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Abstract

Our recentwork hasaddressedhow and why software
systemsevolve over time, with a particular emphasison
software architecture and open source software systems
[2, 3, 6]. In this positionpaper, we presenta short sum-
maryof two recentprojects.

First, we haveperformeda casestudyon the evolution
of theLinux kernel[3], aswell assomeotheropensource
software (OSS)systems.We havefound that several OSS
systemsappearnot to obey someof “Lehman's laws” of
software evolution [5, 7], and that Linux in particular is
continuingto grow at a geometricrate. Currently, we are
working on a detailedstudyof the evolution of oneof the
subsystemsof theLinuxkernel: theSCSIdriverssubsystem.
We havefoundthat cloning,which is usuallyconsideredto
be an indicator of lazy developmentand poor process,is
quite commonand is evenconsidered to be a usefulprac-
tice.

Second,we are developinga tool called Beagleto aid
software maintainersin understandinghow large systems
havechangedovertime. Beagleintegratesdata fromvari-
ousstatic analysisandmetricstools andprovidesa query
engineas well as navigablevisualizations. Of particular
note,Beagleaims to providehelp in modellinglong term
evolutionof systemsthat haveundergonearchitectural and
structural change.

1 Evolution and Growth in Open Source
Software

Large softwaresystemsmustevolve, or they risk losing
marketshareto competitors[5]. However, it is well known
that maintainingsucha systemis extraordinarilydif�cult,
complicated,andtimeconsuming.Thetasksof addingnew
features,addingsupportfor new hardwaredevicesandplat-
forms, systemtuning, and defect�xing all becomemore

dif�cult asasystemagesandgrows.
Most studiesof softwareevolutionhave beenperformed

onsystemsdevelopedwithin a singlecompany usingtradi-
tional managementtechniques.With thewidespreadavail-
ability of several largesoftwaresystemsthathave beende-
velopedusingan“opensource”developmentapproach,we
now have a chanceto examinethesesystemsin detail,and
seeif theirevolutionarynarrativesaresigni�cantly different
from commerciallydevelopedsystems.

Lehman's laws of software evolution [5], which are
basedoncasestudiesof severallargesoftwaresystems,sug-
gestthatasa systemgrows in size,it becomesincreasingly
dif�cult to addnew codeunlessexplicit stepsaretakento
maintaintheoverall design.Turski's statisticalanalysisof
thesecasestudiessuggeststhatsystemgrowth (measuredin
termsof numbersof sourcemodulesandnumberof mod-
ules changed)is usually sub-linear, slowing down as the
systemgetslargerandmorecomplex [7].1

Our analysisinto the evolution of the Linux kernel [3]
hasled to several surprisingobservations. First, we noted
that the growth of the kernelhascontinuedat a geometric
rate,evenasit hassurpassedtwo million lines(MLOC) of
sourcecode. Our statisticalanalysisindicatesthat a good
modelfor Linux'sgrowth is
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��� sizein uncommentedLOC
��� dayssincev1.0
��� �!������" (coef�cient of determinationcalcu-
latedusingleastsquares)

We measuredsystemsizein uncommentedLOC; we noted
that thegrowth patternis roughlythesamefor commented
LOC, numberof sourcecode�les, andeven tar �le size.
Figure1 shows thegraphof growth in termsof numberof
source�les (theapproachfavouredby Lehmanetal. ).

1More formally, the Turski/Lehmangrowth modelhasbeengiven as
#%$�&'#)(�*,+-#/. where # is numberof sourcemodules[7]; this equation,
whensolveddirectly, canbeprovento beapproximately#0&'132�*)4�57698;: .
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Figure 1. Growth in the number of sour ce code �les of the Linux kernel (*.[ch] ).
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Figure 2. Percentage of total system LOC for each major subsystem (development releases onl y).
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We hypothesizethat Linux hasbeenableto enjoy sus-
tainedsuper-lineargrowth for a numberof reasons:

� Theuseof anopensourcedevelopmentprocessmodel
has permitteda large numberof developersto con-
tribute to the project. The popularityof Linux com-
binedwith carefulguardianshipover key partsof the
kernelsourcehasmadefor a reliableandwell archi-
tectedsystemasa whole.

� As Figure2 shows,morethanhalf of thesourcecode
of the Linux kernel consistsof drivers. Drivers are
largely independentof eachother and of the rest of
the system. (However, oneshouldnotethat Figure2
alsoshows that the restof thesystemis alsogrowing
at roughly the samerateasthe systemasa whole —
thepercentageof Linux thatconsistsof drivershasin-
creasedonly slightly.)

