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Abstract

The process by which real worlgitype, software islevelope@dnd evolved to remain satisfactory irclaanging
operational domain has, over the years, prowestdifficultto improve. It is suggestethat this may belue to

the very nature of the global process, which is a complex, multi-variable, multi-loop, multifesadidack
controlledsystem involving humans. This observation was fiesbrded inthe early 70sduring anextended
study of the evolution of OS/360; a study that ultimatedito Lehman's laws of softwageolution. Following

the realisation thathis observation is relevant tthe current interest in software process improvement, it has
been formalised in & EAST hypothesis. If the hypothesipresents a widesprealdenomenonimportant
research issues are raised. Their resolution could lead to significant technological advances.

An on-going project, FEAST/1hased orthe observation is briefigescribedPreliminary conclusions from an,
as yet incomplete, study of the Logica plc Fastwire (FW) financial transaction system are aunticedpared
with thosereachedluring the earlie©S/360 study. The new analysis supports or, béttemot contradict, the
laws of software evolution as originallformulated orthe morerecentFEAST hypothesisstrengthening
confidence intheir validity. Analysis of thelata provides, for example, indicatidhat after somesix releases
the FW growthtrend is largelydetermined bythe dynamics ofthe process. More generally, the results so far
obtained suggeghat the 1970approach to metric analysis of softwax@lution is stillrelevantin the 1990s.

It is hopedhat thetwo-yearFEAST/1 study willprovide a solid theoretical and methodological foundation for
mastering thdeedbaclkaspects of the software evolution process. Continued multi-disciplinary studies and, for
example, development déedback based softwaprocess modelling, should open up new pathsnfajor
software process improvement.
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1 Introduction
A 1968 study of the IBMsoftware process [leh69,85] leidter alia, to a metric based study of OS/360
evolution [bel72,leh74,80b,85]. Analysis @dita relatingiltimately to some 26 of itseleases ansub-releases,
identified andordered bytheir release sequenceimberrsn [cox66], yielded aset of models oits evolutionary
trends. An example of the output of the study is provided by figure 1.

8000 - Size in Modules
] 0S/360 .
7000 - Growth Trend o
6000 | o
1 °
5000 .
7 [ )
] O
4000; e o .
3000 | . ¢
1 O
2000 ceo®
1000 ***®
¢+ RSN
0 5 10 15 20 25

Figure 1 OS/360 growth trend by rsn

L All references in this paper to the IBM OS/360 system, refer to both that system and its successor OS/370
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Up to releasersp OS/360 growth as in figure 1 may beerpreted as steadyrowth with asuperimposed
ripple. This pattern is reminiscent tfacesgenerated byself-regulating and self-stabilisimgystems with both
positive and negativieedbackbel72, Ieh78]. The behaviotinereaftemay beinterpreted as aign of instability
induced by excessiveositive feedback; excessive, rapgghd ambitious functional evolution which led to a
fission process; the transition from OS/360 to W&BMVS2. Alternatively it may benterpreted as chaos-like
behaviour. Either interpretation suggests that further prediction based on earlier behaviour is uncertain.

It was these observations that fisstggestethat thesoftware processiust be seeand treated as feedback
driven and constrainezystem [leh74,78]. Subsequently, examinatiodath onsome non-IBM systemsgielded
many of theearlier observations [leh80b]. Tieedbackheme was alsapplied by Abdel-HamidndMadnick
[abd91] in their pioneering work on the usesgtem dynamiés modelling aspects of the software process.

The 1970s studyroduced aseries of models of OS/360 evolution@asemplified by figure 1. Thegevealed
regularity unexpectetbr a process implementeduided and controlled byiumans. The behaviowould,
however, be explained iterms of human and organisational behavioural patterns. It was theceaftitged in a
series of statements abstracting theserved behaviodout lying outside the realm adoftware technologgs
normally understood From the point of view of that technology, thewst, therefore, be acceptedas a
regulating and constraining force. To overcdhremrequiresexpertise in organisational dynamics, management,
sociology and other areasmt justsoftware engineeringlhus they wersubsequentlyeferredto asaws of
software evolution [leh74,78,80,85]. Thaws, agproposedhen [leh74] and subsequendynendedlen78,80],
are summarised in Table 1. The date in columindicatesthe year when each was first publish&tiese
conclusions could, however, tanly be appliedonly to thelBM/operatingsystem and processchnology
domains to which thelata related. Generalisatiolepended orobtaining confirmingevidencefrom other
domainsWiderconfirmation would provide a theoretical and practical base and framewahleferolution of-
type computerapplications and softwargystems, thats, softwaresolving a problem oraddressing an
application in the real world [leh80b].

