactsof a soft-
wareproduct— from requirementiocumenthroughto de-
sigh— remainconsistentvith eachotherandtheimplem-
tation. However, becauseof bad maintenancever a long
periodof time, in mary caseshis consisteng is lost. As a
resultthe softwarelosestraceability

In sucha case,it may becomenecessaryo re-organise
the softwarewith thefollowing aims:

to recover the systemartefactsfrom the implementa-
tion andthe existing documents,

to bring the artefactsto a consistentstate, possibly
throughre-designor re-speci cation. The re-design
shouldaim at restoringthe quality characteristicof

the software[9],



andto re-structurehe implementationin orderto re-
ect thenew design.

Consequentlythe systemis mademaintainableagain.
This approachis often called re-engineering Re-
engineerings the approachof understandinghe old code
to keepmuchof it andto modify it to meetnew needq20].
This approachnvolvesreverseengineering Reverseengi-
neerings theprocesof understandingndmodifying soft-
waresystems.It involvesidenti cation of the components
of anexisting systemandtherelationshipamonghem. Fur-
thermore |t alsoaimsat creatinghigh level descriptionof
variousaspect®f theexisting system19].

The primary challengewith regardsto re-engineerings
to understandheexisting softwarealongwith its associated
artefacts.In orderto accomplistthis, we needtwo kinds of
information: static information and dynamicinformation
Static information describeshe structureof the software
in relationto the sourcecode,while dynamicinformation
describests run-timebehaiour [16].

In this paper we discussthe caseof the PeopleTrack-
ing subsystenof anintegratedsuneillancesystemfor un-
demroundstations. The detailsof this systemwill be pre-
sentedn Section3. We brie y discusghe evolution of the
systemand how it becameunmaintainableover time and
why it becamenecessaryo re-desigrit. We describenow a
re-engineerin@pproachwascarriedout andwhatbene ts
wereobtainedrom it.

The organisationof the paperis asfollows. Section2
discussesherelatedwork. Section3 presentdhe objectof
our casestudy andthe reasonsehindits re-design. Sec-
tion 4 discusseshe approachtakenfor the re-design.Sec-
tion 5 discusseshe systemafterthere-designthe bene ts
achiered andthe lessondearntfrom this casestudy Sec-
tion 6 concludeghepaper

2. Related Work

A lot of researcthasbeencarriedout andpresentechn
softwaremaintenancandreverseengineeringWecite here
thosewhich we considerrelevantto our casestudy

Lientz et al [11] have surwyed 120 organisationsand
analysedtheir maintenanceefforts in termsof their cate-
gories. Their obsenation: on average,17.4%of the main-
tenanceeffort is correctve, 18.2%is adaptve, 60.3%is per
fective and4.1%is preventive.

Domschet al [4] have presentedh casestudyin object-
orientedmaintenancén which thetext basediserinterface
(Ul) of a product,which determinedhe numberof power
suppliesrequiredfor a systemcon guration, wasreplaced
by agraphicalUl (GUI). Theadditionalrequirementsvere:
(i) the new software must print relevant graphicaloutputs
to a printer and (ii) the new productmustrun on various

32-bit Microsoft Windows platforms. The requirements
constrainedhe maintainerto useMicrosoft speci ¢ APIs.
The softwareengineemwho developedthe productwasalso
the maintainer The total maintenanceffort was116 man
hours;95%of themaintenanceffort wasperfective (devel-
opmentof GUI), 3.2%adaptve and2% correctie.

Oneof theimportantissuesin re-engineerings the de-
tectionandlocationof design aws which preventan ef -
cient maintenancend further developmentof the system.
Marinescu[13] hasdiscussecdh metric-basedapproachto
detectsuchdesign a ws. Thetwo mostwell-known design
awsaregodclassesanddataclassesGodclassearethose
whichtendto centralisgheintelligenceof thesystemwhile
dataclassesrethosewhichde ne data elds andalmostno
methodsexceptsomeaccessomethods.The authorusesa
metric-basedapproachfor detectinggod classesand data
classes A casestudywasdoneon anindustrial projectof
50,000linesof C++ code.Theauthorpointsoutthattheap-
proachwas highly effective, thoughtherearedesign aws
like duplicatedcodeandthe numberof detectedbugsin a
classwhich would not be addressedy his approachbe-
causehey rely on metricsotherthanthe oneswhich canbe
obtainedrom the sourcecode.

