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Abstract

Data obtained during a 1968 study of the software process [1eh69] led to an investigation of the
evolution of OS/360 [1eh85] and and, over a period of twenty years, to formulation of eight Laws of
Software Evolution.. The FEAST project recently initiated (see sections 4 - 6 below) is expected to
throw additional light on the phenomenology underlying these laws, to increase understanding of
them, to explore their finer detail, to expose their wider relevance and implications and to develop
means for their beneficial exploitation. This paper is intended to trigger wider interest in the laws
andin the FEAST study of feedback and feedback control in the context of the software process and
its improvement to ensure beneficial exploitation of their potential.

1 Historical Background

The first three of a total of now eight laws of software evolution* were formulated in the mid
seventies [len74] arising from analysis of data first acquired during a study of the IBM
programming process [leh69]>. These three were discussed in somewhat greater detail in 1978
[len78]. Two further laws were introduced in a 1980 paper [leh80a] with the sixth introducedin a
footnote[leh91]. The remaining two have been discussed in presentations but are published here for
the first time. All relate specifically to E-type systems[1eh80b] that is, broadly speaking, to software
systems that solve a problem or implement a computer application in the real world.

Section 2 restates and briefly discussesthe laws stressing, in particular, the role of process feedback
in generating the phenomenology they reflect. This is followed in section 3 by an equally brief
discussion of theuse of the term laws in describing the observations from which they were inferred.
Section 4 introduces the FEAST project, the concepts and observations on which it is based and
outlines the planned, now funded FEAST/1 investigation relating it to a broader long term, multi-
disciplinary collaborative investigation which must follow.

2 ThelLaws
2.1 1 - Continuing Change

An E-type program that is used must be continually adapted else it becomes progressively less
satisfactory.

Thislaw isin accord with universal experience. It suggests that the growth of an E-type software
system is in some ways akin to that of an organism. It result, however, from feedback pressures
caused by mismatch between the software and its operational domain, whereas that of biological
organisms results primarily from pressures within the organism itself.

This need for continuing adaptation and evolutionisintrinsic to E-type applicationsand software. It
is, in part, due to the fact that development, installation and operation of the software changesthe
application and its operational domain so creating mismatch between the two. Evolution is achieved
in afeedback drivenand controlled maintenanceprocess. If the consequent pressure for evolution to
adapt to the new situationis resisted the degree of satisfaction provided by the system in execution
declines with time.

2.2 11 - Increasing Complexity:
Asa program is evolved its complexity increases unless work is done to maintain or reduceit.
Thislaw may be an analogue of the second law of thermodynamics or an instance of it [sca93]. It

results from the imposition of change upon change upon change as the system is adapted to a

! Numberedin order of formulation and publication. Over the years the namesand detailed wordingof some of the laws have been
modified but the underlying understanding they reflect has remained essentially the same

* Papersidentified by a* in the references listing are reprinted in [1eh85]
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changing operational environment. As the need for adaptation arises (first and seventh laws) and
changes are successively implemented, interactionsand dependencies between the system elements
increase in an unstructured pattern and lead to an increase in system entropy.

If the growth in complexity isnot constrained, the progressive effort [bau67] needed to maintain the
system satisfactory becomes increasingly difficult. If anti regressive effort [leh74] is invested to
combat the growth in complexity, less effortis availablefor system growth. Given that resourcesare
awayslimited therate of system growth declinesas the system ageswhichever strategy is followed.
In practice the balance between progressive and anti-regressive activity is determined by feedback.

2.3 111 - Sef Regulation

The program evolution processis self regulating with close to normal distribution of
measures of product and process attributes.

The evolution of industrially produced E-type software is implemented by a technical team
operating within a larger organisation. The interests and goals of the latter extend far beyond
completion of the system in question. Checks and balances will have been established by corporate
and local management to ensure that operational rules are followed and organisational goals at all
levels are met. The positive and negative feedback controls that implement these checks and
balances provide one example of feedback driven growth and stabilisation mechanisms. Therewill
be many others.Together they establish a disciplined dynamics whose parameters are, at least in part
normally distributed [cho81] being the consequence of a large number of pseudo independent
managerial and implementation decisions. After a while this dynamics determines many of the
growth and other development characteristics of the evolving product

2.4 1V - Conservation of Organisational Stability (invariant work rate)

The average effective global activity rate on an evolving system isinvariant over the product
lifetime.

