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Abstract

Theprocesof E-typesoftwaredevelopmerandevolution
hasprovenmost difficult to improve, possiblydueto the
factthat the processs a multi-input, multi-outputsystem
involving feedbaclat manylevels. This observationfirst
recordedn the early 70s during an extendedtudy of
0OS/360evolution, was recentlycapturedn a FEAST
hypothesis;a hypothesiseing studiedn on-goingtwo-
yearproject,FEAST/1.Preliminary conclusiondasedon
astudyof afinancialtransactiorsystem,FW, areoutlined
andcomparedvith thosereachedluringthe earlierOS/360
study. The new analysissupports,or better doesnot
contradict,thelawsof softwareevolution, suggestinghat
the 1970s approachto metric analysisof software
evolutionis still relevantoday.It is hopedhatFEAST/1
will provide a foundationfor masteringthe feedback
aspect®f the softwaresvolutionprocesspopeningup new
paths for process modelling and improvement.

Keywords:Software:{processgvolution, processnetrics,
dynamics and improvement; Lehman's laws

1 Introduction

A 1968 study of the IBM softwareprogramming
process [leh69,85]led, inter alia, to metricbasedstudies
of 0S/360 [bel72,leh74,85]and other systems
[leh80b,kit82]. Analysis of datarelating ultimately to
some26 of OS/360releasesndsub-releaseddentified
andorderedby their releasesequencaumberrsn [cox66],
yieldedinsightsinto variousaspectf its evolutionary

! Unlessotherwisestated all referencesin thispaperto processefer
to both ab initio developmentind to subsequengystemmaintenance
that is, to the process of all aspects of system evolution [leh85].

2 Referencesn thispapertotheIBM 0S/360systemrefer to boththat
system and its successor OS/370.
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trends.An exampleof the studyoutputis providedby
figure 1.
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Fig. 1 OS/360 growth trend by rsn

Up to releasesn,,, the 0S/360growthtrendillustratec
by figure 1 may be interpretedas a small ripple
superimposedn otherwisesmoothgrowth. This patterr
is reminiscenbf tracesgeneratedy self-regulatingand
self-stabilisingsystemswith both positive and negative
feedbackbel72, 1eh78].The behaviouthereaftermay be
interpretedas a sign of instability inducedby excessiv:
positive feedbackrapidfunctionalevolutionwhich led to
afission processthe transitionfrom OS/360to VS1 and
VS2. Alternatively it may be interpretedas chaos-like
behaviour.Either interpretationsuggeststhat further
prediction based on earlier behaviour is uncertain.

It was theseobservationghat first suggestedhat
softwareevolution processeare andmust be treatedas
beingfeedbackirivenandconstrainegystemglen74,78]
Subsequentlypreliminaryexaminatiorof dataon severa



non-IBM systems repeatedmany of the earlier
observations [len77,bel78].

The feedbackhemewas also appliedby Abdel-Hamid
andMadnick [abd91]in their work on the useof system
dynamics in modelling software project management
issues.This approachand relatedmodelling techniques
originatedin the seminalwork of Forresterand his
colleaguest M.I.T [for61,70]. More recentlyit hasbeen
appliedto the study of aspectsof softwareprocess
improvement, eg. [abd91,mcg93,wae94,mad96].

The 1970s study, exemplifiedby figure 1, revealed
regularity unexpectedfor variables the indirect
consequencesf human decisionbut not directly or
intentionally controlled. It could and was, therefore,
capturedn aseriesof statementsbstractinghe observed
behaviour.Suchabstractiorinvolves adomainlargerthan
the realmof softwaretechnologyas normally understood
In fact, it includessoftwaretechnologyasa sub domain.
From the point of view of softwareengineeringsuch
statementsnust, therefore be acceptedas an external
regulatingand constrainingforce. To overcomethem
requires expertise in  organisational dynamics,
managemengociologyetc.,not just softwaretechnology.
Thus they were subsequentlyeferredto as laws of
software evolution [leh74,78,80,85].The laws, as
proposedthen [leh74] and subsequentlyamended
[leh78,80],are summarisedn table 1 with column 1
indicating the year when each was first published.

Thelaws could,however,only be appliedwith any degres
of confidenceéo the domainsto which the datarelated
Generalisatiomlependedn obtainingconfirming evidenct
from other systemsand organisationslf achievedsuct
generalisatiorwould providea theoreticaland practica
baseandframeworkfor the evolution of E-type programs
that is, softwaresolving a problem or addressingan
application in the real world [leh80b].

2 Process improvement

In recentyearsmany businessesand the software
industryin particular,havedevelopea stronginterestin
and commitmentto disciplined processimprovement
More andmorebusinesprocesseare, howeverdepender
on softwaregeneratethformation. They aredriven and
controlledby computersaandsoftware probablyincluding
E-typelegacysystemghatmay have beewoperationafor
manyyears Now specificatioranddesignof suchsystem:
requiresassumptionsibouttheintendedapplicationandits
operationatlomain.Thesejn turn, will bereflectedin the
software.Subsequentlyinstallation and operationof the
systemtogetherwith exogenouschangewill invalidate
some of the embeddedssumption$leh89]. The systen
must, therefore be continually updatedo maintaintheir
validity andadapto changectircumstancesBusinessand
softwareprocessimprovementare strongly linked and
interdependent [leh97].