Refactoring[6] is atechniqueto correctdesign awsin
objectorientedsystems Refactoringoperationseorganise
a classhierarchyby shifting responsibilitybetweerclasses
andredistrikuting instancevariablesand methods. There-
fore it would be betterif reverseengineeringapproaches
foundout which refactoringapproachebave beenapplied,
for understandingystemevolution. Demeyer etal [3] dis-
cussfour heuristicdor identifying varioustypesof refactor
ing operationavhich wereappliedto the pastversions.The
authorsdealwith the following threetypesof refactoring:
(i) splitting methodsinto smallerchunksto separatecom-
monbehaiour from the specialiseghartssothatsubclasses
canoverride, (ii) moving functionality to a newly created
sibling classand (iii) insertion/remweal of classedrom a
classhierarchyandredistritution of their functionality.

3. The Object of our CaseStudy

The systemstudiedfor this article is the PeopleTrack-
ing subsystenof ADVISOR, anintegratedsystemfor au-
tomatedsurweillanceof peoplein undegroundstationysee
Figure1). ADVISORIs beinghuilt aspart of a European
researctprojectinvolving 3 academi@nd3 industrialpart-
ners. The task of the PeopleTracker is to automatically
analyseimagesfrom oneor mary cameranputs. The sys-
temhasto detectall thepeoplein theimageandtrackthem
in realtimeasa streamof videoimagesis continuouslyfed

3AnnotatedDigital Video for Intelligent Suneillance and Optimised
Retrieval
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Figure 1. ADVISORSystem Overview

to the system.Theimagein Figure2 shovs anexampleof
thevisualisedoutputfrom the PeopleTracker.

3.1 Brief History

The original PeopleTracker waswritten at the Univer
sity of Leedsin 1993-19951singC++ runningunderlRIX
onansgi . It wasaresearchanddevelopmentsystemand
a proof of conceptfor a PhD thesis[2]. The main focus
during developmentwas on functionality and experimen-
tal featureswvhich representethe state-of-the-arin people
tracking at that time. No software designtechniquewas
employed during the code development. The only docu-
mentationgeneratedvasa shortmanualon how to write a
programusingthe PeopleTrackingmodule.

In 1995-199&he codewasusedin a collaborationbe-
tweenthe Universitiesof LeedsandReading.The software
was adaptedat the University of Readingto inter-operate
with avehicletracker which ranon a Sun/Solaris  plat-
form [15]. Only little functionalitywaschangedaindadded
duringthis time andno new documentationvascreated.

Startingin 2000, the PeopleTracker hasbeenchanged
for its usewithin the ADVISORsystemshownn in Figurel.
Thisnew applicationrequiredanumberof majorchangesit
differentlevels. This article focuseson the change<arried
outsofarwithin ADVISOR
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Figure 2. People Tracking Results

Table 1 shows a brief summaryof the characteristicef
the PeopleTracker at differentstagesof the project, start-
ing from January2000. Thesemetricswereobtainedusing
theCCCQC and C++ Code Counter )tool by Little-
fair [12). The sizeis givenin Lines of Code (LOC) in-
cludingcommentines. Theoriginal version(asof January
2000)is referredto as“PTy".

| Version]| LOC | Classes| Methods| GlobalFunc. |

PTo 38,520 154 1,177 271
PTy 45,762 191 1,363 286
PT 51,435 183 1,431 25
PTs 40,902 178 1,437 24

Table 1. Versions of the People Tracker

3.2 Motivation for Re-design

The planned use of the People Tracker within the
ADVISORSystemcarrieda lot of requirementshat could
notbemetby theoriginalimplementationMost of thenew
requirementsarosefrom the fact that the PeopleTracker
would now have to be part of anintegratedsystem,while
earlier it was standalone. The use of the PeopleTracker
within the ADVISORsystemalso meantmoving it “from
thelabto therealworld” which necessitatethary changes.
Figurel shavs how the PeopleTrackingsubsystenis con-
nectedo the othercomponent®f the ADVISORsystem.

Thenewrequirementsfor the PeopleTracker were:

The PeopleTracker hasto be fully integratedwithin
the ADVISORsystem.

It hasto run multiple trackers for video input from
multiple cameragoriginal software: onetracker, one
cameranput).

The ADVISORsystemrequiresthe PeopleTracker to
operatein realtime. Previously, the PeopleTracker
usedto readvideoimagedrom harddiskwhichmeant
therewerenorealtimerequirements.

Within ADVISOR the PeopleTracker hasto run au-
tonomouslywithout requiringinput from anoperator

The softwarehasto be portedfrom sgi to astandard
PCrunningGNU/Linux to make economicabkystem
integrationfeasible.

