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Abstract

Unregulatedevolution of software often leadsto software
ageingwhich not only makestheproductdif�cult to main-
tain but alsobreakstheconsistencybetweendesignandim-
plementation.In such a case, it maybecomenecessaryto
re-engineerthe software so that it becomesmaintainable
again. In this paper, we presentthe casestudyof the re-
engineeringof thePeopleTrackingsubsystemof a surveil-
lancesystemwritten in C++. We discusstheproblems,the
challengesandtheapproachestaken,andweshowhowthe
re-engineeredproductis nowbettermaintainable. We also
discussthegeneration of the relevantartefacts— from re-
quirementdocumentthroughto designdocument.

Keywords. Software Maintenance, Reverse Engineering,
Re-engineering, CaseStudy, OO Systems.

1. Intr oduction

Softwaremaintenanceis themodi�cation of a software
productafterdelivery. It is classi�edinto four categories[5,
p. 354–355]:

1. Correctivemaintenancerefersto modi�cationsfor cor-
rectingproblemsin animplementation.

2. Adaptive maintenancerefers to modi�cations for
adaptingaproductto changedenvironments,bothsoft-
wareandhardware.

3. Perfectivemaintenancerefersto enhancementssuchas
makingtheproductfaster, smaller, betterdocumented,
creatinga cleanerstructure,andaddingnew function-
alitiesbecauseof new userrequirements.

4. Preventive maintenanceinvolves changeswhich are
doneaiming at preventingmalfunctionsand improv-
ing maintainabilityof thesoftware.

Initial designof a softwareaimsat developinga prod-
uct so that modi�cations of the above kinds becomeeasy
to performin termsof time andeffort. Furthermore,it is
expectedthat asa consequenceof thesechanges,thesoft-
wareshouldpreserve theoriginal aim of the initial design.
However, it oftenhappensthatmodi�cationsaredonewith-
out propersoftware engineeringprinciples,and therefore
theinitial designsoonbecomesuncleanin thesensethatits
maintainabilitybecomescostlyin termsof effort andtime.

Consider the example of cohesionand coupling [5,
p. 309–317]. The interactionbetweenvarious elements
within a class should be maximisedand the interaction
acrossclassesshouldbeminimised.However, if too much
of “patchwork” wasdonein a “half-hazard”manner, then
theimplementationwouldno longerexhibit thedesiredlev-
elsof cohesionandcoupling.Furthermore,for bettermain-
tainability, it is expectedthatthevariousartefactsof a soft-
wareproduct— from requirementdocumentthroughto de-
sign— remainconsistentwith eachotherandthe implem-
tation. However, becauseof badmaintenanceover a long
periodof time, in many casesthis consistency is lost. As a
resultthesoftwarelosestraceability.

In sucha case,it may becomenecessaryto re-organise
thesoftwarewith thefollowing aims:

� to recover the systemartefactsfrom the implementa-
tion andtheexistingdocuments,

� to bring the artefacts to a consistentstate,possibly
throughre-designor re-speci�cation. The re-design
shouldaim at restoringthe quality characteristicsof
thesoftware[9],



� andto re-structurethe implementationin order to re-
�ect thenew design.

Consequently, the systemis mademaintainableagain.
This approach is often called re-engineering. Re-
engineeringis the approachof understandingthe old code
to keepmuchof it andto modify it to meetnew needs[20].
This approachinvolvesreverseengineering.Reverseengi-
neeringis theprocessof understandingandmodifyingsoft-
waresystems.It involvesidenti�cation of thecomponents
of anexistingsystemandtherelationshipamongthem.Fur-
thermore,it alsoaimsat creatinghigh level descriptionsof
variousaspectsof theexistingsystem[19].

Theprimarychallengewith regardsto re-engineeringis
to understandtheexistingsoftwarealongwith its associated
artefacts.In orderto accomplishthis,weneedtwo kindsof
information: static information anddynamicinformation.
Static information describesthe structureof the software
in relationto the sourcecode,while dynamicinformation
describesits run-timebehaviour [16].