No. Brief Name Law

| |Continuing Change E-type systems must be continually adapted else they become
1974 progressively less satisfactory.

Il |Increasing Complexity As anE-type system evolves its complexity increases unless work |s
1974 done to maintain or reduce it.

Il |Self Regulation E-type system evolution process is self regulating with distribution |of
1974 product and process measures close to normal.

IV |Conservation of Average effective global activity rate in an evolviggype system is
1980 |Organisational Stability invariant over product lifetime.

(invariant work rate)
V |Conservation of Familiarity |During active life of an evolving-type system, average content of

1980 successive releases is invariant.

VI |Continuing Growth Functional content dE-type systems must be continually increased fo
1980 maintain user satisfaction over their lifetime.

VIl |Declining Quality E-type systems will be perceived as of declining quality unless
1996 rigorously maintained and adapted to changing operational

environment.

VIl |Feedback System (recogniseE-type evolution processes constitute multi-level, multi-loop, multi
1996 (1974, formulated 1996) agent feedback systems and must be treated as such to achieve
significant improvement over any reasonable base.

Table 1 Laws of software evolution

2 Process Improvement

In recentyears many businesses, and the software industry in particuladekielgped sstrong interest in and
commitment todisciplined procesenprovement. More and more business processes are, howependent on
softwaregeneratedhformation. They are driven and controlled by computers and software, probably indding
type legacysystemsthat may have beeoperational for many years. Now specification and desigsuch
systemsrequireassumptions about thetendedapplication andts operational domain. These, tarn, will be
reflected inthe software. Subsequently, installation and operation ofythEem together with exogenatiange

will invalidate some of thembeddedssumptions [leh89]. The systenust, therefore, be continuallypdated to
maintain their validity and adapt tchanged circumstances. Business and software process improvement are
strongly linked and interdependent [leh97].

> System dynamics modelling originated in the seminal work of Forrastiiis colleagues at M.l.Tfor61,70]. More
recently it has been applied to the study of aspects of the software process, eg. [abd91,wae94,mad96]
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The present paper focuses on the latter. The factis thaofiweare industry has been seeking improvement of
the softwarelevelopment and maintenance process for many years [wil51,lek&@&lemicand industriakffort

has yielded incrementalmprovement, through thmtroduction of new languages, formalisatiomproved
methodsmechanisedupport (CASE), new programmipgradigms and son. Nevertheless, the industriehck
recordraises thequestionwhy, despite so manwadvancesthe globalsoftware development proceksm
conception touse is still so oftemarred,why satisfactory functionalityperformancend quality is only
achieveaver a lengthy evolutionary process, why software maintenance neverug#dsesystem iscrapped,
why software isstill generallyregarded ashe weakestink in the development of computer-based systems
[leh94,96].

Explanations for individual failures can always be fouFhis paper summarises a m@eneral approach arising
from recognising thatlevelopment and evolution processesEaype systems are intrinsicallgedbaclsystems
[leh94]. The remainder of the paper reports preliminary results from an investigation of this hypothesis.

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

Some years ago, the realisation tfestdback inthe software process could explain the difficulé@sounteredin
achieving its global improvement, led to the formulation of a FEAST hypothesis [fea94,leh94]:

As complexeedbaclsystems, E-typsoftware processevolve strongystemdynamicsandwith it the global
stability characteristics ofother suchsystems Consequent stabilisation effecse likely to constrain efforts at
process improvement

More recently the hypothesis was restated in the following terms [leh96c]:

As for other complexeedbaclsystems, thelynamics of theeal world software development and evolution
processes will posses a degree of autonomy and global stability.

Both versions of the hypothesis include a number of assertions [leh96a] but these are not further discussed here.

The hypothesis anits implicationswere examined over a periodtaghe by a FEASTcore group consisting of
Profs. M. M. Lehman, V. Stenningnd W. M. Turski an®r. D. E. Perry. Theideliberations [leh96b] led to
three workshops held at Imperial College during 1994/5 [fea94,95]. The objettived expose the ideas to a
wider group of peoplénterested inthe software process, to sedélike objective criticism of experts and, in
general, to explore the hypothesis and its implications.