We also examined the growth of several other open
sourcesystems,including the VIM text editor, Eric Ray-
mond's fetchmail utility , andthe GCC compilersuite.
We have found that eachsystemhasa different story to
tell. For example,VIM' s growth seemedto mirror that of
Linux; thatis, it hasalsobeengrowing atasuper-linearrate
for a numberof years. However, a detailedanalysissug-
geststhatVIM' ssoftwarearchitectureis decaying(e.g., the
two largestsource�les in thecurrentdistributionarenamed
misc1.c andmisc2.c ). Ourhypothesisasto why VIM
is still ableto enjoysuper-lineargrowth despitethis decay
is twofold: �rst, VIM is still of a relatively tractablesize
(˜150KLOC), andsecond,itsarchitectureis thatof acentral
globaldatastructurebeingoperateduponby several largely
independentsubsystems.

In summary, we hypothesizethat that successfulopen
sourcesoftwareseemsto have a developmentdynamic—
distinctfrom thatof mostindustrialsoftware— thatallows
somesystemsto grow at a super-linear ratefor prolonged
periods. We considerthat this phenomenonis worthy of
additionalinvestigation.

Futurework in this projectwill includea detailedanaly-
sisof theevolutionof oneof themajorsubsystemsof Linux:
the SCSI driverssubsystem.We have chosento examine
this subsystemasit is a collectionof many smallprograms
in widespreadusethatperforma similar task. This makes
it a goodcandidatefor a studyof parallelevolution. Ad-
ditionally, we have noticedthat codecloning hasoccurred
commonlythroughoutthehistoryof thissubsystemmaking
it a goodcasestudyon the effectson cloning in industrial
softwareandfor providing validationon the effectiveness
of existing clonedetectiontools.

2 Exploring Ar chitectural
Evolution with Beagle

We2 aredevelopinga tool calledBeagle3 to aidsoftware
maintainersin understandinghow large systemschange
over time. Ourgoalsfor Beagleincludethatit should:

� have a �e xible architecture,allowing for the addition
of new functionality;

� support both �nely- and coarsely-grainedanalysis,
plusprovide infrastructurefor moving betweenlevels;

� supportquerying,navigation,andvisualizationof dif-
ferenthistoricalandarchitecturalviews;

� scaleup to handlemultiple versionsof MLOC sys-
tems;

� explicitly addressissuesrelatedto architecturalevolu-
tion andstructuralchange,including

– extractingandmodellingarchitectural-level rela-
tions,

– detectingandtrackinghow architectureschange
over time,and

– providing supportfor locating programentities
thathave “moved” betweenversions;

� comparearchitecturalsnapshotsof differentversions
of a system(includingsupportfor pairsof versionsas
well asmultiple versionsatonce);and

� supportidenti�cation anddetectionof changepatterns
[3].

Our implementationof Beagleconsistsof a DB/2 server
populatedwith program“facts” (derivedfrom staticanaly-
sisandmetricstools),togetherwith thevisualizationengine
from thePBSsystem[1], andaJava-basedinfrastructurefor
querying,analysing,andnavigating the resultinginforma-
tion. Figure 3 shows a snapshotof Beagleanalysingthe
differencebetweentwo versionsof GCC.

Of particularnoteis Beagle's supportfor detectinghow
a system's architecturechangesover time. For example,a
softwaresystemmaybe“refactored”by moving somefunc-
tionsto different�les, aswell asby creatingsomenew �les
andsubsystems.A naiveanalysisof thedifferencebetween
twoversionsof asystemwill typically indicatethatthereare
many “new” programentitiesin the newer version; how-
ever, many of these“new” entitiesare actuallypresentin
theold version,but arecontainedin a different�le or sub-
system,or have a slightly differentnameor parameterlist.

2“We” meansmy Master'sstudentQiangTu.
3We have namedour tool after theHMS Beagle,theship thatDarwin

sailedon.
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Figure 3. A screenshot of the Beagle tool illustrating the differences between two versions of a
subsystem of the GCC compiler suite .
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Most tools for analysingsoftwareevolution thatwe arefa-
miliar with maketheassumptionthatthebasicarchitecture
of asystemwill notchangemuch,andprovidelittle support
if thereis signi�cant change.

Beagleperformsa smartanalysisby examining “new”
programentities,andlooking for likely matcheswithin the
old versionof the system. Beagleusestwo approaches:
a metrics-orientedentity-basedapproachbasedon Konto-
giannis' work on clone detection[4], and a relationship-
basedapproachwherecandidatesaresuggestedif they en-
gagein thesamerelationships(e.g., functioncalls)with the
sameprogramentities.In this way, Beaglecanaid a main-
tainerto build a moreaccuratemodelof how a systemhas
changedover time.
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