In this paper, we discussthe caseof the PeopleTrack-
ing subsystemof an integratedsurveillancesystemfor un-
dergroundstations.The detailsof this systemwill be pre-
sentedin Section3. We brie�y discusstheevolution of the
systemand how it becameunmaintainableover time and
why it becamenecessaryto re-designit. Wedescribehow a
re-engineeringapproachwascarriedout andwhatbene�ts
wereobtainedfrom it.

The organisationof the paperis as follows. Section2
discussestherelatedwork. Section3 presentstheobjectof
our casestudyand the reasonsbehindits re-design.Sec-
tion 4 discussestheapproachtakenfor there-design.Sec-
tion 5 discussesthesystemafter there-design,thebene�ts
achievedandthe lessonslearntfrom this casestudy. Sec-
tion 6 concludesthepaper.

2. RelatedWork

A lot of researchhasbeencarriedout andpresentedon
softwaremaintenanceandreverseengineering.Wecitehere
thosewhichwe considerrelevantto our casestudy.

Lientz et al [11] have surveyed 120 organisationsand
analysedtheir maintenanceefforts in termsof their cate-
gories.Their observation: on average,17.4%of themain-
tenanceeffort is corrective,18.2%is adaptive,60.3%is per-
fectiveand4.1%is preventive.

Domschet al [4] have presenteda casestudyin object-
orientedmaintenancein which thetext baseduserinterface
(UI) of a product,which determinedthe numberof power
suppliesrequiredfor a systemcon�guration, wasreplaced
by agraphicalUI (GUI). Theadditionalrequirementswere:
(i) the new softwaremustprint relevant graphicaloutputs
to a printer and (ii) the new productmust run on various

32-bit Microsoft Windows platforms. The requirements
constrainedthe maintainerto useMicrosoft speci�c APIs.
Thesoftwareengineerwhodevelopedtheproductwasalso
themaintainer. The total maintenanceeffort was116 man
hours;95%of themaintenanceeffort wasperfective(devel-
opmentof GUI), 3.2%adaptiveand2% corrective.

Oneof the importantissuesin re-engineeringis thede-
tectionandlocationof design�a ws which preventan ef�-
cient maintenanceandfurther developmentof the system.
Marinescu[13] hasdiscusseda metric-basedapproachto
detectsuchdesign�a ws. Thetwo mostwell-known design
�a wsaregodclassesanddataclasses. Godclassesarethose
whichtendtocentralisetheintelligenceof thesystem,while
dataclassesarethosewhichde�ne data�elds andalmostno
methodsexceptsomeaccessormethods.Theauthorusesa
metric-basedapproachfor detectinggod classesand data
classes.A casestudywasdoneon an industrialprojectof
50,000linesof C++code.Theauthorpointsout thattheap-
proachwashighly effective, thoughtherearedesign�a ws
like duplicatedcodeandthe numberof detectedbugsin a
classwhich would not be addressedby his approachbe-
causethey rely onmetricsotherthantheoneswhichcanbe
obtainedfrom thesourcecode.

Refactoring[6] is a techniqueto correctdesign�a ws in
objectorientedsystems.Refactoringoperationsreorganise
a classhierarchyby shifting responsibilitybetweenclasses
andredistributing instancevariablesandmethods.There-
fore it would be better if reverseengineeringapproaches
foundout which refactoringapproacheshave beenapplied,
for understandingsystemevolution. Demeyer et al [3] dis-
cussfour heuristicsfor identifyingvarioustypesof refactor-
ing operationswhichwereappliedto thepastversions.The
authorsdealwith the following threetypesof refactoring:
(i) splitting methodsinto smallerchunksto separatecom-
monbehaviour from thespecialisedpartssothatsubclasses
canoverride,(ii) moving functionality to a newly created
sibling classand (iii) insertion/removal of classesfrom a
classhierarchyandredistributionof their functionality.