The EPSRC proposal thatesulted from these discussions was entRIEAST/1 [leh96c], the "/1" in the title
indicating thatthis two year, 3person project was to be seen as a first step in a longer anavidespread
investigation. The proposal waapproved in MarchHl996 and theresultant projeccommencedormal
investigations in October 1996 in collaboratieith ICL plc, Logica plc,Matra-BAeDynamics plc and two
groups within the UK Ministry of Defence. The stated objectives [leh96c] were as follows:

 provide objective evidendbat feedbaclphenomena antthe consequergystemdynamics have substantial
impact in the software process

» demonstrate that the phenomena can be exploited in both managing and improving industrial processes

 produce justification for a wider and more substantial study based on the feedback perspective

The two year investigatiowill seek toidentify andcharacteris¢he feedbacknechanisms active in th@ocess,
their impact on processharacteristicend methods for applying thenderstanding gained timprove the
respective processes. It expects to demongtatetherwisehe feedbackbehaviour of some widelgifferent
systems. Three approaches are being employed:

» a black boxapproachwill looks at quantitative data from a number of industrial software processes to
identify patterns inthe evolution of theaespectivesystems. Thalatawill be analysed in a search for
footprints of dynamical behaviour and feedback control.

» A white boxapproactaims at the constructioand enactment of systedynamics models oindividual
processes. These will reflect feedback mechanisms, their properties and their impact on the global process.

« A third approachnotincluded inthe original proposal anaot formally part of FEAST/1, is exploring the
use of multi-agent systems [mca95] to model the selected processes and to evaluate proposed improvements.

Full investigation of the hypothesis and, if upheld, of meanst$oexploitation, is nostraightforward. As
previouslydiscussedleh96b], difficulties arises from several factors. The processes being investigated are likely
to includetens, if nothundreds, of forwargaths andeedbackoops. A simulatiorapproach such dke systems
dynamics technigueeferred to insection 1is, thereforemore appropriatéool for the investigation than the
analyticaltools of control theoryMoreover, the processing and control mechanesaeciatedith these loops
involve people, individually and in groups as managers or implemeAbrebserve, interpretcommunicate,
decideand act or refrain from acting dhe basis of their overall perception, their instructions and, consciously or
otherwise, their inclinationgxperienceand biases. Much of thgedbaclcontrol is unplanned oeven

® (UK) Engineering andhysical Science&ResearchCouncil
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unconsciousSome, at least, of théeedbackmechanisms are, therefore, stochastic aad-deterministic.
Furthermore the system beinwpdelled includeslements that contain implicit models of themselves. This is of
course mathematically intractalesing afundamentaliltimate obstacle to the investigation [god&h85].
Note also that convincing support for the hypothesigiresthat the analysis anitk associategredictive
models, mushecessarily be quantitative. The numbedafapoints available for each of the classesdata is,
however, likely to be relativelymall. Statistical analysend the determination of significarise therefore, not
straightforward.Work in the application of control theory to economic modelling [bec94] and, more recently, in
the application of systems dynamics to aspects okdifievare procesgbd91,wae94,mad9sliggesthowever,
that progress is possible. Note also thaftware engineers and otherstire organisations in which amdth
which they work do not, imgeneral, have thenderstanding, knowledgskills or experienceequiredfor this
analysis as part of thelvackground.The long term studyequires, therefore, a collaborativextended,
multidisciplinary approach to achieve exploitable results.

The remainder ofthis paper focuses on the initial results of the first FEAST/1 black box study. Mtilth
remains to be done and theost significant contribution of the present project may well be to aroidse
international interest and so trigger the necessary collaborative investigations.

4 A First Case Study: the Logica FW system

4.1 FW data

After extensive discussion with tleellaborators and others, selection criteria eamtlidatesystems haveeen
identified. Thepreferencavas for medium to large systems, hewverdefined. ltwas alsaonsiderediesirable to
concentrate osystems thatvere being used in a number of locationdtst theeffect ofusersfeedbackvhich,

it is believed, is likely to have significant impact, could bedentified and assessddther criteriancluded the
availability of historicaldata onsystem evolution to permit initial black box analysisd&iectthe presence or
absence ofeedback-likebehaviour. Prioexperiencsuggests thatata onsome terreleasesis necessary for the
identification of behaviour patterntough preliminarydata on asystem in only its sixthreleasehasalso
yieldedinteresting information. For the white box studies seeking to model infaoedss structure and to
identify activefeedbaclkcontrols and their impact, ongoing projects wamesidere@ssential. Projects having, in
addition, a sufficientlyong history toprovide meaningful blackox data would be particularlyseful sincehis
would provide opportunities fdinking characteristics inferrddom the black and whiteox studies. At the time
of writing collaborator products and processes satisfying these criteria havedeedified, information on
process structure and content is being gathered and metric data should be available shortly.