The statusof the existing PeopleTracker wasevaluated
in relationto the new requirements.It was obsened that
the systemhadsigni cant de ciencieswhich hinderedthe
implementatiorof therequirednew functionality:



Heavy useof globalvariablesandfunctionsmeanthat
multiple cameragouldnotbeused.

Exceptinga few pagesof operatingmanual,no other
documentationvasavailable.

Thoughthecodewaswrittenin C++, it madealimited
useof objectorientedfeatures.

Therewere very little commentsin the sourcecode
which madeit dif cult to read.

The namesof someof the classesand methodswere
misleading.

4. ApproachesTaken for the Re-design
4.1 Stagesof Work

Figure 3 shows the sequencef stepswhich were fol-
lowedto re-engineethe PeopleTracker. Theoriginal Peo-
ple Tracker is marked as “PTy”, which was running on
ansgi platform. In the rst phaseof the work the soft-
ware was portedto a PC running GNU/Linux . The ap-
proachtaken was “take code and compile”, replacingthe
non-eistentfunctionsin the process.PTy containedcalls
tosgi videohardwareandto amathematicalibrary which
did notexist onthe PC.

Jan 2000

1

Porting to
GNU/Linux

|

Addition of little
Functionality

Mar 2001

o

Reverse Eng. /
Re-engineering

Sep 2001

1

Addition of new|
Functionality

Mar 2002

¢

Figure 3. Sequence of Work

Oncethe porting was complete attemptswere madeto
incorporatenew functionality to the code. Thesewerein-
put/outputdata format changes. Added functionality in-
cludedthe capabilityto read XML les which adheredo

agivenXML Schemd?21] andto decode]lPEGimages.We
referto the productat this stageas“PT1". Thecharacteris-
tics of PT; have againbeenshovn in Tablel.

While incorporatinghe new functionalitythede ciency
of the software becameevident. Thesede ciencieswere
discussedh section3.2; someimportantin uencesof these
were;

As the codewasbadly documentedt wasdif cult to
understand.

The lack of structurein the code (mary global vari-
ablesetc) meantthat the collateraleffectsof changes
werenotlocalised.

At this stagetwo optionswere considered: (i) to re-
engineerthe system(ii) to develop a new systemfrom
scratch.For thefollowing reasonst wasdecidedto follow
there-engineeringpproach:

The new developersdid not have sufcient domain
knowledgeto develop a new systemat thattime, as
they werelearningthe systemin anincrementaman-
ner. Theoriginaldevelopersverenotavailable,andno
usefuldocumentatiomxisted.

It wasconsideredhecessaryo have a prototypeready
assoonaspossible.

The aim of the reverseengineering/re-engineerirgiep
was (i) to understandhe programand the design,(ii) to
nd andcorrectdesignawsand(iii) to recoverall thesoft-
wareengineeringartefactslik e the requirementandthe de-
sign documents.From the sourcecode, the classdiagram
was obtainedby usingthe tool RationalRose2000e[14].
The analysisof the classdiagramrevealedthatmary class
namedlid notre ect theinheritancehierarchya numberof
classesverefoundto be redundantandmary classeglid
have duplicatedfunctionality. The following correctional

stepswereperformednext:

Redundantlassesandsome“deadcode”[1] werere-
moved.

Global variablesand functions were eliminated and
their functionality distributed into both existing and
new classes Exceptionswvereglobal helperfunctions
like min() , max() etc which were extracted and
movedinto oneC++ module.

Many refactoringtechnique$3] wereapplied,suchas:

— Filtering out functionality duplicatedin similar
classesand moving it into newly createdbase
classes.

— Re-distritution of functionality betweenclasses
andlogical modules.



— Re-distrilution of functionality betweenmeth-
ods.

Consistentenamingof le namedo re ect classesle-
ned in them.

Meaningfulnameswveregivento classeandmethods.

PT, containedmary class implementationsin the
headerles; they were movedto the implementation
(.cc ) les.

Assertions[7, chap.6] were introducedat stratejic
pointsin the existing codeandin all of thenew code.

From both static analysisand dynamicanalysis[16],
a requirementdocumentand the UML artefactslike
theUseCase componentandpackagdevel sequence
diagramg17] wereobtained TheUML diagramshave
beenshavn in Figures6 through8 respectiely.