No. Brief Name Law
| |Continuing Change E-type systemsmustbe continuallyadapteclsetheybecomeprogressivelyess
1974 satisfactory.
Il |Increasing Complexity As an E-type systemevolvesits complexity increasesinlesswork is doneto
1974 maintain or reduce it.
Il |Self Regulation E-type systemevolutionprocesss self regulatingwith distributionof produc
1974 and process measures close to normal.
IV |Conservation of Organisation|The averageeffectiveglobal activity ratein an evolving E-type systemis
1980|Stability (invariant work rate) |invariant over product lifetime.
V |Conservation of Familiarity |As an E-type systemevolvesall associateavith it, developerssalespersonne
1980 users for example must maintainmasteryof its contentandbehavioufleh80a
to achievesatisfactoryevolution. Excessivegrowth diminishesthat mastery
Hence the average incremental growth remains invariant as the system ev
VI |Continuing Growth The functional contentof E-type systemsmust be continuallyincreasedo
1980 maintain user satisfaction over their lifetime.
VIl |Declining Quality The quality of E-type systemswill appearto be decliningunlessthey are
1996 rigorously maintained and adapted to operational environment changes.
VIl |Feedback System E-type evolution processexonstitute multi-level, multi-loop, multi-agen
1996|(first stated 1974, feedbacksystemsandmustbe treatedassuchto achievesignificantimprovemen
formalised as law 1996) over any reasonable base.

Table 1 Laws of software evolution



The presentpaper focuseson software process
improvement.The factis that the softwareindustry has
beenseekingimprovementof the softwaredevelopment
and maintenanc@rocessfor many years[wil51,leh96].
Academicand industrial effort has yieldedincremental
improvementthroughthe introductionof newlanguages,
formalisation,improved methods,mechanisedsupport
(CASE), new programming paradigmsand so on.
Neverthelesgheindustrialtrack recordraisesthe question
why, despiteso many advancesthe global software
developmenprocessrom conceptiorto useis still so
often marredwhy satisfactoryfunctionality, performance
andqualityis only achievedvera lengthyevolutionary
processwhy softwaremaintenanceeverceasesintil a
systemis scrappedyhy softwares still generallyregarded
astheweakestink in the developmenbf computer-based
systems [leh94,96].

Explanationsfor individual failures can always be
found. This papersummarises more generalapproach
arising from recognisingthat developmentindevolution
processe$or E-type systemsare intrinsically feedback
systems[leh94]. The remainderof the paperreports
preliminary results from an investigationof this
hypothesis.

3 FEAST (Feedback, Evolution And
Software Technology) and FEAST/1

Someyearsago, the realisationthat feedback in the
softwareproces<ould explainthedifficulties encountered
in achievingits global improvement,led to the
formulation of a FEAST hypothesis [fea94,leh94]:

As complexfeedbaclsystemsE-type softwareprocesses
evolve strong systemdynamicsandwith it the global
stability characteristicof othersuchsystemsConsequent
stabilisationeffects are likely to constrainefforts at
process improvement

More recentlythe hypothesiswas restatedin the
following terms [leh96c]:

As for othercomplexfeedbaclsystems the dynamicsof
the real world softwaredevelopmentand evolution
processesvill possesa degreeof autonomyandglobal
stability.

Both versionsof the hypothesisincludea numberof

The EPSRC proposal that resulted from these
discussionsvasentitledFEAST/1[leh96c],the"/1" in the
title indicatingthatthis two year,3 personprojectwasto
be seenas a first stepin alongerandmore widesprea
investigation.The proposalWwasapprovedn March199€
andthe resultanprojectcommencefbrmal investigation:
in October1996in collaborationwith ICL plc, Logica
plc, Matra-BAeDynamicsplc andtwo groupswithin the
UK Ministry of DefenceThe statedobjectives]len96c]
were to:

« provideobijective evidencehat feedbackphenomen
andthe consequergystemdynamicshavesubstantic
impact in the software process

« demonstrat¢hat the phenomenaanbe exploitedin
both managing and improving industrial processe:

» producqustificationfor a widerandmore substantie
study based on the feedback perspective.

The two year investigationwill seekto identify and
characteristhefeedbacknechanismactivein the process
their impact on processharacteristicend methodsfor
applying the understandinggainedto improve the
respectiveprocesseslt expectsto demonstratgor
otherwise}hefeedbackbehaviouiof somewidely different
systems. Three approaches are being employed:

« ablackboxapproaclis studingquantitativedatafrom
a numberof industrial softwareprocesseto identify
patternsin the evolution of the respectivesystems
Thedatawill beanalysedn a searcHor footprints of
dynamical behaviour and feedback control

« a white box approachaims at the constructionand
enactmenbf systemdynamicsmodelsof individual
processesThesewill reflectfeedbacknechanism:
their properties and their impact on the global prox

« athird approachnot includedn theoriginal proposa
andnot formally part of FEAST/1, is exploring the
use of multi-agentsystems[mca95]to modelthe
selectedprocessesand to evaluate proposel
improvements.

Full investigationof the hypothesisand, if upheld,of
meansfor its exploitation, is not straightforward As
previously discussedleh96b], difficulties arise from
severafactors.Theprocessebeinginvestigatedirelikely
to includetens,if not hundredspf forwardpathsand
feedbackoops.A simulationapproactsuchasthesysten
dynamicstechniquereferredo in sectionl is, therefore
more appropriatetool for the investigationthan the
analytical tools of control theory. Moreover, the

assertions [leh96a] but these are not further discussed hereprocessingindcontrol mechanismsassociateavith these

Thehypothesisandits implicationswereexamineaver
a periodof time by a FEAST coregroup,a subgroupof
the presentauthors.lts deliberationgleh96b]ledto three
workshopsheld at Imperial College during 1994/5
[fea94,95].The objectiveswereto exposethe ideasto a
widergroupof peopleinterestedn the softwareprocessto
seekthe objectivecriticism of expertsand,in generalto
explore the hypothesis and its implications.