The first system evolutiodata to be made available tbe FEAST/1 project was on the Logica plastwire
(FW) financial transaction system. This 8 years old system is now installed on sommdregkites. Thelata
setreceivedcovers thanost recent 5 years afs evolution. Since thetihere have been several magleases and
many more sub-releases. Tdetaset ageceivedrom Logicarelated tosome 100releases (adefined bythem)
with each entry including three datams;releasdD, size in modulesind number of modules changBeélease
dates were also available forost of thedatapoints. Many of theseeleases were, however,tbe same size as
their predecessoClarification revealedhat thesaverefix releasethat were veryfrequentlyonly transmitted to
those (limited) number of customeadversehaffected by daultin an earlier release. A subset of tla¢a was
therefore selected. Amore familiarity with the system history has bedtainedhe criteria, andherefore the
subsetselected, have had to lbbanged to yieldhe set shown in shown in table 2. The analysis and plots
presentetielow may thereforediffer somewhat from thosicluded inearlier publications [tur96], [leh96a,97].
The trends and patterns they display have, howexa@rchanged significantlyDetails of the selection and
refinement criteria applied to the data have been documented in an internal report.

RSN Size in |Release I RSN Size in |Release Il
Modules Modules

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
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To protect their identity, the IDs of teleases listed in table 2 have beeplaced by a sequence of identifiers
that replacethose assigned by Logica. In addition, and as was done i@$li@60 study [leh80bLonsecutive
integers have been assignedhe releases comprisinthe evolutionsequenceto be analysdthese provide a
pseudo-timeneasurelesignatethe rsn(release sequennember) in the sense of C@nd Lewis [cox66]Basing
the analysis on thisieasure is appropriate becaosly at the instant aflease of ak-type softwaresystem are
its properties, asletermined bythe thenestablished softwatext, uniquely defined. By definition, aB-type
system operates in a domain always liable to change at a ratedlocatlevated byevelopment, installation and
operation of the system. Thus tbeftwaretoo, that is thecode and/orts documentationmnust berepeatedly
updatedandadaptetito remain a faithful model of the applicationits operationatlomain. Atthe time ofrelease
the text is, by edict, fully defined. At all other times it is likely to be in a state of flux [leh85].

The releases included in the analysis whose results are presented below may be categorised into three classes:

* Major mainstream releases. Theseistended to be adopted lilge majority of user organisations. They are
often required to achieve standardisation or for legal reasons.

» Minor mainstream releases. These provideor improvements or enhancements. Stbases ariecluded
in the analysipresentetdelow only where, iraddition to other criteria, &ast one module has beadded
or deleted with respect to its evolutionary predecessor.

* Error correction releases. These neithesidnor enhancéunctionality. These also have bdradluded in the
analysis if they involve system growth by, at least, one module.

A fourth releasgype, termedad-hoc is aimed, in the first instance, at the satisfaction ofeéfairements of a
specific client. Sucheleases arexcludedrom the resultgpresentetbelow. However, unless providirspme

temporary facility later to be removed, ttighancemeniacluded insuch releases are sooner or |atergrated

into the main stream to maintain smooth, uniform evolution ovensthlled systemandsimplify overall FW

configuration management. Moreover, these releases absorb pegeatcesnd, thereforeimpact other

concurrent activities. Thus they need, ultimately, to be included in the analysis.

A consequence of orderingleases bysn in thepresence othe various types otleases ishat a situation may
arise in which theordering adopted diffefsom the date orderingFor example, work on a nemainstream
version may have begmwoceeding concurrentlyith minorenhancement or bug-fixing of an older release. The
formermay beshipped to mainstream clients befdine latter isreadyfor delivery. For example, and as
illustrated in Figure 2release.0D precedes relea8e0A in real timeandmight, therefore, appear to be its
parent. The formewill, however, have inherited functionality and cdidst developedor andintegratednto

2.0E. Therefore, in the evolutionary sense release 2.0E is the predecessor of 3.0A and is given the lower rsn.

Release Size

3.0A
o 2ot
2.0D |

P> Release Date

Figure 2 Example of release ordering by date (not to scale)
4.2 System Growth

With the cost of storage decliningat levels, system sizs, in itself, not of majoconcern. Itmay, therefore,

be seen asiadependerdand compositenonitor of system evolution which, within limits, ieither planned nor
managed. It is determined ther factorsSome of these will benanaged, other§ust happen".Size
determinants includgystem desigrmprogrammestyle andexperience, development timetables and constraints,
intensity of thedesire to achieve compactnessctarity’. The great majority ofeported softwarenetricswork
hastended tauselocs (lines ofcode) athe measure of system size. As in the case of the oriQi860study
[leh80b,85] the FW analysigported herbas usednodulecount for that purpose. Inthe absence of &etter
measure, module count also serves as an initial estimator of system functamdiitgwer. The 970sstudy

did, in fact, compare the results of loc and modiaisedstudies. It was shown that thesere essentially similar
but with the locameasure providing a less consistent picture of the evolutionary behaviour of the #atem
didthe module count. Locs atbhereforeconsidereéhferior as a measure. The superiority of module count was
explained bythe observation thahowever modules adefinedthey have, within a given domain, somiegree

of functional integritywhereadocs have none [leh85]. The number of modules in a specific system isoalso