3. The Object of our CaseStudy

The systemstudiedfor this article is the PeopleTrack-
ing subsystemof ADVISOR3, an integratedsystemfor au-
tomatedsurveillanceof peoplein undergroundstations(see
Figure1). ADVISORis beingbuilt aspart of a European
researchprojectinvolving 3 academicand3 industrialpart-
ners. The task of the PeopleTracker is to automatically
analyseimagesfrom oneor many camerainputs. Thesys-
temhasto detectall thepeoplein theimageandtrackthem
in realtimeasa streamof videoimagesis continuouslyfed

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

to thesystem.Theimagein Figure2 shows anexampleof
thevisualisedoutputfrom thePeopleTracker.

3.1. Brief History

The original PeopleTracker waswritten at the Univer-
sity of Leedsin 1993–1995usingC++runningunderIRIX
on ansgi . It wasa researchanddevelopmentsystemand
a proof of conceptfor a PhD thesis[2]. The main focus
during developmentwas on functionality and experimen-
tal featureswhich representedthestate-of-the-artin people
tracking at that time. No software designtechniquewas
employed during the codedevelopment. The only docu-
mentationgeneratedwasa shortmanualon how to write a
programusingthePeopleTrackingmodule.

In 1995–1998the codewasusedin a collaborationbe-
tweentheUniversitiesof LeedsandReading.Thesoftware
wasadaptedat the University of Readingto inter-operate
with a vehicletracker which ranon a Sun/Solaris plat-
form [15]. Only little functionalitywaschangedandadded
duringthis timeandnonew documentationwascreated.

Startingin 2000, the PeopleTracker hasbeenchanged
for its usewithin theADVISORsystemshown in Figure1.
Thisnew applicationrequiredanumberof majorchangesat
differentlevels. This articlefocuseson thechangescarried
outsofarwithin ADVISOR.

Figure 2. People Tracking Results

Table1 shows a brief summaryof thecharacteristicsof
the PeopleTracker at differentstagesof the project,start-
ing from January2000.Thesemetricswereobtainedusing
theCCCC(C and C++ Code Counter ) tool by Little-
fair [12]. The size is given in Lines of Code(LOC) in-
cludingcommentlines.Theoriginal version(asof January
2000)is referredto as“PT0”.

Version LOC Classes Methods GlobalFunc.

PT0 38,520 154 1,177 271
PT1 45,762 191 1,363 286
PT2 51,435 183 1,431 25
PT3 40,902 178 1,437 24

Table 1. Versions of the People Tracker

3.2. Moti vation for Re­design

The planned use of the People Tracker within the
ADVISORSystemcarrieda lot of requirementsthat could
notbemetby theoriginal implementation.Mostof thenew
requirementsarosefrom the fact that the PeopleTracker
would now have to be part of an integratedsystem,while
earlier it was standalone.The useof the PeopleTracker
within the ADVISORsystemalso meantmoving it “from
thelab to therealworld” whichnecessitatedmany changes.
Figure1 showshow thePeopleTrackingsubsystemis con-
nectedto theothercomponentsof theADVISORsystem.

Thenew requirementsfor thePeopleTrackerwere:

� The PeopleTracker hasto be fully integratedwithin
theADVISORsystem.

� It has to run multiple trackers for video input from
multiple cameras(original software: onetracker, one
camerainput).

� The ADVISORsystemrequiresthePeopleTracker to
operatein realtime. Previously, the PeopleTracker
usedto readvideoimagesfrom harddiskwhichmeant
therewerenorealtimerequirements.

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

� Thesoftwarehasto beportedfrom sgi to a standard
PCrunningGNU/Linux to make economicalsystem
integrationfeasible.

Thestatusof theexisting PeopleTracker wasevaluated
in relation to the new requirements.It wasobserved that
the systemhadsigni�cant de�ciencieswhich hinderedthe
implementationof therequirednew functionality:



� Heavy useof globalvariablesandfunctionsmeantthat
multiplecamerascouldnotbeused.

� Exceptinga few pagesof operatingmanual,no other
documentationwasavailable.

� Thoughthecodewaswritten in C++, it madea limited
useof objectorientedfeatures.

� Therewere very little commentsin the sourcecode
whichmadeit dif�cult to read.

� The namesof someof the classesandmethodswere
misleading.