Of the eight laws thisfourth law was and remains the most counter intuitive. By and largeit is still
generally believed that the effort expended on system growth and evolution is determined by
managerial decision. To some degree corporate and local management certainly do control activity
targets and resource allocation to a project, system or activity. Their ability to do thisis, however,
constrained by external forces, trade unions or the availability of personnel with appropriate skills
for example. But as suggested by the third law the effort usefully expended, that is to achieve
satisfactory results, is also determined by system attributes, complexity for example, that are
analogous to attributes such as inertia and momentum in mechanical systems. As indicated by
Brooks [bro75] circumstances may even arise where, for example, providing additional resources
may actually reduce the effective rate of productive output as a result of increased communication
and other overheads or decreasesin process quality. In any practical situation the level of activity is
not decided exclusively by management edict but by a host of feedback inputs and controls. Project
data so far analysed suggests that in practice this leads to stabilisation at afairly constant level.

2.5 V - Conservation of Familiarity

During the active life of an evolving program, the content of successivereleasesis
statistically invariant.

One of the factors that determines the progress of a software development is the familiarity of all
involved with its goals. The more changes and additions are associated with, say, a particular
release, the more difficult it is to for all concerned to be be aware, to understand and to appreciate
what isrequired of them. The rate and quality of progress and other parameters areinfluenced, even
limited, by the rate of acquisition of the necessary information by the participants collectively and
individually. The larger work package the more challenging mastery of the matter to be acquired.
Data to date suggests that thisis not anice linear relationshipbut onein which there are one or more
critical size levelswhich if exceed trigger behavioural change. The rapidity of the change suggests
that here too feedback mechanisms play an important role.

2.6 VI - Continuing Growth
Functional content of a program must be continually increased to maintain user satisfaction
over itslifetime.
At first sight the sixth law, Continuing Growth, appears little different to the first law, Continuing
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Change. In fact, however, the two laws reflect distinct, though not unrelated, phenomena. The first
relatesclosely to the Software Uncertainty Principle [1eh89,91] which recognises, inter alia, that, for
example, changes in the operational domain will invalidate assumptions embedded in E-type
software and so cause unexpected behaviour in execution. As users become aware of consequent
imprecision, unsatisfactory or incorrect operation they will demand a fix. The law reflects the
feedback impact of system usage on the application, on its domain, on users and on assumptions
made during development and maintenance of the software. Changeis inevitablein software asit is
in any active system. The rate at which pressurefor change develops in software relative to human
perception and the intolerancefor mismatch if changes are not implemented is, however, greater
than for other real world systems. Hence the common perception of continuing maintenance and for
the view that E-type software must be seen and treated as organisms.

The sixth law addresses change deriving from a different source. When a new system is to be
developed (whether from scratch or from of-the-shelf (OTS) components) or an existing oneisto be
upgraded the first input required, though often not provided, is adetailed description (model) of the
application in its actual or desired operational domain. This application domain model is the
foundation and definitional source of the requirements and specification for the required system.
Because of limitations arising from constraints such as budget, delivery dates, technology and
understanding of the application in its domain® the domain model and the definitions of
requirements and specifications have to be bounded. Items relating to candidate functional,
behavioural and other attributesthat cannot be accommodated, for whatever the reason, within the
imposed constraints will be explicitly or implicitly excluded. Sooner or later omitted attributeswill
become the bottlenecks and irritants in usage as the user has to replace automated operation with
human intervention. Hence they also lead to demand for change, in this case growthin capability to
provide attributes that could not be accommodated in the original development. Behaviour and
functionality associated with or arising from system execution and implemented by humans at the
interface, by ancillary systems or by applications softwareis integrated into the system to remove
bottlenecks and/or sources of imprecision or error. The E-type system inevitably grows with time
driven by feedback from user and marketeers.

2.7 VI - Declining Quality

E-type programs will be perceived as of declining quality unless rigorously maintained and
adapted to a changing operational environment.