® Thetermfeedbackmaybeinterpretedn severaldifferentways. This
theme has been discussed in [leh96b].

loops involve people, individually and in groups as
managersor implementors.All observe,interpret
communicatedecideandact or refrainfrom actingon the
basisof their overall perceptiontheir instructionsand,
consciouslyor otherwise,their inclinations, experienc
andbiasesMuch of the feedbaclkcontrolis unplannear
even unconsciousSome, at least, of the feedbacl
mechanismsare, therefore, stochasticand non-

* (UK) Engineering and Physical Sciences Research Council.



deterministic.Furthermorethe systembeing modelled
includes elementsthat contain implicit models of

themselvesThis is of coursemathematicallyntractable
posing a fundamentalultimate obstacleto the
investigation[gdd31,leh85]. Note also that convincing
supportfor the hypothesigequireghatthe analysisandits

associatedpredictive models, must necessarilybe
guantitative. The numberof datapoints availablefor each
of the classe®f datais, however likely to be relatively
small. Statistical analysis and the determinationof

significancas, thereforenot straightforward.Workin the
applicationof control theory to economicmodelling
[bec94]and,more recently,in the applicationof system
dynamics to aspectsof the software process
[abd91,wae94,mad96liggesthowever, that progresss

possible Note alsothat softwareengineersandothersin

the organisationsn which andwith which they work do

not, in generalhavethe understandincknowledge skills

or experienceequiredor this analysisas part of their

backgroundThe long term studyrequires,therefore,a
collaborative,extended multidisciplinary approachto

achieve exploitable results.

The remaindeiof this paperfocuseson the initial
resultsof the first FEAST/1 black box study. Much still
remainsto be doneandthe most significantcontribution
of the presentproject may well be to arousewider
internationalinterest and so trigger the necessary
collaborative investigations.

4 A first case study: the Logica FW
system

4.1 FW data

After extensivediscussionwith the collaboratorsand
others,selectioncriteriaandcandidatesystemshavebeen
identified. The preferencewas for mediumto large
systemshow everdefinedlt wasalsoconsideredesirable
to concentrateon systemsthat were being usedin a
numberof locationsso that the effectof usersfeedback
which, it is believedjs likely to havesignificantimpact,
couldbeidentifiedandassessedthercriteriaincludedthe
availability of historical dataon system evolutionto
permitinitial blackbox analysisto detectthe presencer
absenceof feedback-likebehaviour.Prior experience
suggestshatdataon sometenreleasess necessarfor the
identification of behaviourpatternsFor the white box
studiesseekingto modelinternalprocesstructureandto
identify active feedbaclcontrolsandtheirimpact,ongoing
projects were consideredessential Projects having, in
addition,a sufficientlylong historyto providemeaningful
black box datawould be particularlyuseful since this
would provide opportunitiesfor linking characteristics
inferredfrom the black andwhite box studies At thetime
of writing collaboratorproductsandprocessesatisfying
thesecriteriahave beendentified,informationon process
structureandcontentis being gatheredand metric data

should be available shortly.

Thefirst systemevolutiondatato be madeavailableto
the FEAST/1 projectwas on the Logica plc Fastwire
(FW) financial transactionsystem.This 8 yearsold
systemis now installedon someonehundredsites. The
dataset receivedcoversthe most recent5 yearsof its
evolution. Since then there have beenseveralmain
releasesand many more sub-releasesThe data set as
receivedrom Logica relatedto some 100 releasegas
definedby them) with eachentry including three date
items;releasdD, sizein modulesandnumberof module:
changedReleasalatesverealso availablefor mostof the
datapoints.Many of thesereleasesvere however,of the
same sizeastheir predecessoClarificationrevealedhat
thesewerefix releaseghat were very frequentlyonly
transmittedto those (limited) number of customer
adversehaffectedby afault in an earlierreleaseA subse
of the datawasthereforeselectedAs morefamiliarity with
the system history has been attainedthe criteria, and
thereforethe subsetselectedhavehadto be changedo
yield the set shown in table 2. The analysisandplots
presentedbelow may, therefore,differ somewhatfrom
thoseincludedn earlierpublications[tur96], [leh96a,97]
The trendsand patternsthey displayhave, however,not
changedsignificantly. Details of the selectionand
refinementcriteria applied to the data have beer
documented in an internal report.

RSN Size in Release|| RSN Size in Release)
Modules ID Modules ID

1 977 1.0 12 2087 5.0A
2 1344 2.0A 13 2091 5.0B
3 1390 2.0B 14 2095 5.0C
4 1492 2.0C 15 2101 5.0D
5 1581 2.0D 16 2151 5.0E
6 1595 2.0E 17 2167 5.0F
7 1800 3.0A 18 2312 6.0A
8 1832 3.0B 19 2315 6.0B
9 1897 4.0A 20 2696 7.0A
10 1897 4.0B 21 2699 7.0B
11 1902 4.0C

Table 2 The FW data set

To protecttheiridentity, the IDs of thereleasefistedin
table2 have beemeplacedby a sequencef identifiers tha
replaceghoseassignedyy Logica.In addition,andaswas
donein the OS/360study [leh80b],consecutiventeger:
have beenassignedto the releasescomprising the
evolution sequencéo be analysed.These provide a
pseudo-time measuredesignatedhe rsn, a sequenc
numberin the sensef Cox andLewis [cox66].Basingthe
analysison this measurés appropriatdbecausenly atthe
instantof releaseof an E-type softwaresystemare its
propertiesas determinedby the thenestablishedoftware



text, uniquelydefined.By definition, an E-type system
operatesn adomainalwaysliable to changeat a ratethat
is acceleratetly developmentinstallationandoperatiorof
the system.Thus the softwargoo, thatis the codeand/or
its documentationmustbe repeatedlyupdatecindadapted
to remain a faithful model of the applicationin its
operationadomain.At thetime of releasehe textis, by
edict, fully defined.At all othertimesit is likely to bein
a state of flux [leh85].