4. ApproachesTaken for the Re-design

4.1. Stagesof Work

Figure 3 shows the sequenceof stepswhich were fol-
lowedto re-engineerthePeopleTracker. Theoriginal Peo-
ple Tracker is marked as “PT0”, which was running on
an sgi platform. In the �rst phaseof the work the soft-
ware was portedto a PC running GNU/Linux . The ap-
proachtaken was “take codeand compile”, replacingthe
non-existentfunctionsin the process.PT0 containedcalls
to sgi videohardwareandto amathematicallibrary which
did notexist on thePC.

Porting to
GNU/Linux

0PT

Re-engineering
Reverse Eng. /

PT1

PT2

PT3

Addition of little
Functionality

Addition of new
Functionality

Mar 2001

Sep 2001

Mar 2002

Jan 2000

Figure 3. Sequence of Work

Oncethe porting wascomplete,attemptsweremadeto
incorporatenew functionality to the code. Thesewerein-
put/outputdata format changes. Added functionality in-
cludedthe capability to readXML �les which adheredto

agivenXML Schema[21] andto decodeJPEGimages.We
referto theproductat this stageas“PT1”. Thecharacteris-
ticsof PT1 haveagainbeenshown in Table1.

While incorporatingthenew functionalitythede�ciency
of the software becameevident. Thesede�ciencieswere
discussedin section3.2;someimportantin�uencesof these
were:

� As the codewasbadlydocumentedit wasdif�cult to
understand.

� The lack of structurein the code(many global vari-
ablesetc) meantthat the collateraleffectsof changes
werenot localised.

At this stagetwo options were considered: (i) to re-
engineerthe system(ii) to develop a new systemfrom
scratch.For thefollowing reasonsit wasdecidedto follow
there-engineeringapproach:

� The new developersdid not have suf�cient domain
knowledgeto develop a new systemat that time, as
they werelearningthesystemin an incrementalman-
ner. Theoriginaldeveloperswerenotavailable,andno
usefuldocumentationexisted.

� It wasconsiderednecessaryto have a prototypeready
assoonaspossible.

The aim of the reverseengineering/re-engineeringstep
was (i) to understandthe programand the design,(ii) to
�nd andcorrectdesign�a wsand(iii) to recoverall thesoft-
wareengineeringartefactslike therequirementandthede-
sign documents.From the sourcecode,the classdiagram
wasobtainedby usingthe tool RationalRose2000e[14].
Theanalysisof theclassdiagramrevealedthatmany class
namesdid not re�ect theinheritancehierarchy, anumberof
classeswerefound to be redundant,andmany classesdid
have duplicatedfunctionality. The following correctional
stepswereperformednext:

� Redundantclassesandsome“deadcode”[1] werere-
moved.

� Global variablesand functions were eliminatedand
their functionality distributed into both existing and
new classes.Exceptionswereglobalhelperfunctions
like min() , max() etc which were extractedand
movedinto oneC++ module.

� Many refactoringtechniques[3] wereapplied,suchas:

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

– Re-distribution of functionality betweenclasses
andlogicalmodules.



– Re-distribution of functionality betweenmeth-
ods.

� Consistentrenamingof �le namesto re�ect classesde-
�ned in them.

� Meaningfulnamesweregivento classesandmethods.

� PT1 containedmany class implementationsin the
header�les; they weremoved to the implementation
(.cc ) �les.

� Assertions[7, chap.6] were introducedat strategic
pointsin theexistingcodeandin all of thenew code.

� From both staticanalysisanddynamicanalysis[16],
a requirementdocumentand the UML artefacts like
theUseCase,component,andpackagelevel sequence
diagrams[17] wereobtained.TheUML diagramshave
beenshown in Figures6 through8 respectively.

Duringthistime,about1 manmonthof testingwasdone
to show thatthemodi�cationsandadditionswerefunction-
ing correctly. The productafter the reverse/re-engineering
stepis referredto as“PT2”. Thecharacteristicsof PT2 can
beseenin Table1.