* As per the first law of software evolution as reproduced in table 1
® Or even, where productivity is measured in locs and the concern ipnaiductivityimprovement
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in generaldependent oindividual programmer practice. Module numberay, therefore, bexpected tgrovide
a more consistent measure of system size and hence a better, Humoigiedly coarse, indicator of system
functionality or power.

The function point(FP) [alb79]measure may beonsidered amlternative measure for system functionality or
power. Their use does, however, raise some questions. For examplarliwary are the interpretation of the
definitions orthe factor ratingsachievedand, as aconsequencéow consistent are the resutibtained by
different raters®loreover, the establishment of the measaggiregudgment based on subjective measures and
the overalldetermination is labour intensive and difficult to automate [kem93]. Theats little, if any,
experience in application adhe measure to largaystems. Finally, it must bebservedhat, unlikemodule
count, FPdata isnot widely available from data archives of softwasestems across the industry. They are
certainly notavailable from the systems beiafferedfor study by the FEAST/1 collaboratofdodule count is,
thereforebeing used as a size measure and, by implication, as a system power estimtte-BEAST
investigation. To date, and as illustrated by the results presented below, this decision appears to be justified.

The growth in modules of FW over releases tenrsn,;, that isreleased.0 to 7.0B is shown ifigure 3. The
overall growth pattern should be compared with that of OS/360 over its first 20 or so releases as in figure 1.

The abscissa of figure 3 representsititividual releaseequencaumbers as explainedbove. The figurelearly
shows theupward trend okystem growth. Thé&endis, therefore, consisterwith the firstandsixth laws of
software evolutiorbut doesnot distinguistbetweenthem. Moreover, it also shows a rippé#fect strongly
reminiscent of that of OS/360 as in figure 1. It was, of cotinge ripplephenomenon that firsuggested that
the software process was stabilisedfiégdbaclcontrol, ascaptured inthe third and eightaws. Thus this initial
result of the present study is certainly compatible with the conclusions and, in particular, the $aftwaré
evolution, first reached in the study of OS/360 more than twenty years ago.
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Figure 3 FW growth trend by rsn

4.3 Incremental Growth
Figures 4 and 5 show the incremental growthreleiase 0DS/360and FW respectively over theleases rsrito
rsn,, for eachsystem. The horizontal linadicates theaveragegrowth perrelease ovethis range. For FW the
plot includesall the data intable 1. For OS/360 the final fiveleases for whickdata is available aremitted
from the plot since they reflect the transition (in growth trend terms) from OS/370 to VS1 and VS2.

The two plots displayemarkably similar cyclicharacteristicthough, as one should expect, tffer in detail.
They also resemble statistical process control clidag34]. It was, in part, the observation tiis cyclic
pattern andts symmetryaroundthe averagewith respect toOS/360 that originally led to formulation of the
third and fifthlaws. The long terntrend of themoving average ofhe incremental growth d&-type systems as
they evolvewill, in general, be difficult to determine becausetlod small number oflatapoints generally
available. Itmight be thecase thathis average declines because of increasioignplexity. Alternatively, it
might grow as aonsequence afmproving process technology. It may also be that t(ese other?fontrary
pressures compensate for each other tiwer so that the original assertioninfariance remains valid. I, in
fact, notcertain that all systems or domab&have in the same way. The fifth law as stated in taklél have
to be re-examined.Thanalysis outlined below wilprovide additionainsight for FW with thepreferredgrowth
trend model indicating that, for that system at least, the first trend is the most likely.
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Figure 4 Incremental growth per release of OS/360 over releagés rsn,
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Figure 5 Incremental growth per release of FW overtrsnsn,