Thereleasemcludedin the analysiswhoseresultsare

presented below may be categorised into three classes:

< Major mainstreamreleasesTheseare intendedto be
adoptedby the majority of userorganisationsThey
areoftenrequiredo achievestandardisatioar for legal
reasons.

¢ Minor mainstreanreleasesThese provide minor
improvementsor enhancementsSuch releasesare
includedin the analysispresentedbelowonly where,
in additionto other criteria,at leastone modulehas
beenaddedr deletedvith respecto its evolutionary
predecessor.

« Error correction releases.These neither add nor
enhancdunctionality. Thesealso have beerncluded
in the analysisif theyinvolve systemgrowth by, at
least, one module.

One consequencef orderingreleasedy rsn in the
presencef thevarioustypesof releasess thata situation
may arisein which the orderingadoptedliffers from the
dateordering.For example,work on a new mainstream
version3.0A mayhave beeproceedingoncurrentlywith
minor enhancemendr bug-fixing of an older release.
Releas8&.0A may beshippedo mainstreantlientsbefore
2.0E is readyfor delivery.As illustratedin figure 2,
release?2.0D precedegselease8.0A in realtime andmight,
thereforeappearto be its uniqueparent.Release3.0A
will, howeverhavealso inheritedfunctionality andcode
first developedor andintegratednto 2.0E. Thereforejn
the evolutionarysenserelease?.0E is (at least)alsoa
predecessor of 3.0A and is given the lower rsn.

Release Size

3.0A

@)

20D 2.0E

Release
> Date

Fig. 2 Example of release ordering by date
(not to scale)

® As per the first law of software evolution as reproduced in table

An additionakeleaseype hasbeendentifiedin the FW
process This type, termedad-hoc, is initially aimedatthe
satisfactiorof the need=f aspecificclient. Suchrelease
are excludedrom the resultspresentedbelow. However
unlessproviding some temporaryfacility later to be
removed the enhancementificludedin suchreleasesre
sooneor laterintegratednto the main streamto maintair
smooth,uniform evolutionover all installedsystemsand
simplify overall FW configuration managemen
Moreover,thesereleaseabsorbprojectresourcesand,
thereforejmpact other concurrentactivities. Thus they
need, ultimately, to be included in the analysis.

4.2 System growth

With the costof storagedecliningat all levels, systen
sizeis, in itself, not of major concernlt may, therefore
beseerasa independerandcompositanonitor of systen
evolution which, within limits, is neither plannednor
managedt is determinedy otherfactors.Someof these
will be managedothers"just happen"Size determinant
includesystemdesign,programmeistyle and experience
developmentimetablesand constraintsjntensity of the
desireto achievecompactnes®r clarity’. The grea
majority of reportedsoftwaremetricswork hastendedo
uselocs (linesof code)asthe measur®f systemsize.As
in the caseof the original 0S/360study [leh80b,85]the
FW analysigeportecherehasusedmodulecountfor that
purposeln theabsenc®f a bettermeasuremodulecount
alsoservessan initial estimatorf systemfunctionality
andpower. The 1970s studydid, in fact, comparethe
resultsof loc andmodulebasedstudies.It wasshownthat
thesewere essentiallysimilar but with the locs measur
providing a lessconsistentpicture of the evolutionary
behaviourof the systemthandid the modulecount. Locs
are, therefore,considerednferior as a measure.The
superiority of module count was explainedby the
observatiorthat, howevemmodulesaredefined,they have
within a givendomain,somedegre®f functionalintegrity
whereadocs have none[leh85]. The numberof modules
in a specificsystemis alsonot, in generaldependenbn
individual programmetpractice.Module numbersmay,
therefore,be expectedo provide a more consisten
measureof systemsize and hencea better, thougt
admittedly coarse, indicator of system functionality.

The function point (FP) [alb79] measuremay be
considerednalternativemeasurdor systemfunctionality
or power. Theirusedoes,however raisesomequestions
For example,how arbitraryare the interpretationof the
definitions or the factor ratings achievedand, as a
consequencéow consistentarethe resultsobtainedby
different raters?Moreover, the establishmentof the
measurgequirejudgmentbasedon subjectivemeasure
and the overall determinationis labour intensive and
difficult to automatgkem93]. Thereis alsolittle, if any,

® Or even, whereproductivityis measuredn locs and the concernis
with productivityimprovement.



experiencén applicationof themeasuréo largersystems.

Finally, it must be observedhat, unlike modulecount,
FP datais not widely availablefrom dataarchivesof
softwaresystemsacrossthe industry.They are certainly
not availablefrom the systemsheing offeredfor study by
the FEAST/1 collaborators Module countis, therefore,
being usedas a size measureand, by implication, as a
systempowerestimatorjn the FEAST investigation.To
date,andasillustratedby the resultspresentedbelow, this
decision appears to be justified.

The growth in modulesof FW over releasessn, to
rsn,,, thatis released4.0 to 7.0B is shownin figure 3.
The overallgrowth patternshouldbe comparedvith that
of OS/3600verits first 20 or so releasessillustratedin
figure 1.