Discussion of the sixth law made brief mention of the Principle of Software Uncertainty. In one of
its aternative formulationsthis states that the real world outcome of E-type software execution is
inherently uncertain with precise area of uncertainty also not knowable. A system that has
performed satisfactorily for some period of time may suddenly exhibit unexpected, previously
unobserved, behaviour. Several causes to explain this phenomenon, all valid and complementary,
may be identified [I1eh89,91] and encapsulated in the Principle of Uncertainty. The simplest is
associated with the fact that there is agap between the potentially unbounded E-type application and
its real world operational domain and the finite system devel oped with finite resources infinite time
to address a constrained application in aconstrained domain. The constraintsrepresent assumptions
about the application, the theory that underlinesits component parts, the domain, human behaviour,
the execution system and so on together with the passive or active reaction of all theseto each other
and to system operation. They are required because an unbounded system cannot be constructed.
They are adopted, explicitly or implicitly, according to the perceptions and understanding of the
application and its domain at the time of implementation and are embedded in the system to bridge
the gap. But the real world isaways changing. In fact, such changeis, in part, driven or accelerated
by the process of computerisation. Hence, however, justified or valid the assumptions will have
been at the time of adoption thefull set embedded in the systemwill contain progressively more that
are not (no longer) valid or justified. What the consequence of encountering the embodiment of such
an assumption during execution will be is unpredictable. Hence there must be a degree of
uncertainty, unpredictability, about E-type system behaviour.

The seventh law statesthat such uncertainty increases with time unless successful attempts to detect

® The constraints are here listed on the order of normal organisational concerns not of technical importance or operational significance
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and rectify the embodiment are taken as part of the maintenance activity. It is also aconsequence of
the fact that familiarity breeds contempt. As time elapses and the user community become more
perceptive and expectant; alternative products become available, the criteriaof acceptability and
satisfaction change. Ultimately quality of a product must relate to user satisfaction. Hence the
quality of a software system declines with time and once again information feedback plays a key
role.

2.8 VIII - Feedback System

E-type Programming Processes constitute Multi-loop, Multi-level Feedback systems and must
be treated as such to be successfully modified or improved

This brief outlineof theLaws of Software Evolution has included references to the role of feedback
in the process. These remarks may be generalised with the observation that global E-type software
system evolution processes constitute complex multi-loop, multi-level, multi-agency feedback
systems. The role of feedback in the process was, in fact, recognised amost from the start of the
detailed study of the software process [Ieh69]; a study that led to the wider exploration of software
evolution. A 1972 paper [bel 72], for example, discussing an earlier version of the full OS/360 IBM
operating system growth curve reproduced in figure 1, observed that, "... the rippleis typical of a
self stabilising processwith positive and negative feedback loops. From a long-range point of view
the rate of system growth is self-regulatory, despitethe fact that many different causes control the
selection of work implemented in each release, with varying budgets, increasing numbers of users
reporting faults or desiring new capability, varying management attitudes towards system
enhancement, changing release intervals and improving methods...".
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Figure 1. The growth of OS/360

This plot, and otherslike it, provides many clues to the properties of the overall OS/360 evolution
process [|eh80b]. Here the principleinterest is in the indicators of feedback control. The preceding
paragraph referred to the ripple effect which was, andis, believed to reflect process self stabilisation
through negative feedback. The chaotic (in a strictly technical sense) behaviour exhibited over the
final releasesis similarly interpreted as instability due to excessive positive feedback evidenced by
the excessive feedback driven growth in evolving from release 19 to release 20.

The conclusionsdrawn from the 1970s studies recognised that the presence of feedback in the
software development process and organisation required one to "... regard the organisation
developing and maintaining a large program as a system in the system theoretic sense. ....
Observation has shown that the system behaves as a self stabilising feedback system. .... The
process|eads to an organisation and a process dominated by feedback ... with long range trends ...
and invariances ..." [leh78] All these observations and many more are encapsulated in the eighth
law.