As pointedout previously [leh74,78], theyclic effectreflected bythe peaksandtroughsin the incremental
growth plots may béndicating thepresence ofeedbacldriven and controlled growtihus,influencestending

to increasesystem functionality, that is growtbwardsthe peaks, may have their source in posifeadback.
The declinesnay reflect size stabilisation and other negatéezibacleffects. An example of sudbedback s the
evolutionary pressure that arises when cliantdusers expressiaedor enhancements texisting capability or
system extension. But as implementation of such chapgesedshe size and complexity of th&ystem
increases, leading to declining comprehendability, increasing error rates, increasing resistance to change or the
impact ofbudgetary constraints. These lefmt,example, to decliningrowth resources ashe need forfixing
resources and complexity control increases [lehBBg proceswill be directedinits evolutionand growth
patterns by data reflecting these effedtbat is, thedata orits derivativeswill be used to adjusprocess
objectives (immediate and/twng term)and process parameters and used to drive, constrain, aysthémal,
manage the process. Positifeedbaclkdrives growth while negative influences force a periodafsolidation
(correction and restructuring). An exampletbé& former isprovided bythe final 7 releases, rsp to rsng of
0S/360. Itrepresents, in fact, an possible examplehafconsequences of excesspasitivefeedback. The
hypothesis is that the instability ovezleases, rsp to rsng (figure 1), resulted from excessivgrowth, in
response to markdemand, irgoing from rsp, to rsny, This brief analysis suggests that the Fl&tasupports,

in part at least, the third and fifth laws sdftware evolution as originaliypferredfrom OS/360evolutionary
behaviour. Analysis of the long term growitknd of FW inthe next subsection suggests, however, that the
law, as stated in table 1, must be modified.
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4.4 The Inverse Square Model (IS)

This section presents two models of FW growth. The first of these, illustrated in figurelaiised from the
dataset of table 2 using a leasquardinear (LSL) fit. Themodels focus on the general trend and larggigres
the ripple. Detailed analysis of the latter is beyond the scope of this paper.

: Size in Modules Logica FW
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Figure 6 Least square linear fit to FW over, renrsn,

After investigating other alternatives Turgleveloped armalternative, inverse square, model (i8presented by
the nonlineadiscrete-time dynamical recursi@h) [tur96]. In thismodel s is the actual value of rsn's is its
fitted or predicted size, "n" is the total number of releases in the data setsaadri®del parameter.

s =5 (1a)

S ENG F E(S)2 o {i=2,...,n} (1b)
The parameter i the average of individual Ealculated from either (2) or (3).

Bl = (S - Sa)Sa2 e eevenee e e {i=2,..,n} 2

E = (S - S)(Zi2(1/(S) D)) wovvviiriiiiieeeeeee {i=2,.,n} (3)

Algorithm (2) uses only the two mosdcent dataoints in computing E With (3) alldata to rspareconsidered.
In either case thaverage othe resultant set of;Ejives an estimated value for B third approachi{LSIS)
computes Hrom the entirety of data using a least square criterion and is illustrated in Figure 7.

1 Size in Modules Logica FW
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Figure 7 Least square inverse square fit to FW overtosrsn,
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The conceptual implications guiding the selection of one of the three alternative algorithms for comp@méing E
subtle and areot discusseéurther here. They yielslightly differentvalues of Bout in the context of thistudy
they do nofproducesignificantlydifferentbehavioural patterns. Nor do they change the conclusionsdecawa.
Finally, theobservanteadewwill notice apparent outliers rgpand rsp,. No comment can bmade athis time
about the significance of these or their possible implication.

For thetrend models based a@he full set ofdatapoints statisticaineasures of the closeness of fit of the LSL
and IS models daoot differ significantly. This suggests that, at the present stage of the FW life cyaledhse
squaralamping on the long tertmend isnot strong. Moreover, neither modeldressethe ripple. The FEAST
hypothesis wasiggered bythe assumption that the patteoparent inthe ripple is not primarilglue to the
impact of asequences dbcalised (often short term) management and implementation decisions superimposed on
what, agndicatedbelow, appearsto be aysteriimposed long term trend. It wasesumed to indicatedegree

of feedback-controlledelf-stabilisation asndicated bythe fact thatmeasures othe regularity of theipple
deviations appear to be at least as gneassibly larger thanthe apparently random disturbances.ciirrent
hypothesis is that the ripple abserveds, in fact, a composite of deviations frattme trend caused bjocal
management decisions and technical variationthenone hand and those arising from the systgnamics.
This requires further investigation.

As pointed out by Turski [tur96] the phenomenology of the situation suggpsrl reasons fareferring the
IS model:

* The IS inverssquareproperty can bénterpreted as reflectintpe complexity growth of a software system
over asequence ofeleases. Such growth is due, in partinreases irthe complexity of the application,
for example, as featur@®tincluded inthe original system definitiomnd often orthogonal tih, areadded.
Moreover, the process of evolutiaaddschange upon change upon chamggh, in generallittle attention
paid to the resultant complexity growth [leh85]. Ittliés phenomenon that isaptured bythe second law
(table 2).