Theabscissaf figure3 representtheindividualrelease
sequenc@umbersas explainedabove.The figure clearly
showsthe upwardtrendof systemgrowth. The trendis,
therefore,consistentwith the first and sixth laws of
softwareevolutionbut doesnot distinguishbetweerthem.
Moreover, it also shows a ripple effect strongly
reminiscenpf thatof OS/360asin figurel. It was,of
course,this ripple phenomenorhatfirst suggestedhat
the softwareprocessvas stabilisecby feedbackcontrol,as
capturedn thethird andeightlaws. Thusthis initial result
of the presentstudy is certainlycompatiblewith the
conclusionsand, in particular,the laws of software
evolution, first reachedn thestudyof OS/360morethan
twenty years ago.
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Fig. 3 FW growth trend by rsn

4.3 Incremental growth

Figures4 and 5 show the incrementalgrowth per
releasenf OS/360andFW respectivelyover the releases
rsn, to rsn,, for eachsystem.Thehorizontalline indicates
theaveraggrowthperreleas@verthis range For FW the
plot includesall the datain tablel1. For OS/360thefinal
five releasedor which datais availableareomittedfrom
the plot sincetheyreflectthe transition(in growthtrend
terms) from OS/370 to VS1 and VS2.

The two plots display remarkablysimilar cyclic
characteristichough, asone shouldexpect,theydiffer in
detail. Theyalsoresemblestatisticalprocesontrolcharts
[dav84].l1t was,in part, the observatiorof this cyclic
patternandits symmetryaroundthe averagevith respec
to OS/360that originally ledto formulationof the third
andfifth laws. Thelong termtrendof the moving averag:
of the incrementalgrowth of E-type systemsas they
evolvewill, in generalbedifficult to determindecausef
the small numberof datapoints generallyavailable.lt
might be the casethat this averagealeclineshecausef
increasingcomplexity. Alternatively, it might grow asa
consequenoaf improving processechnology.lt mayalsc
be that these(andother?)contrarypressuregompensal
for eachotherover time so that the original assertiorof
invarianceremainsvalid. It is, in fact, not certainthat all
systemor domainsehaven the sameway. Thefifth law
as statedin table 1 will haveto be re-examinedThe
analysisoutlinedbelow will provideadditionainsight for
FW andwill identify the growth trendmodelwhich, for
that system at least, is to be preferred.
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As pointedout previously[leh74,78],the cyclic effect
reflectedby the peaks andtroughs in the incremental
growth plots may be indicatingthe presencef feedback
drivenandcontrolledgrowth. Thus, influencegendingto
increasesystemfunctionality,thatis growthtowardsthe
peaks,may have their sourcein positive feedbackThe
declinesmay reflectsize stabilisationandother negative
feedbacleffects. An exampleof suchfeedbackis the
evolutionarypressurehat ariseswhen clientsandusers
express needfor enhancements existing capabilityor
systemextensionBut asimplementatiorof suchchanges
proceedsthe size andcomplexity of the systemincreases
leadingto declining comprehendabilityincreasingerror
rates,increasingresistancéo changeor the impact of
budgetarngonstraints Thesdeadto a decreasef resources
availablefor, for example,growth as theresourcedemand
for fault fixing andcomplexityreductionincreasefieh85].
If sufficientlymature[hum95],the proceswvill bedirected
in its evolutionandgrowthpatterngy datareflectingsuch
needsThatis, the dataor its derivativeswill be usedto
adjustprocessbjectivegimmediate and/diong term)and
procesgarameterdt will beusedto drive, constrainand
in generalmanagehe processPositivefeedbaclkdrives
growth while negative influencesforce a period of
consolidatior(correctiorandrestructuring)An exampleof
the consequenceax excessivepositive feedbacknay be
providedby the final 7 releasestsn,,to rsn, of OS/360
(figure 1). A hypothesisthat explainsthe system's
apparenthunstablebehaviouoverthesereleasess thatit
wasa consequencef excessivegrowth, in responseo
market demand, in going from kgmo rsn,,.

This briefanalysissuggestshat the FW datasupports,
in part at least,the third and fifth laws of software
evolution as originally inferred from OS/360 study.
Analysisof thelong termgrowthtrendof FW in thenext
subsectiorsuggestshoweverthatthewording of lawsllI
and V as in table 1, must be modified.

4.4 The lnverse Square model (1S)

This sectionpresentdwo modelsof FW growth. The
first of these,illustratedin figure 6, is obtainedfrom the
dataset of table2 usinga leastsquaredinear (LSL) fit.
The modelsfocuson the generatrendandlargelyignore
the ripple. Detailedanalysisof the latteris beyondthe
scope of this paper.

After investigatingotherpossibilitiesTurski developed
an alternative jnversesquaremodel (I1S) representetly
thenonlineadiscrete-timedynamicakecursion(1) [tur96].
In this models, is theactualvalueof rsn, ‘s is its fitted
or predictecsize,"n" is thetotal numberof releasesn the
data set an#t is a model parameter.

'S =8 , (1a)
'S ="s, +El's,)?2 {i=2,...,n} (1b)

The parametelE is the averageof individual E,
calculated from either (2) or (3).

E=(5-5054% {i=2,..n} (2
E=G-s)E-tMs)2)  {i=2..n @
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Fig. 6 Least squares linear fit to FW over
rsn, to rsn,,

Algorithm (2) usesonly the two most recentdate
points in computingE;. With (3) all datato rsn are
consideredn eithercasethe averagef theresultantsetof
E, givesanestimatedraluefor E. A third approackfLSIS)
computes€ from the entiretyof datausing aleastsquare
criterion and is illustrated in figure 7.
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Fig. 7 Least squares inverse square fit to
FW over rsn; to rsn,,

The conceptualmplications guiding the selectionof
oneof thethreealternativealgorithmsfor computingk are
subtle and are not discussedurther here. They vyield
slightly differentvaluesfor E but, in the contextof this
study, they do not producesignificantly different
behaviourapatternsNor do they changehe conclusion:
to be drawn.Finally, the observanteademwill notice
apparenbutliersrsn,, and rsn,;. No commenicanbe made
at this time about the significanceof theseor their
possible implication.