In the �nal step, the remaining part of the required
new functionality was incorporatedinto the re-engineered
product. This includesthe additionof separateprocessing
threadsfor eachvideo input, addressingthe synchronisa-
tion andtiming requirementsetc. A newly createdmaster
schedulermanagesall processingin orderto guaranteere-
altimeperformancewith multiple videoinputs.We will re-
fer to this versionof thePeopleTracker as“PT3”. Table1
showsthecharacteristicsof PT3. Thisversionof thePeople
Tracker incorporatesmost of the functionality neededfor
its usewithin ADVISORand improvementsto the people
trackingalgorithmswhich make it appropriatefor the ap-
plication [18]. The modulehasbeenvalidatedagainsttest
data.Currently(March2002),the �nal stageof systemin-
tegrationis beingundertaken.

4.2. MaintenanceEffort

The maintenanceeffort (in man months)in relation to
thevariousstagesin Figure1 canbefoundin Table2. Con-
sideringthe sizeof the project,a total of 26 manmonths
of maintenanceeffort might seema lot. Thereasonis that
the developerswere doing porting and re-engineeringfor
the �rst time. Hencethey took sometime to understand

Stage Porting Little Func. Re-Eng. New Func.
Effort 8 MM 4 MM 8 MM 6 MM

Table 2. Distrib ution of Maintenance Effor t

the underlyingconcepts.Table3 shows the percentageof
maintenanceeffort by variousmaintenancecategories.For
comparisonpurposes,we also give the averageeffort ob-
servedby Lientz, SwansonandTompkins(LST) [11]. We
caninfer thefollowing:

� Little corrective effort wasnecessaryas the software
wasrunningwithout showing any signi�cant errorsat
thestartof theproject.

� As thesoftwareneededto beportedto adifferentplat-
form, theadaptiveeffort is higherthanaverage.

� While the sum of perfective and preventive mainte-
nanceeffort werefound to be similar to the LST av-
erage,thereis a clearshift towardspreventivemainte-
nance.The reasonis that a lot of effort wasput into
improving themaintainabilityof thesoftware,like in-
corporatingassertionsinto thecode.

Category Effort Average(LST)

Corrective 8 % 17.4%
Adaptive 31% 18.2%
Perfective 38% 60.3%
Preventive 23% 4.1%

Table 3. Maintenance Effor t by Categor y

4.3. CodeSize

Figure4 showsthemeasuresof codesizeasthesoftware
waspassingthroughthevariousstagesshown in Figure3.
Up to PT1, functionalitywassimply addedwithout remov-
ing muchunusedfunctionality. During the re-engineering
phase,thecodesizeincreased.Thisis becausethecodewas
mademoremodularandscalablethroughthe introduction
of new middle layers,anddocumentationwasaddedto the
code.Also, unusedfunctionalitywasidenti�ed andmarked
as such. However, almostup to versionPT3, while new
functionalityfor ADVISORwasadded,mostof theunused
legacy functionality was kept in caseit would be needed
again. Whenit was�nally removedin the lastversionex-
aminedhere,onecanseethesharpdecreasein codesize.

5. Further Analysisand Discussion

5.1. GeneratedArtefacts of the PeopleTracker

As a partof there-engineeringprocess,variousartefacts
wererecoveredfrom the code,andthey wereupgradedto
re�ect thecodeof the latestversionof thePeopleTracker.
In additionto therequirementdocument,theotherremain-
ing artefactsweremostlyUML diagrams.The initial class
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diagramwhich wasobtainedusingthe RationalRosewas
theprimarysourceof all activities. Bothstaticanddynamic
analysiswereemployedto obtaintheremainingUML dia-
grams.We now presentabrief descriptionof these:

� UseCasediagram(s):We obtainedtwo UseCasedi-
agrams: one when the PeopleTracker works stan-
dalone,and the otherwhenit is seenasa subsystem
of the ADVISORsystem. They have beenshown in
Figures5 and6 respectively. Theformercorresponds
to the Use Casesas seenby the developer, whereas
the latter correspondsto the UseCasesafter the sub-
systemis integratedwith restof thesubsystemsof the
ADVISOR.