* As a oneparameter model IS ialso compatible with the fourth laws ebftware evolutionwith the
parameter Eeflecting the constant effort that the law identifies [leh78].

* IS also satisfies the Principle of Parsimony [box66].

* No system can groviorever.The linear growth model is thuscompatiblewith reason angdommon
experience.

4.5 Further Consideration of the Inverse Square Model

The list ofreasons for favouring IS over thé&L includesthe observation that the singdarameter Eof the
former may beénterpreted as aonstaneffort parameter apredicted bythe fourth law. Estimation of Erom the
available data strengthetizat argument. Such estimatipnoduces avalue that, as shown belowgmains
relatively constant as FW evolves. Tigt the singleparameter ofthe model may benterpreted ashe constant
effort or work outputidentified in the fourth law as beingequired totake the system from onelease to the
next. The principal questiomaised bythis interpretation, questionsot satisfactorily answered, relate to the
interpretation of Eand theunits in which it ismeasured. Does Eelate to thanput effort required toachieve
release by releasystem evolution or to the outpathievedrom the procesmeasured bysome measure of
increase insystem qualityand power? To answer the first questiequiresfurther investigation anddditional
data. As taunits, s is a dimensionless courtience Eis dimensionless. But despite these unsolved questions it
is concludedhat, on the basis afurrently available data, the abgweints, together provide some justification
for preferring the inverse square model. It appears to reflect reality more closely.

The full implications of one furthendicator of the superiority of IS ov&iSL must now be&onsideredWhen
modelling large datsets, the first part is oftarsed to estimate modshrameters anithe second td¢henevaluate
its "predictive" capability [ger93\With the small size of thdataset available fronFW, this might notappear
to be a fruitful path to follow. Turski [tur96] did, however, investighte question, asking: "How many points
beginning with rsphave to beconsideredin ordertget an appropriatelppw error of fit over those points, an
acceptable predictive capability?” terms of the FEAST hypothesis tlgjgestion is equivalent tasking: How
fast is the FW dynamics established? An answer is suggested for FW by the plot of figure 8.

The figure shows the mean absolute errditofmae) that is relatively large over the firsteasebut declines
rapidly, reaching a stable state by releasg rShereaftethe mea varies has a mean g%4.6 with astandard
deviation of2.8 for estimates of Hsing from 6 to 21 points. At the stabilising point thedelderived from

data ononly 6releases yields an mé#eat is only 4.7% of the system size at;y$h2% of its size at rgnand

2.8% of its size at rsp This behaviour is counter-intuitive in severys. Possibldénterpretations and
implications are summarised below. Overall, it does, howapgear to indicatéthe strength of theystem

dynamics. Its constraining influenpeovides some justification for the observatimade byone of theauthors

many years ago that "Rather than the managers managing the (ewuiftimgre)system, the systemmanages
the managers." Iinust, ofcourse, bainderstoodhat thereferencénere is to long term evolutiomot to the

specifics of individual decisions, often localised in time, system space and implementation space.

20/6/97,1:09 pm -9- mml|568[papers]



- Modules .

300 ] ° Logica FW

250 7 \ Mean Absolute Error as Fuction of
1 \ Number of Data Points used to Estimate E

200 - \
] VIS

150 | *

100 - O
] ‘e--®~0-0 -0 - 9-0-.9.-0-0-0 -0 - 0-.0-_9. -0

50 -

0 | T T T T T T T T 1 # Of

0 5 10 15 20 Point

Figure 8 Mean absolute error of FW fit as a function of the number of data points used to estimate IS model

» Figure 8 based othe IS model suggests that the FW growénd is established oveome six of the
releases included ithe study. Inaccordancavith the FEAST hypothesis, it i@gssumedhat thedynamics
arises from thecharacteristics ofhe software,the organisations developing, marketing amging the
software the communications betwedhem and the controls that aegercised. Inany event figure 8
supports the hypothesis tHatype software systems in evolution develop a strong momentum.

» Themeafor IS of 74.6modules withstandardleviation of 2.8 over the stable range is very close to the
calculated average incremenggbwth of about 86.Inodules over altlatapoints (fig. 5). This raises the
question whether there is some relationship betweevatiience ofthe ripple (which is a significasburce
of error for the trend fit) and the mean incremental growth. Establishing a correlationleamitol aconcept
of safe growthor growthrate limits. Establishing either would provide strong conceptual support for the
incrementabr evolutionary releasstrategy [gil88]. The entire question remains to be investigated.

* Note that themeaof LSL over the stableangeis, at 86modules, even closer to tlawerage incremental
growth of 86.1 modules than is thatl8f The implications of thisfor example on the evaluation of the
relative value of the two models requires more investigation.