For the trendmodelsestimatedrom the full setof 21
datapoints, statisticalmeasuresf the closenessf fit of
the LSL and IS models do not differ significantly.
Comparativeassessmeis, thereforedifficult on basisof
currently availablelata.This may be dueto the factthat
the dampingin the IS trendis not strong. Moreover,
neithermodel addressethe ripple. The deviationsfrom
smoothgrowth that the latterrepresentgould, of course
simply be noise, the compoundedmpact of many,
continuing,localised,often shortterm managemenand
implementatiordecisionsn which casdt wouldnot affect
theassessmenf he FEAST hypothesissuggestethat, in
partat least, theripple is anindicatorof the presencef
feedback-controllethechanismghat regulatethe long
term growth trend. The ongoing white box modelling
activity in FEAST/1representafirst stepin theattempts
to resolvethis issue,to permitrefinemenbf the models
anda morepreciseassessmeimif the degre¢o whichthey,
their derivativesor differentmodelsreflectthe reality of
theprocessestudiedandthe degre¢o whichtheymaybe
generalised.

Including the ripple will assist in comparative
assessmenidf the model. It has,however,beenpointed
out already[tur96] that the phenomenologyf the
situation suggestsseveralreasonsfor preferringthe IS
model:

* The IS inversesquarepropertycan be interpretedas
reflectingthe complexitygrowthof a softwaresystem
over a sequencef releasesSuch growth is due,in
part,to increase$n thecomplexityof theapplication,
for exampleas featuresnot includedin the original
system definition, and often orthogonalto it, are
addedMoreover the procesof evolution addschange
upon changeupon changewith, in generallittle
attention paid to the resultantcomplexity growth
[leh85]. It is this phenomenorthat is capturedby the
second law (table 1).

* As aoneparametemodellS is also compatiblewith
the fourth law of softwareevolution, with the
parameteE reflectingthe constanteffort thatthe law
identifies [leh78].

« IS also satisfies the Principle of Parsimony [cox66].

« No systemcangrowforever.The lineargrowthmodel
is thus incompatible with reasonand common
experience.

4.5 Further consideration of thelnverse Square
model

The list of reasondor favouringlS over the LSL
includeghe observatiorihatthe singleparametek of the
formermay beinterpreteds a constanteffort parameteas
predictedby the fourth law. Estimationof E from the
availabledatastrengthenghat argumentSuchestimation
producesavaluethat, asshownbelow, remaingelatively
constanias FW evolves.Thatis, the single parameteof
themodelmaybeinterpretedasthe constaneffort or work

outputidentifiedin thefourthlaw as beingrequiredo take
the systemfrom onereleasdo the next. The principal
guestionsraised by this interpretation,questionsnot
satisfactorilyansweredelateto theinterpretationof E and
the unitsin which it is measuredDoesE relateto the
input effort requiredo achievereleaseby releasesysten
evolutionor to the output achievedrom the proces:
measurethy somemeasuref increasen systemquality
andpower?To answerthe first questionrequiresfurther
investigationand additionaldata.As to units, s, is a
dimensionlessount. Hence E is dimensionlessBut
despitetheseunsolvedquestionst is concludedhat, on
the basisof currently availabledata,the aboveremarks
togetherprovidesomejustification for preferringthe 1S
model. It appears to reflect reality more closely.

The full implicationsof one furtherindicator of the
superiorityof IS overLSL must now be consideredWhen
modelling largedatasets, the first partis often usedto
estimatemodelparameterandthe secondo then evaluats
its "predictive"capability[ger93].With the small size of
the datasetavailablefrom FW, this might not appeato
be a fruitful pathto follow. Turski[tur96] did, however
investigatethis question,asking: "How many points
beginningwith rsn, haveto be considereih orderto get
an appropriatelyow errorof fit, an acceptablgredictive
capability?"In terms of the FEAST hypothesisthis
guestionis equivalentto asking:How fast is the FW
dynamicsestablishedAn answerfor FW is suggestedy
the plot of figure 8.

Figure8 plots a setof meanabsoluteerrorof fit values
(mae {j =2, ..., 21}, wherej indicatesthe numberof
pointsfrom rsn, usedto computeE, seeAppendix).The
valuesof mag, and mae, are relativelylarge. As j is
increasednae convergesapidly andreaches relatively
steadwalueby j equal6 (parameteE computedrom the
first six releasesnly). Thereaftemae{j =6, ...,21} hasa
meanof 74.6 with a standardleviationof 2.8. The mag
valueis only 4.7%of thesystemsizeat rsr, 3.2%0f its
sizeatrsnand2.8%of its sizeatrsn,,. This behaviouis
counter-intuitivein severalways.Possibleinterpretation
andimplicationsaresummarisedbelow. Overall,it does
however,appearto indicatethe strengthof the systen
dynamics.This phenomenorsupportsthe observatiol
madeby oneof theauthoramanyyearsagowith regardso
0S/360 evolution that "Rather than the manager
managingthe (evolving software)system,the systen
manageshe managers.Tt must, of coursepe understoo
thatthereferencdereis to long termevolution,not to the
specificsof individual decisionspften localisedin time,
system space and implementation space.