� Class Diagram: The initial class diagram was up-
gradedto incorporatethe new class structureafter
refactoringand other transformations. We have not
shown this diagramherebecauseof its size. Figure7
showsthepackagediagram.

� SequenceDiagram:Figure8 shows thesequencedia-
gramof thePeopleTrackerat ahigherlevel.

5.2. Experiencewith the Re­engineeredsoftware

The re-engineeringof the PeopleTracker (refer to Fig-
ure3) madeadditionof new functionalityeasier. We illus-
tratethis by a few examples:

� All classeshandlingthedataandtrackingfunctionality
for onecamera(ie. onevideoinput)wereencapsulated
within oneCamera class.As a result,thehandlingof
multiple camerassimply amountedto creatingmulti-
ple instancesof theCamera classes.Theoriginalver-
sion (PT0) of the softwarehandledfunctionality like
thevideo input, trackingetc. directly in themain()
program,andonly onevideoinput wasimplemented.

� On a largerlevel, all Camera classeswithin onearea
of the undergroundstationare containedwithin one
PeopleTracker class. Hencethe systemdesign
allows for scalingof the systemsimply by instanti-
ating more than one PeopleTracker class. This
wasdonekeepingthe scalabilityaspectof the design
in mind, althoughthis functionality is not requiredat
present.

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

5.3. Impr ovedMaintainability

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

Corr ectiveMaintenance The software now uses asser-
tions,henceit is easierto �nd bugsat an early stage.
Also, thenew designmeansthatmalfunctionsof par-
ticular functionalitiescannow beeasilylocalisedand
corrected.

AdaptiveMaintenance The new software is not depen-
denton any particularhardwareany more. The code
now strictly follows the ANSI/ISO C/C++ standard,
compliantwith ISO/IEC 9899:1999(E)[10], as well
as IEEE POSIX 1003.1c-1995extensions[8] for all
multi-threadingfunctionality. As a result,futureport-
ing of thecodeshouldbeeasy.

PerfectiveMaintenance Thesoftwareis now betterdocu-
mentedandit hasa cleanstructure.Furthermore,all
the artefactsof the systemare in a consistentstate.
Hence,addingnew functionality is easier, asalready
experienced,anddiscussedabove.

PreventiveMaintenance Assertions,whicharenow used,
help preventing malfunctions. Additionally, the re-
engineeringand the new designhave improved the
maintainabilityof thesoftware.

5.4. PersonnelFactors

The skills of the personnelinvolved in the work de-
scribedin thisarticleareasfollows:

1. A Ph.D.studenthaving academicknowledgeof soft-
wareengineeringandOOPbut little experiencein soft-
waremaintenance.Hewastheteamleaderandhehim-
self did 60%of thewholetask.



2. A Ph.D.studenthaving academicknowledgeof soft-
wareengineering,moderatelevel of programmingex-
perienceand no experiencein maintenance.He did
15%of thetask.

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

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

Thelackof maintenanceexperienceof all thepeoplein-
volvedwasaprominentfactorin makingthewholeprocess
inef�cient. Insteadof makinganinitial work schedule,they
startedto implementnew functionalityat too earlya stage.
Only after implementinga little functionality, they inferred
thatre-engineeringof thesoftwarewasnecessary. As a re-
sult,precioustimewaslost.

5.5. LessonsLearned

1. Any kind of maintenanceactivity, especially re-
engineering,mustbe precededby adequateplanning.
In thepresentcase,initially attemptsweremadeto in-
corporatethe new functionalitiesand only when the
attemptsfailedthemaintainersdecidedto re-engineer
thesoftware.

2. Sometraining shouldbe given to maintainers,espe-
cially whenthey arenot experiencedin doingmainte-
nance,for recognisingthat certaincodeis not main-
tainable.In thepresentcase,themaintainerstook time
to learn about the extent to which the codewas not
maintainable.At this stage,sometool supportcould
aid in determiningthis aspectof the code. The tool
coulduseindicatorslikethenumberof globalvariables
andglobalfunctions,lackof documentationetc.