Duringthistime, aboutl manmonthof testingwasdone
to shav thatthemodi cationsandadditionswerefunction-
ing correctly The productafterthe reverse/re-engineering
stepis referredto as“PT,". Thecharacteristicef PT, can
beseenin Tablel.

In the nal step, the remaining part of the required
new functionality wasincorporatednto the re-engineered
product. This includesthe addition of separatgrocessing
threadsfor eachvideo input, addressinghe synchronisa-
tion andtiming requirementstc. A newly createdmaster
schedulemanagesll processingn orderto guaranteege-
altime performancevith multiple videoinputs. We will re-
fer to this versionof the PeopleTracker as“PT3”. Tablel
shavsthecharacteristicef PTs. This versionof thePeople
Tracker incorporateamost of the functionality neededfor
its usewithin ADVISORandimprovementsto the people
tracking algorithmswhich make it appropriatefor the ap-
plication[18]. The modulehasbeenvalidatedagainsttest
data. Currently(March 2002),the nal stageof systemin-
tegrationis beingundertalen.

4.2 MaintenanceEffort

The maintenancesffort (in man months)in relationto
thevariousstagesn Figurel canbefoundin Table2. Con-
sideringthe size of the project, a total of 26 man months
of maintenanceffort might seemalot. Thereasonis that
the developerswere doing porting and re-engineeringor
the rst time. Hencethey took sometime to understand

New Func.
6 MM

Little Func.
4 MM

Stage
Effort

Porting
8 MM

Re-Eng.
8 MM

Table 2. Distrib ution of Maintenance Effort

the underlyingconcepts.Table 3 shavs the percentagef
maintenanceffort by variousmaintenanceateyories. For
comparisonpurposeswe also give the averageeffort ob-
sened by Lientz, Swansonand Tompkins(LST) [11]. We
caninfer thefollowing:

Little correctve effort was necessaryasthe software
wasrunningwithout shaving ary signi cant errorsat
the startof theproject.

As the softwareneededo beportedto a differentplat-
form, theadaptve effort is higherthanaverage.

While the sum of perfectve and preventive mainte-
nanceeffort werefound to be similar to the LST av-
eragethereis a clearshift towardspreventive mainte-
nance. Thereasonis thata lot of effort was put into
improving the maintainabilityof the software, like in-
corporatingassertiongnto the code.

| Catggory | Effort | Average(LST) |

Correctve | 8% 17.4%
Adaptve | 31% 18.2%
Perfectve | 38% 60.3%
Preventve | 23% 4.1%

Table 3. Maintenance Effort by Category

4.3. CodeSize

Figure4 shovsthemeasuresf codesizeasthesoftware
was passingthroughthe variousstagesshaowvn in Figure 3.
Up to PTy, functionalitywassimply addedwithout remov-
ing muchunusedfunctionality During the re-engineering
phasethecodesizeincreasedThisis becaus¢hecodewas
mademore modularand scalablethroughthe introduction
of new middle layers,anddocumentationvasaddedto the
code.Also, unusedunctionalitywasidenti ed andmarked
as such. However, almostup to versionPTz, while new
functionality for ADVISORwasadded mostof theunused
legag/ functionality was kept in caseit would be needed
again. Whenit was nally removedin the lastversionex-
aminedhere,onecanseethe sharpdecreasé codesize.

5. Further Analysis and Discussion
5.1 GeneratedArtefacts of the PeopleTracker

As apartof there-engineeringrocessyariousartefacts
wererecoveredfrom the code,andthey were upgradedo
re ect the codeof the latestversionof the PeopleTracler.
In additionto the requirementocumentthe otherremain-
ing artefactsweremostly UML diagrams.Theinitial class
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diagramwhich was obtainedusingthe RationalRosewas
the primarysourceof all actiities. Both staticanddynamic
analysiswereemployedto obtainthe remainingUML dia-
grams.We now present brief descriptionof these:

Use Casediagram(s):We obtainedtwo Use Casedi-
agrams: one when the PeopleTracker works stan-
dalone,andthe otherwhenit is seenasa subsystem
of the ADVISORsystem. They have beenshown in
Figures5 and6 respectrely. Theformercorresponds
to the Use Casesas seenby the developer whereas
the latter correspondso the Use Casesafter the sub-
systemis integratedwith restof the subsystemsf the
ADVISOR

Class Diagram: The initial class diagramwas up-
gradedto incorporatethe new class structure after
refactoring and other transformations. We have not
shaown this diagramherebecausef its size. Figure7
shavs the packagediagram.

Sequenc®iagram: Figure8 shavs the sequencelia-
gramof the PeopleTracker at a higherlevel.