» Figure8 basedn thelS modelsuggestghatthe FW
growth trend is establishedver somesix of the
releaseincludedn the study.In accordancewith the
FEAST hypothesis,it is assumedhatthe dynamict
arisesfrom the characteristicef the software,the
organisationgleveloping,marketingand using the
software the communicationbetweenthemandthe



controlsthat are exercisedln any event figure 8
supportsthe hypothesisthat the E-type systems
evolution process develops strong dynamics.

e The mae for IS of 74.6 moduleswith standard
deviationof 2.8 overthestableranges very closeto
the calculatedaveragencrementalgrowth of about
86.1 modulesover all datapoints (fig. 5). This raises
the gquestionwhetherthere is some relationship
betweenthe varianceof the ripple (which is a
significantsourceof error for the trendfit) andthe
meanincrementalgrowth. Establishinga correlation
would leadto a conceptof safegrowth rate limits.
Establishingeither would providestrong conceptual
supportfor the incrementabr evolutionaryrelease
strategy[gil88]. The entire questionremainsto be

investigated.
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Fig. 8 Mean absolute error of fit to FW over
all releases as function of number of
points used to estimate IS model
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Fig. 9 Mean absolute error of fit to FW over
all releases as function of number of
points used to estimate LSL model
(squares) superimposed on that of
IS model (circles)

< Notethatthe maeof LSL overthe stableranges, at
86 modules,evencloserto the averageéncrements
growth of 86.1 modulesthan is that of IS. The
implicationsof this, for exampleon the evaluatiorof
the relative value of the two modelsrequiresmore
investigation.

e The IS plot in Figs. 8 and9 stabilisesmuch more
rapidlythandoesthe LSL plot. Moreover,if 1S and
LSL areestimatedy usingonly rsn, andrsn,, the
former outperformsthe latter by an order of
maghnitude.Thus while there are still unanswere
guestionsfigures8 and9 appeato supportthe earliet
conclusionthat IS is to be preferrecbver LSL. That
they provide further support for the FEAST
hypothesisandthe laws of softwareevolution does
not require further emphasis

The results presentedabove are basedon the

examinatiorof the FW system,investigationof OS/36(
not having yet beenreopenedContinuedinvestigationof
these and other systems is clearly required.

4.6 Impact of the study on the laws of software
evolution

Morework is clearlyrequiredor firm conclusiongo be
reachedn regard4o the many issuesraisedabove.lt is
neverthelessonsideredppropriateo indicatein table 3
the extentto whichtheinvestigatordeelencouragetb see
the presentresultsas being compatiblewith, or ever
supportingthe lawsof softwareevolution.The weightof
evidencesuggestghat, despitethe 20 yeargap andthe
significantdifferencebetweeriBM andLogicasystemsand
their developmenandoperationakenvironmentsthereare
strong similarities in the phenomenologyf their
evolutionarygrowth. It is believedthat the resultsof the
studiego datewill, with somemodification,extendo E-
type systemsn general.The FEAST/1 projectwill, it is
hopedreceivesufficientdatafrom the evolution processe
of avariety of systemdgo establishconfidencen a set of
conclusiongthat arevalid in some stateddomainor, of
course, to demonstrate that they cannot be generalise

5 Final remarks

The resultsachievedso far by applyingthis methodin
the FEAST/1projectareencouragingAdditional dataon a
wide spectrumof softwaresystemsto be receivedrom
various industrial collaboratorsshould, if consistent
permitgeneralisatiof both the conclusiongeache@nd
themeasuremerdndanalysistechniqueseingemployed
The presenpaperdescribeghe blackbox approachhat
hasrevealedaspectof FW evolutionandof its evolution
dynamicshasprovidedmaterialfor interpretatiorandfor
the formulation of explanatoryhypothesesA white box
modellingapproachis simultaneouslyseekingto mode!
the structureof otherindustrialsoftwareprocesseandto
simulatetheir behaviourincluding their feedbackcontrol



loops. Theseinvestigationsare being further backedup

through the developmenbf a multi-agentmodel. It is

hopedthat this work will confirm, perhapsmodified

versionsof, the laws of softwareevolution [leh96d]that

now includethe FEAST hypothesisand, put them on

firmer foundationsIf successfubverarangeof systems,
theinvestigationwill provideabasefor a plausibletheory
of software process and software evolution. The

alternative,that the results of the investigation
demonstrat¢hat the laws andthe hypothesisarenot of

generalrelevancehough satisfiedfor particularinstances
of E-type systemsandtheir evolutionprocessesannot.at

this stage, be dismissed.

The FEAST/1 study hasalreadymadevisible progress
in illustrating how measuremerdonceptscanbe applied
to the study of softwareevolution. It has successfully
extendedhe 1970s techniquedy applying more rigour
[law82] to masteryof the observedohenomenaThe
specificresultsderivedare of considerablinterest,bothin
themselvesandfrom a wider perspectiveThe long term
significanceof this paperis, howevermorelikely to bein
the approachandtechniquest presentsBeingable to

detectmeasurendcontrol feedbaclphenomenandtheir
impactis believedo bekeyto majoradvancesn software
process management and execution.

In view of the factthatthis papemwill be presentedt
the Metrics'97 symposiumit is appropriatéo commen
on its focus on the FEAST hypothesis,the relatec
FEAST/1 projectandthe absencef referenceto othel
relevant metrics work [fen96,ieee94 kit82,96,vot9!
FEAST/1 is believedto exemplifyan original metrics
basedapproacho the study of the softwareprocessand
softwareevolution. This approachhas beenconsistentl
followedfrom the first primitive study of OS/360in the
late sixties and seventies[leh69,85]to the curren
investigation.The study was triggeredby a genera
observation;the universal and persistentproblem:
accompanyingoftwaredevelopmenandmaintenancde.
softwaresvolution. Following recognitionof the problern
as appropriatdor researchinvestigation[leh69,85]and
receiptof appropriatedata,first from OS/360and more
recently from Logica FW [leh96d], patterns and
regularitiesin theirevolutionwererevealecandmodelled
Interpretatiorof themodelsled,in turn, to the generatiol

No. Brief Name Support Indicator

| |Continuing Change v Fig. 3 clearlyindicatescontinuing growth. Logica'sconfirmationthat
this is partly due to adaptationand change supportsthe law.
Quantification will be of interest.