The eighth law is, therefore, not new though it was not originally formulated as a law. Its
formulation illustrates how one may obtain and interpret clues as to the nature of a phenomenon,
which, as they accumulate, provide a growing observation base, behavioural and factual, from
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which one builds a theory of behaviour. Such theory, when established in outline, may then be
refuted or refined, tested and improved by further observation and experimentation. What is
surprisingis that it hastaken more than fifteen years for the full implications of the observations of
the 70s to berealised; that only now hasit become apparent that statement of a incontrovertible fact
as a law may have important benefits. The full impact of this law on the formulation of the other
seven laws, on their impact or on their practical implications has not yet been systematically
explored. It isintended that this be one of the outputs of the FEAST project.

3 Why Laws?

Before introducing the FEAST programme it seems appropriate to briefly examine the use of the
term laws rather than words such as observations or hypotheses.

When the laws werefirst presented in the literature [leh74,78,80a,b] widespread criticism of the use
of the term laws was voiced. It was suggested, for example, that the observed phenomena reflected
the behaviour of human designers, implementors, managers and users. Thus they could not be laws
in the normal sense of the word. Othersfelt that the phenomenology they reflect could be altered at
will, by education for example. Still others observed that the behaviour described was intimately
bound up with a particular organisation (IBM) and/or a particular system (OS/360) and/or the
software system development technology of the 70s). As such the observed phenomena lacked the
generality that use of the term law implies. The refutation of the first view was based on the facts
that the laws reflect the cooperative activity of many individual and organisational behaviour. Their
analysisrequires, therefore, experiencein disciplines removed from computer science and software
engineering, psychology, organisation theory and management science, for example. Moreover
since, in part at least, the characteristicsidentified by the laws stem from the feedback system nature
of the software process, discipline such as control theory or system dynamics the phenomenology
associated with such systems also plays a role. The observed behaviour reflects the environment
within which software engineering operates and the laws governing that behaviour are not part of
that discipline. From the point of view of software engineering they must be accepted as laws
[leh78,80b]. The study was, however, not limited to the examination of one system. Data from
several other sources was also examined and upheld, or at least did not contradict, the earlier
conclusions [1en80b]. With hindsight it must however be admitted that a strong intuition played a
part in the decision to use the term law. Only now is that intuition beginning to be supported tur96].

A second criticismisexemplified in Lawrence's|CSE 6 paper [law82]. His view, first expressed by
Chong [cho81], was that the analysis of the data from which the laws were inferred was not
statistically significant. As a criticism of the laws, however, this too is unfortunate. It stems from a
misunderstanding. At no time was any claim made that the laws were derived from statistical
models of the observed behaviour of the five or so systems studied. How could they have been, after
al, even in the best case there were only some twenty data points? Models were derived by curve
fitting. These led to exploratory, statistical probes to help and guide interpretation of the observed
behaviour in terms of ones knowledge and understanding of the observed process and of related
activities. The laws represent an emerging theory of software process and software evolution based
on many inputs including the reality of software development. Observation and modelling,
numerical, statistical or otherwise, provide guides, circumstantial evidence and inspiration which
must then be tested against thereal thing. As such evidence accumulates and to the extent that the
models support and extend each other they may eventually provide statistically significant support.
But that time is not yet here.

4 FEAST

4.1 The FEAST Project

This project is rooted in hypotheses outlined in section 4.4. It seeks to investigate the role and
influence of feedback in the evolution of E-type software systems and on the improvement of the
software process. Hence the name FEAST, Feedback, Evolution And Software Technology.

4.2 Process | mprovement
Thefirst recorded mention of aneed for improvement in the process of programming is believed to
be in remarks by Wilkes, Wheeler and Gill in connection with their invention of the concept of
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subroutines [wil51]. In the preface to their book The Preparation of Programs for an Electronic
Digital Computer, they write "The methods of preparing programsfor the EDSAC described in this
book were developed with a view to reducing to a minimum the amount of labour required and
hence of making it feasible to use the machine for problems that require only a few hours of
computing time as well as for those which require many hours..."* The search for improvement has
been in theforefront of programming research and devel opment ever since. Some two years ago the
guestion was asked why, despite the many innovations in programming methodology, in process
organisation and in project management over the past 45 years industrial software and systems
development still suffers major problems?