5.2 Experiencewith the Re-engineeed software

The re-engineerin@f the PeopleTracker (referto Fig-
ure 3) madeadditionof new functionality easier We illus-
tratethis by afew examples:

All classehandlingthedataandtrackingfunctionality
for onecamergie. onevideoinput) wereencapsulated
within oneCamera class.As aresult,the handlingof
multiple camerassimply amountedo creatingmulti-
pleinstance®f the Camera classesTheoriginal ver
sion (PTp) of the software handledfunctionality like
thevideo input, trackingetc. directly in the main()
programandonly onevideoinputwasimplemented.

Onalargerlevel, all Camera classeswithin onearea
of the undegroundstationare containedwithin one
PeopleTracker  class. Hencethe systemdesign
allows for scalingof the systemsimply by instanti-
ating more than one PeopleTracker  class. This
was donekeepingthe scalability aspectof the design
in mind, althoughthis functionality is not requiredat
present.

In the new design,all tracking resultsare contained
within one Results  class. As a consequencehe
new requiremento write out the resultsin XML for-
mat was a very localised operation. Additionally,
changingthe designto re ect the new functionality
wasstraightforvard.

5.3 Impr oved Maintainability

The re-engineeringof the software has improved its
maintainability We shaw this by consideringeachof the
maintainabilitycategories.

Corr ective Maintenance The software now usesasser
tions, henceit is easierto nd bugsat anearly stage.
Also, the new designmeanghat malfunctionsof par
ticular functionalitiescannow be easilylocalisedand
corrected.

Adaptive Maintenance The new software is not depen-
denton ary particularhardwareary more. The code
now strictly follows the ANSI/ISO C/C++ standard,
compliantwith ISO/IEC 9899:1999(E)[10], aswell
as|IEEE POSIX 1003.1c-199%xtensions[8] for all
multi-threadingfunctionality. As aresult,future port-
ing of thecodeshouldbeeasy

Perfective Maintenance The softwareis now betterdocu-
mentedandit hasa cleanstructure. Furthermoreall
the artefacts of the systemare in a consistentstate.
Hence,addingnew functionality is easiey asalready
experiencedanddiscussedbove.

Preventive Maintenance Assertionswhicharenow used,
help preventing malfunctions. Additionally, the re-
engineeringand the new designhave improved the
maintainabilityof the software.

5.4. PersonnelFactors

The skills of the personnelinvolved in the work de-
scribedin this article areasfollows:

1. A Ph.D.studenthaving academidknowledgeof soft-
wareengineeringgndOOPbut little experiencén soft-
waremaintenancetHe wastheteamleaderandhehim-
selfdid 60% of thewholetask.



2. A Ph.D.studenthaving academidknowledgeof soft-
wareengineeringmoderatdevel of programmingex-
perienceand no experiencein maintenance.He did
15%of thetask.

3. Two undegraduatestudentshaving no knowledge of
software engineeringbut good programmingexperi-
ence.They did 20% of thetask.

4. A seniorresearchehaving no knowledgeof software
engineeringanda moderatdevel of programmingex-
perience He did 5% of thework describedhere.

Thelack of maintenancexperienceof all the peoplein-
volvedwasa prominentfactorin makingthewholeprocess
inef cient. Insteadof makinganinitial work schedulethey
startedto implementnew functionality attoo early a stage.
Only afterimplementinga little functionality, they inferred
thatre-engineerin@f the softwarewasnecessaryAs are-
sult, precioustime waslost.

5.5. LessonsLearned

1. Any kind of maintenanceactvity, especially re-
engineeringmustbe precededyy adequatglanning.
In the presentaseijnitially attemptsveremadeto in-
corporatethe new functionalitiesand only whenthe
attemptdailed the maintainerdecidedto re-engineer
the software.

2. Sometraining shouldbe given to maintainers,espe-
cially whenthey arenot experiencedn doingmainte-
nance,for recognisingthat certaincodeis not main-
tainable.In the presentasethe maintainergook time
to learn aboutthe extent to which the code was not
maintainable.At this stage,sometool supportcould
aid in determiningthis aspectof the code. The tool
coulduseindicatordik ethenumberof globalvariables
andglobalfunctions,lack of documentatioretc.