3. Initially, themaintainersfelt astrongresistanceagainst
re-engineeringthesoftware.Evenwhenthey foundout
that addingnew functionality would be dif�cult with
thecurrentstateof thecode,they hesitatedto take the
stepto re-engineerthesoftwarebecausethis wasnota
part of their given task. This seemsto be a common
problemwithin softwareprojects:a tradeoff between
short-termgoalslike addingfunctionality to the code
on oneside,andlong-termeffectslike having a prod-
uctwhich is bettermaintainable.While developersare
morelikely to determinethenecessityto re-engineera
product,managerstendto resistit andfocuson short-
termgoals.Re-engineeringtakesup a lot of time and
resourcesin theshortterm,althoughin the long term
it mightsave time asmaintainabilityincreases.

4. The knowledgeof a precisemodelof 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 artefactsshouldalways remainconsistentwith
thesourcecode.

5. In the presentcase,refactoringtransformationswere
appliedby locatingproblemspotsmanually. Tool sup-
portcouldhavebeenusedto recognisebadclasses(for
instance,godclassesanddataclasses[13]).

6. Developersshouldstick to standardlanguageswith-
out usinglanguageextensions.Similarly, theproduct
shouldnot dependon speci�c hardwareto run. If the
useof software-or hardware-speci�cfunctionsarere-
quired,eg. for optimisationpurposes,they shouldbe
isolatedandadequatelydocumentedso asto easefu-
tureportingoperations.

7. It wasobservedthatdomainknowledgewasnotapre-
requisitefor performingtheportingtask.Sofar asre-
engineeringwasconcerned,very little domainknowl-
edgewas requiredfor performingthe staticanalysis,
whereasdynamicanalysisrequiredsigni�cant amount
of domainknowledge.Furthermore,a moderatelevel
of domainknowledgewasnecessarywhile addingnew
domainspeci�c functionalities.

8. Themaintainersof thePeopleTracker hadoccasional
short discussions(over lunch table or during coffee
hours)with experiencedsoftwareengineersin theuni-
versity. They areof theopinion that this guidancein-
creasedtheir awarenessof technicalaspectsof soft-
waremaintenance.We thereforerecommendthecon-
sultationof an experiencedsoftware engineerbefore
andduringthemaintenancetask.

6. Conclusion

In this paper, we have presentedthe case study of
the PeopleTracking subsystemof the integratedsystem
ADVISORfor thesurveillanceof peoplein anunderground
station. The mediumsizedPeopleTracker wasoriginally
developedin a Universityenvironment.We have described
how themodulewasre-engineeredso that it couldbeused
in the“real world” asa subsystemof ADVISOR. Theteam
leaderof the maintenanceoperationis a co-authorof this
articleandhehasmaintainedthelog of all themaintenance
activities, from beginning to end. Noneof the peoplein-
volved in the re-engineeringtaskhadany maintenanceex-
perienceandthereforethewholeprocesswascarriedout in



a suboptimalmanner. Thepeopleinvolvedtook occasional
help from experiencedsoftwareengineersand these,they
believe,providedimportantguidancewhenit cameto soft-
wareengineeringaspectsof thework,

The maintainerssuccessfullyre-engineeredthe product
and upgradedit with new functionality. The producthas
beenfound to be satisfactory by the project partnersand
it is now in the �nal stageof its integrationwith the other
subsystemsof ADVISOR. Furthermore,themaintainersare
satis�ed with thework they have done. Initially therewas
nodocumentationavailablewith thesoftware,but all UML
artefactsweregeneratedfrom thesourcecode.Ouranalysis
shows that there-engineeringprocesshasbeeneffective in
achieving a high level of maintainability.

Themainobservationsof this casestudywere:

� Tool supportor expertadvicecouldaid in identifying
thata pieceof softwareis not maintainable,to help in
thedecisionwhetherare-engineeringprocessneedsto
becarriedout.

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

� Surprisingly little domainknowledgewas necessary
for porting or re-engineeringthe software. Domain
knowledgewasmainly neededto extract dynamicin-
formationfrom thecode,andpartlyduringtheaddition
of new functionality. At this stage,the availability of
designdocumentscanto a certainextentmake 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)