Why has improvement of the process proved so difficult and slow despite a massive research
investment by government, industry and academia? The conventional approach to answering this
guestion associates lack of global progresswith problems of individual innovations. It is suggested,
for example, that high level languageshave not solved the overall problem because their impact is
local not global. Their use may produce a three to fivefold speed upin coding. It certainly makes
the resultant text more intelligible, hence less error prone. But the effort that goes into coding
represents only a small proportion of the total system development effort. The local gain is only
minimally reflected in the global process. Formal methods have not made a major impact on
industrial development effectiveness because people do not have or do not like the mathematical
skill required to use the methods effectively. Thus they have not found widespread application in
industry. CASE has not delivered the expected promise because organisations adopt methods and
acquire tools one at a time. Only when they have several tools, is it discovered that they cannot be
used together effectively. As often asnot as much is lostin progressing work from one method/tool
to the next as was gained by using thefirst tool in the first place; truly discouraging. And so on.

This technique by technique approach to explain the source of difficulty in major process
improvement is unsatisfactory as, indeed, isthe search for improvement through the introduction of
innovations one by one. For complex systems - and the software development processis that - the
latter approach which isakin to local optimisation normally leads to global sub optimisation. Where
so many innovationshave failed to deliver their promiseit would surely be appropriate, in the first
instance at least, to look for a common cause. One must search for an intrinsic constraint on the
improvement of the global process of transforming an application concept into an operational
system and on maintaining the resultant system satisfactory over itsworking life.

4.3 The Process as a Feedback System

Given that formulation of the issue, an immediate solution to the conundrum suggested itself. The
global industrial software processisa feedback system. It involves not only technical development
but process engineering, many levels of management, corporate executes, marketing, user support
and so on. The direction, quality, effectivenessand output of the processis a complex function of
the directive, control and information flow between many agencies and agents. that drive, guide,
redirect and generally seek to control the process. In such a feedback systems positive feedback
triggers or accelerates growth and may lead to instability (as seen in the final releases of OS/360 -
fig. 1). Negativefeedback, on the other hand, has a stabilising influence. When negativefeedback is
applied over some forward path element, be it a single mechanism or a subsystem, changes in the
output of that element in responseto changesinits characteristics are reduced by approximately the
gain in the feedback loop. The preciseimpact depends, of course, also on the delay or phase shift in
the loop. One achieves global stability in the face of changes in element characteristics.

With many feedback paths in asystem, a complex relationship exists between internal changes, the
characteristics of communication and control various paths between elements, internal interactions
and observable external behaviour. In particular replacement of an element with one having
different characteristics, even addition of a new element, may make no significant or even
perceptibledifference to observed system behaviour. At best the observed changeswill be much less
than might have been anticipated from changesin element characteristics. To impact global system
behaviour significantly by internal changes requires adjustment of feedback paths and attributes of
their mechanismsin away that is neither ssmple nor self evident. Changesto forward path elements

* The present author'sitalics
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alone will have amuch smaller global impact than analysis of the local impact would suggest.

The insight that followed acknowledgment of the software process as afeedback system should now
be self evident. The process must surely possess the same general feedback system property. The
impact of internal changesto process mechanismsmust surely be constrained by the many feedback
paths in the process and the organisationswithin it is embedded and applied. The visible benefit
derived from the introduction of improved languages, methods, proceduresor toolsin the forward,
development path of the process can only have limited impact. Locally an innovation, whatever its
nature, might proveto be most beneficial, yielding significant improvement in productivity, quality,
responsiveness or whatever. But such gain is likely to be attenuated or even inverted by the
feedback mechanisms that certainly modify, perhaps determine, overall process characteristics.

Process improvement efforts should not be concentrated on forward path technical development.
Nor is it sufficient to extend consideration to system definition steps such as requirements
engineering, system specification and design. Communication channels between technical
development, the organisations within which it is embedded and the user community must be
considered. These channels include feed forward and feedback mechanisms operating in the global
process, which be improved and tuned to the state of the forward path at any point in time.