3. Initially, themaintainerdelt astrongresistanceagainst
re-engineeringhesoftware. Evenwhenthey foundout
that addingnew functionality would be dif cult with
the currentstateof the code,they hesitatedo take the
stepto re-engineethe softwarebecausé¢his wasnota
partof their giventask. This seemso be a common
problemwithin software projects: a tradeof between
short-termgoalslik e addingfunctionality to the code
ononeside,andlong-termeffectslik e having a prod-
uctwhichis bettermaintainableWhile developersare
morelikely to determinghenecessityo re-engineea
product,managersendto resistit andfocuson short-
termgoals. Re-engineeringakesup alot of time and
resourcesn the shortterm, althoughin the long term
it might save time asmaintainabilityincreases.

4. The knowledgeof a precisemodel of re-engineering
processshould be in place before initiating the re-
engineeringapproach. In the presentcase,the trial-
and-errorapproachconsumeda lot of precioustime.
A correctdesignshouldbe a pre-requisiteto imple-
menting new functionality Design documentsand
other artefacts should always remain consistentwith
thesourcecode.

5. In the presentcase,refactoringtransformationsvere
appliedby locatingproblemspotsmanually Tool sup-
portcouldhave beenusedto recogniséadclassegfor
instancegodclassesanddataclasseg13]).

6. Developersshouldstick to standardanguageswith-
out usinglanguageaxtensions.Similarly, the product
shouldnot dependon speci ¢ hardwareto run. If the
useof software-or hardware-speci cfunctionsarere-
quired, eg. for optimisationpurposesthey shouldbe
isolatedandadequatelydocumentedo asto easefu-
ture portingoperations.

7. It wasobsenedthatdomainknowledgewasnota pre-
requisitefor performingthe portingtask. Sofar asre-
engineeringvasconcernedyery little domainknowl-
edgewas requiredfor performingthe staticanalysis,
whereaslynamicanalysisrequiredsigni cant amount
of domainknowledge. Furthermorea moderatdevel
of domainknowledgewasnecessaryhile addingnew
domainspeci c functionalities.

8. The maintainersf the PeopleTracker hadoccasional
short discussiongover lunch table or during coffee
hours)with experiencedoftwareengineersn the uni-
versity. They areof the opinionthatthis guidancen-
creasedheir awarenesf technicalaspectof soft-
waremaintenanceWe thereforerecommendhe con-
sultationof an experiencedsoftware engineerbefore
andduringthe maintenancéask.

6. Conclusion

In this paper we have presentedthe case study of
the PeopleTracking subsystemof the integrated system
ADVISORfor the suneillanceof peoplein anundeground
station. The mediumsized PeopleTracker was originally
developedin a University ervironment.We have described
how the modulewasre-engineeredothatit could beused
in the“real world” asa subsystenof ADVISOR Theteam
leaderof the maintenanceperationis a co-authorof this
articleandhe hasmaintainedhelog of all the maintenance
actiities, from beginning to end. None of the peoplein-
volvedin the re-engineeringaskhadarny maintenancex-
perienceandthereforethewhole procesavascarriedoutin



a suboptimalmanner The peopleinvolvedtook occasional
help from experiencedsoftware engineersaand these,they
believe, providedimportantguidancewvhenit cameto soft-
wareengineeringaspect®f thework,

The maintainerssuccessfullyre-engineeredhe product
and upgradedt with new functionality. The producthas
beenfound to be satiskctory by the project partnersand
it is now in the nal stageof its integrationwith the other
subsystemsf ADVISOR Furthermorethe maintainersare
satis ed with the work they have done. Initially therewas
no documentatiomvailablewith the software,but all UML
artefactsweregeneratedrom thesourcecode.Ouranalysis
shavs thatthe re-engineeringrocesshasbeeneffective in
achiering a highlevel of maintainability

Themainobsenationsof this casestudywere:

Tool supportor expertadvicecould aid in identifying
thata pieceof softwareis not maintainableto helpin
thedecisionwhetherare-engineeringprocessieeddo
be carriedout.

Increasing the maintainability of software by re-
engineeringechnigueshasmadethe additionof new
functionalitymoreef cient.

Surprisingly litle domain knowledge was necessary
for porting or re-engineeringhe software. Domain
knowledgewas mainly neededo extract dynamicin-
formationfrom thecode andpartlyduringtheaddition
of new functionality. At this stage the availability of
designdocumentscanto a certainextent make up for
missingdomainknowledge.
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Figure 5. Use Cases for the People Tracker (in Standalone/De velopment Mode)

Figure 6. Use Cases for the People Tracker (as a Subsystem of ADVISOR




Figure 7. Software Packages of the People Tracker

Figure 8. ADVISORSequence Diagram (at a Higher Level)