» The IS plot inFigs. 8and 9 stabilises much more rapidly than doed Bk plot. Moreover, if IS and LSL
are estimated bysing only rspand rsp, the former outperforms the latter by @der ofmagnitude. Thus
while there arstill unansweredjuestions, figures 8 and 9 appeastpport the earlier conclusitimat IS is

to be preferredver LSL. That theyprovide further support fothe FEAST hypothesiand the laws of
software evolution does not require further emphasis.
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2000-
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0- Bl ek kN St
0 5 10 15 20 RSN

Figure 9 Mean absolute error of FW fit as a function of the number of data points used to estimate the LSL
model (full) superimposed on that of the IS model (dashed)
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The initial resultspresented above are basedtbe examination of only oneurrentsystem. Theyprovide
significantevidencewhich shouldencourage furthenvestigation. Note also that the investigation of OS/360 in
the light of current findings has not been reopened.

4.6 Impact of the Study on the Laws of Software Evolution

More work is clearlyequiredfor firm conclusions to beeached in regards the many issuesisedabove. It is
neverthelessonsideredppropriate to indicate in tabletBe extent to which the investigators featouraged to

see the present results as being compatifitle, or even supporting, the laws sbftware evolution. The
impression igainedthat, despite the 20 year gap and the significifferencebetween IBM and Logica systems

and usage environments, there are strong similarities in the phenomenology of their evolutionary growth. On the
basis of thephenomenological interpretatiotisat, because of spadinitations, cannot beresented here it
appears islikely that the results of thigreliminary studywill extend, possiblywith modifications or
generalisations to othdt-type systemslnderthe FEAST/1 project it ihoped to analyse data frosuch
systems and their development processes and to seek confirmation or denial of the present initial findings.

No.|Support Indicator

I b More investigation is required to determine whether fig. 3 growth trend includes adaptation
and change and so supports | or only functional growth as in VI

I v Inverse square law of growth, eq. (1), constant effort parametgysE3 and 7

M ? Figure 3 suggests regularity but not normality. Further investigation needed

v v Ability to obtain close fit with constant B equation (1)

\% ® Figure 5 which is similar to equivalent data in the OS/360 data. Conclusion is, however,
tentative, awaiting observation of the consequences of a release whose content exceeds the
average by a significant amount

Vi v Demonstrated by the growth of as in figure 2 and analysis of its content

VI No evidence for or against

Vil v Self stabilisation as in figs. 3, 5, 7, 8. Inverse square law, eq. (1). Proof that process [s a
feedback system requires identification of feedback mechanisms and cannot be inferred|from
quantitative data.

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

5 Final Remarks

The present pape@escribes dlack boxapproach intended tdisplay the phenomenology of FW evolution, to
provide a display of the influence of the dynamics, a behavioural model for interpretation and the basis for the
formulation of explanatory hypotheses. A white box modelipgroach is simultaneously seeking to model the
structure ofsome industriaboftware processes including thé&edbaclcontrol loops and to simulatéeir
behaviour. These investigations are being fulbheked ughrough thedevelopment of a multi-agent model. It

is hopedthat, together, thewill confirm the laws ofsoftware evolutiorthat now includethe FEAST
hypothesis angutting it on a firm foundation. Alternatively the results of the investigattarid demonstrate

that the lawsnd the hypothesis anet of general relevandbough, possiblysatisfied for particular instances of
E-type systems and their evolution processesutfcessful over a range efstems the investigation will
represent the basis for a plausible theory of software process and software evolution.

This preliminary study haslready madeisible progress in illustrating how metric concepts camyaied to
the study ofsoftware evolution. It isucceedingin extendirtge 1970gechniques and applying morigour

[law82] to mastery of thebserved phenomenahe specific results for the Logica system aremisiderable
interest, both in themselvesd from awider point of view.Nevertheless, theeadershouldappreciatehat the
primary significance of this paper, if any, is in the perspective and approach it presents.

Apart from the possible theoreti@lvancehis studyrepresentsit should, if successfald tothedevelopment

of methods antbols forprocess management, relepmning and process improvemenhis will shape the
direction of software metrics, software process modelling and process improvement in the years to come. If the
extent to whichfeedbaclphenomena ire-type evolution processes shapes and consttiagsoftwareprocess
significantly, mastery and commandtbfat phenomenavill open up important new prospeckdoreover, the
software process may also be seen as a special case for business processes, in gapgraladtapplied and

the conclusionseachedshould find muchwider application. It is believetiat FEAST/1 is a study which, if
successful, will eventuallgadto a theory and to a technolaglgich together can trigger majadvances in the
software and other business processes and their improvement.

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