Improvement efforts must consider the influences stemming from all organisational levels.
Marketing, sales and user support feed back information and requests that influence the process.
Software engineering activity that defines and designs the process used, its support and the activities
that progress the product through its various stages of development also exercises significant
influence. All these agencies and groups must be considered when process changes are proposed.
All impact product and processgoals, product distribution, installation and introduction into usage,
the product evolution process. Much of that influence is achieved via feedback, whether in the form
of control or asinformation that influences local decision taking. Equally, participantsin the process
must recognise that for users the product asnot an end in itself. It is a means to an end, producing
benefit that accruesto the development organisation, the client organisation, the user community
and awider circle. This entire community is a source of feedback pressures.

4.4 The FEAST Hypothesis

However convincing the reasoning, the insight summarised by the brief phenomenological analysis
above must, nevertheless, be regarded as a hypothesis. It must either be proven false or evidence
supporting, strengthening and extendingit must be obtained. This can be achieved, for example, by
studying real, industrial, processes, identifying loops and demonstrating how they constrain process
improvement. If that can be doneand if the software engineering community canlearn to exploit the
phenomenon, its implications and its interpretation the hypothesis will become a basisfor a theory
of the software process and of software product and process evolution. Its achievement would
constitute significant progress.

The FEAST hypothesisis the formulation of such a hypothesis. It represents the encapsulation and
formulation of the 1970s observation, their reflectionin the laws outlined above and processinsight
developed more recently. It has been widely presented and discussed. As a result its precise
formulation has changed somewhat since first proposed [fea94]. Versions of the hypothesiswill be
found in [fea94/5] and in [|eh95]. We present below arecent formulation [1eh96b].

Hypothesis
» Ascomplex feedback systems E-type software processes evolve strong system dynamics and the
global stability tendency of other feedback systems

Supporting observation
» Processes adopted, applied and improved in industry, will naturally evolve positive feedback to
drive organisational growth and negative feedback controls - checks and balances

This hypothesis actually includes three sub-hypotheses or assertions:
| The software evolution processfor E-type systems constitutes a complex feedback system

Il Where present, feedback is likely to constrain the global benefits derived from forward path
changes to the process, however effective they may appear locally
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11 Major improvement requires process innovation to change system dynamics by modification
of feedback mechanisms

A lemma also follows:

» Slow progress in process improvement may be due, at least in part, to lack of attention to
feedback phenomena?

5 FEAST/1

The above statement and a fuller phenomenological analysis of the nature and likely consequences
of feedback in the global software process as briefly outlined in section 4.2 and 4.3 provide the
starting point for a systematic investigationto confirm the validity and relevance of the hypothesis,
to develop means for its exploitation and to strengthen the theoretical base for process improvement.
Over the past two years three workshops at Imperial College with wide, international, participation
[fea94,5] and with the primary objective of arousing interest in the approach have laid the
foundations for a collaborative, international, multi-disciplinary investigation. A two year project
named FEAST/1is now funded by EPSRC under grants numbered GR/K86008 and GR/L07437. It
will commenceinthe Autumn of 1996 with Professors B Rustem, V Stenning and the present author
as Principle Investigators.

For the past two years a core group consistingof ProfessorsV StenningandW M Turski and Dr D
E Perry has been meeting at intervals both to clarify some of the basic concepts that underlie the
hypothesis and, therefore, the proposed investigation. Some of their early discussion concentrated
on seeking to understand the meaning of positive and negative in the context of feedback and on a
search for examples. It proved possible to generate hypothetical instances of feedback in their
understanding of atypical industrial process. Examples based on real experiencein actual processes
proved more illusive. Hence the importance of the project plan to include studies of a series of
industrial projects. Access to such projects will be provided by the FEAST/1 committed industrial
collaboration, BAe, ICL, Logica and MOD. The core group also recognised a need for and
organised a seriesof three FEAST workshopsat Imperial [fea94,5] whose main ideawas to expose
the hypothesis and underlying concepts to awide international forum.