Il |Increasing Complexity v Theinversesquardaw of growth(eq.1) andits predictivepower(fig. 7)
supports complexity as a constraining factor.

Il |Self Regulation ? Theripple (fig. 3) of the, otherwise smoothgrowth (eq.1) suggests
regulationarounda smooth trend. Identificationof the underlying
mechanisms is required to support the law as it stands.

IV |Conservation of v The ability to obtaina closefit andvery goodpredictivepowerwith &
Organisational Stability singleandconstanparameteE (eq.1) providessupport.Measuref the
(invariant work rate) work rate are required.

V |Conservation of Familiarity 7 Fig. 5 still suggestshat the averagéncrementafjrowth has a definite
trend.lIts invarianceasin the original formulationis now, however
guestionedDeterminatiorof the trendandthe consequences a releas
whoseincrementafjrowth exceedshe averagesignificantly must await
the further behaviour of the system in its evolution.

VI |Continuing Growth v Fig. 3 clearlyindicatescontinuing growth. Logica'sconfirmationthat
this is partly dueto functionalgrowth supportsthe law. Quantificatior
will be of interest.

VIl |Declining Quality ? No data that provides evidence for or against is available.

VIII |[Feedback System v Regulationasin figs. 3, 5, 7,8 andinversesquardaw, (eq. 1) are
supportive Feedbaclkcontrol mechanismsnust be identifiedto obtain
further support.

Table 3 The laws of software evolution in the light of the preliminary FW analysis’

"It is hoped to obtain more data that will provide evidence, one way or the other.



of hypothesegeg.thelawsandFEAST)to interpretthem.
Thesesuccessivetepdedto aniterativeinvestigatiornthat
is now yielding furtherdata(historicaland/orobtainedby

experimentatiomnd measurementp support,refuteor

modify and thento extendandgeneralisehe emerging
theoreticalbaseand framework.Such resultsmust, of

course becontinuallyvalidatedor adjustedoy observation
of andexperimentatiornin actualindustrialprocessesrhus
the more generalrelevanceof the paperto the metrics
communityis in its approactwhich may be compared
with those more widely adopted.

Apart from any theoreticaladvancehatthis studywill
provide,it should,if successfulleadto the development
of methodsandtools for processmanagementelease
planningand processmprovement.This will shapethe
directionof softwaremetrics, softwareprocessnodelling
and processmprovementin the yearsto come. If the
extentto which feedbaclphenomenin E-type evolution
processeshapesand constrainsthe softwareprocess
significantly, masteryandcommandof that phenomena
will openup importantnew prospectsMoreover,the
softwareprocesss a speciakcaseof businesgprocessesn
generalleh97]. Theapproachappliedandthe conclusions
reacheashouldfind muchwiderapplicationlt is believed
that FEAST/1 is a study which, if successfulwill
eventuallyleadto a theoryandto a technologywhich
togethercantrigger major advance# the softwareand
other business processes and their improvement.
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Appendix

This appendixindicateshow the valuesof the mear
averagerrorof fit (mag, asin sectiord.5 figures8 and9,
have beerromputedIt alsorecordshe equationsisedto
computethe leastsquaredinear (LSL) andinversesquare
(IS) models.

As explainedn sectiord.5, for eachof themodelsLSL
andlS, asetof mae values{j=2,...,21} wascomputedto
determinghe effecton the error of fit of the numberof
pointsusedin the estimation.The averagerroroverthe
entiredataset for eachsuchnumberof pointswas then
takenasa measuref the goodnes®f fit for that model
Each set oinag was calculated from the expression:

mae = @)z s —"sk’j| (A1)

wherethroughout the appendix

n (= 21 for the FW set)is the numberof datapoints

used in calculatinghae

j { = 2,...,21} representshe numberof datapoints

being usedto estimatethe LSL and IS models

respectively;

s, is theactualsystemsizefor thereleasavith sequenc

number rsp (table 2);

’sj representshe fitted systemsize for rsn, with

sub-index indicating that the correspondingnode

(eitherLSL or IS) hasbeencomputedusing the first j

points of the data set only.

Similarly, s, is usedbelow to representhe fitted
systemsizebasedn LSL whoseparameterhavenot, or
IS whoseparametehasnot, necessarilypeenadjustedo
minimise the error of fit in some sense.



Computation of s, ;
Least Squares Linear Model. In this case’s; is
expressed as follows:
’s;=ak+h {k=1,..n} (A2)
The parameterg andb, arecomputedor eachvalueof

j using a leastsquaredinear regressionas provided by
most statistical packagesind spreadsheetty minimise

2=t (& -78) 2

Inverse Square M odel. For this model,eachvalue of
s j is computed recursively from fur96]:
Rt (A.3a)
S =" %1, tE0s )2 {k=2,....,n} (A3Db)
where

E =(U(-1)%.J E i=2..n} (A4)

E in expressionA.4 will have beercomputeckither
from expressior2 or 3 (section4.4). E may also be
computedusing theleastsquareriterionandis thenthe
valueof E which minimisesthe errorof fit, d, overthe
first j points, expressed as:

min(d) = ming(Z, _yj (S -"S) 2) (A.5)
wheremin(-) indicatesghe minimum value of () overthe
entirerangeof the parameteE. Expressiorl (sectiord.4)
shows how's,_may be computed.

For the FW datachoosingone or other of these
approachebasonly minimally effecton the results.The
choicehas no significantimpact on the interpretatiorof
these results or on the conclusions reached.

Figures?7, 8 and9 (IS plot) in section4.5 arebasedn
expressionA.5. This has been implementedunde!
MATLAB [mat92] and is availableon the Web at
http://www-dse.doc.ic.ac.uk/~mml/feastl/.
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