The specific conceptual difficulty encountered by the core group in itsdiscussions related to the fact
that in analysing feedback in the software process one must take cognizance of the distinction
between feedback control and information feedback which the recipient absorbs (perhaps),
interprets (correctly or incorrectly) and acts upon or ignores. Control feedback we can hope to
analyse and model in a systematic and rigorous fashion. After all thishas been donefor many years
in, for example, control theory applied to economic modelling [bec94] and, more recently, in
studying and seeking to improve business processes [oul95]. Information feedback on the other
hand, poses more difficult problems. Person to person information flow is clearly not amenable to
rigorous analysis. Psychologists might care to attach different probabilities to various reactions. The
software engineer can hardly expect to provide a meaningful model. When it comes to the
consequences of cumulative information flow in thelarger processthe situation may be alittle more
hopeful. Despite the fact that each individual acts on his or her own in decision taking they do take
information received into account. With numerous individual s taking numerous decisions one may
ask whether the net result in their impact on the processis not, in some sense, normally distributed.
Thiswas, in fact, precisely the approach taken in seeking to explain the third law [leh78,80a] and
was shown to be the casein, at least, one instance [cho81].

A brief synopsis of the core group discussions and conclusions may be found in [I1eh963)].

6 Preliminary Results

Systematic work on the project according to the current plan [Ieh96b] must await its formal start in
the Autumn of this year. But some small progress has already been made. In particular, Logica plc,
has given us growth data on one of their system. This banking transaction system with some one
hundred user sites has now seen over twenty documented releases and sub releases. That is the
records extend to atotal of twenty three release sequence numbers (RSN). Figure 2 plotssystem size
modules as a function of the RSN.
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Figure 2. The growth of System FW

This curve has strong similaritieswith the OS/360 growth curve reproduced in figure 1. It provides,
therefore additional circumstantial real world evidence that the software processis self stabilising.
This data would seem to negate the 1970s suggestion that, for the reasons summarised in section 3
inferences from OS/360 or 1970s datawere not more widely applicable. At first glance at least the
data as plotted appears to support the first and/or sixth and third laws directly. A final judgment
must of course await detailed exploration of thisand of further data which will become available
once the project isunder way. For example, whether the observed growth is due to the first or sixth
law phenomenon, or to both will require detailed examination of the changes applied to each
release.

A brief analysisby Turski of the minimal data of figure one [tur96] has also proved most valuable
produced a truly remarkableresult. In summary he has shown that, despite the ripples, the data fits
very closely to what he has termed aninverse square growth law. That isif Siisthe size in modules
of the release with RSN i:

Sii=S+E/S2, (1<i<n-1)

where Ei is a constant that represent the work done (in unidentified units) to take the system from
RSNi to RSNi-1 and E is the average Ei computed across the full set of observed values. The
closeness of thefit isillustrated in figure 3.
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Figure 3. Difference between Actua size and Inverse System Size Prediction for FW

Thisrelationship is, of course, entirely compatiblewith the view that growing complexity (second
law) is a constraining growth factor. Perhaps just as significant is the fact that such a square law
growthis very typical of a system dominated by itsown system dynamics. The ability to closely fit
a constant effort parameter E appears equally to support the third law. So the data plotted in figures
2 and 3 provides further circumstantial support for the laws and the hypothesis. Perhaps the most
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astonishing result obtained by Turski wasin relation to the constant E. He computed E in the first
instance from all twenty pairs of datapointsi =1toi = 23.

An even moreimpressive initial result obtained by Turski isillustrated by figure 4. This showsthe
average error in size prediction and its standard deviation if E is estimated from the first j data point
pairs (p <j < 20).
Mean Error in I_Sci‘géc\i/ichWEf%rS{elgnarameter Based
on Varying Number of RSN
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Number of Data Points Used for
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Figure 4. Difference between Actua size and Inverse System Size Prediction for FW

This suggeststhat, at least for FW, the system dynamics is so strong that its parametersare fixed
quite early in the life cycle of the evolving system. Thisis aremarkable result which, if verified for
other systems, has profound implications on system evolution, its planning and management.

7 Summary

It is not possible to do more than to provide these initial resultsin this paper. The size data as
presented above, and possible fits, needs further examination. Additional dataon FW is required.
Similar data from other systems, different organisations and different developments must be
obtained and analysed. Further the above black box approach must be complemented by a white
box, or systems dynamics, approach, to identify the nature of global software process structure, to
isolate feedback loops, to determine their characteristics and how they constrain process
improvement. Aboveall, if it isdemonstrated that the feedback control phenomenon iswidespread,
the software process is constrained by the process dynamics, means must be developed for the
mastery and exploitation of that knowledge and understanding.
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