Process Improvement - The Way Forward

M M Lehman
Department of Computing
Imperial College
London SW7 2BZ
tel: +44 (0)171 594 8214
fax: +44 (0)171 594 8215
mml @doc.ic.ac.uk

Abstract

The paper briefly reviews the difficulties encountered in achieving further major improvement in
some aspects of the software evolution process. Thismay, it is suggested, be due, in part, to the fact
that the global processis a complex, multi loop multilevel feedback system. After summarising the
results of a 1970s study and the laws of software evolution that arose fromit, the paper introduces a
FEAST hypothesis. This assertsthat the global software process for E-type systems is such a multi
loop feedback system and displaysthe properties associated with such systems. Early results from
the FEAST study culminating in the FEAST/1 project started in October 1996 are outlined. The
support these results provide for the original five Laws of Software Evolution and for three
extensionsare also indicated. The FEAST/1 project isto explore the phenomenon in depth through
modelling of a number of industrial projectsand will seek to demonstrate itsimpact. The early work
of the 1970s concentrating primarily on OS/360 as confirmed by the FEAST results obtained to date
suggest that mastery of the process as a feedback system is key to further process improvement.

1 Software Process | mprovement

1.1 Overview

In their early years digital computers were primarily regarded as tools for the automation of
numerical computation. In the subsequent, now over forty, years of evolution of digital computing,
applicationsand their operational domains have been extended intheir variety, in the detail in which
they are addressed and in the extend to which the computer system is integrated with and into the
application, its operational environment and the activitiesof the humansin that environment. This
growth isreflected in the range of functionality of current operational systems. The size, functional
complexity and structural complexity of the software developed and successfully used has increased
by several ordersof magnitude. Thisis reflected in an even greater increase in the number, variety
and operational complexity of the featuresincorporated in the software. The operational domain, the
application, activitiesin that domain and the characteristics of the humans and mechanisms involved
are reflected in the software in ever greater detail. The intimate coupling between the software, the
operational environment and the humans in that environment as reflected in the growing complexity
of the interface.

The search for improvement in the software evolution process' can be traced back to the very
beginning of digital computersand of programming. In the prefaceto their book The Preparation of
Programs for an Electronic Digital Computer, [wil51] Wilkes, Wheeler and Gill wrote, in
connection with their invention of the concept of subroutines, "The methods of preparing programs
for 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
requireonly a few hours of computing timeas well asfor those which require many hours ..."? The
search for improvement has been in the forefront of programming research and development ever
since, though the term processimprovement has only come into common usage in the last decade.
Innovations relating to attributes such as programming productivity, product quality, process
predictability and responsiveness indicate the success of that search. They include high level
languages, structured programming, abstract data types, new programming paradigms, formal
methods, metrics, CASE, support environments, process modelling, model based process
improvement and so on. The list isendless.

! At the highest level of detail processes of software development and maintenance are equivalent sharing a common underlying
paradigm [leh84]. Each, in its own way, achieves system evolution. Hence, unless otherwise stated, the term software evolution
process or processin short as used throughout this paper includes both activities.

% This author's italics
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There have, unfortunately, been few studies that provide convincing quantitative data on the actual
benefit that such innovations yield. The awesome increase since the early days of computing in
functional complexity and power of software systems being developed, used and maintained testifies
to the fact that major progress has been made. So does the fact that development times and software
costs have, in many instances, decreased significantly. But maintenanceactivity remains asintensive
as ever, time to delivery and the ultimate cost of software development projectsis still not reliably
predictable, functionality and quality of early releases of a system are below specification, often
below par. There continueto betoo many cases of unsatisfactory or even incorrect system behaviour
after installation, too many disastrous failures, too many projects that never deliver.

Thisisnot to suggest that individual process innovationsdid not represent atechnological advance.
They clearly yielded local improvement in one way or another, that is at the point of application.
Use of high level languages, for example, led to increases in the average rate of code generation of
order fiveor so. Further significant benefit resulted from the increased understandability that the use
of higher level languages yields and the consequent improvement in the quality, structure,
maintainability and evolvability of code. These aspects|ed to significant reductionsin development
time, reduced need for fault fixing maintenance and so to growth in productivity over system
lifetime. But their adoption has not solved the overall software problem. asindicated in the previous
paragraph. Formal methods have prospered in academic research. They provide the rationaleand a
methodological base for many CASE tools. But their contribution to industrial effectivenessis
limited. CASE toolsyield local benefit to their users through the methods they make available and
by the rigour they impose. Yet they have not made a magor impact on industrial software
development effectiveness. And so it goes on.

Introduction of such innovations has generally been based on the argument that their generad
adoption by industry will, once and for all, end the software crisis. Failure to live up to this
expectation can be rationalised and individually explained. That path is not pursued in the present
paper. The fact remains that general experienceover innovations, over organisations, over different
process structures and application areas is that global benefit derived from the introduction of an
individual improvement is much more limited than might be expected from itsimpact at the local
level. This suggests that it will be more profitable to seek a common explanation. It would seem
likely that some intrinsic property of the process is constraining improvement of the global process
followed to develop or adapt an operational computer system to satisfactorily address market needs.

The most obvious explanation is that expectations of innovators are often unreasonable. But that
hardly explains the slow progress in achieving major improvement in overall effectiveness of the
total process from conception to system operation and its subsequent evolution. Clearly also the
introduction of individual languages, methods, tools, paradigms or programming steps or activities
impacts only a small portion of the total effort required to take a system from conception to
deployment in the field. Consider, for example, doubling the effectiveness, that is halving the
duration, of an individual activity through the introduction of a new or improved language, method
or tool. In a primitive process that step might have originally absorbed 50% of the total process
effort - work expended or time required - to take the product from conception to installation in the
field. The total process effort or duration is therefore reduced by 33%, a visible and significant
improvement. In today's more sophisticated industrial processes few, if any, steps represent more
than, say, 5% of the total effort from start to finish. Thus the externally visibleimpact of the same
improvement would be of order well under 3%, atrivial improvement relative to the 50% local gain.
Indeed it would probably be lost in the noise, the variations that occur from process to process due
to variations in environmental, including project, conditions. If improvement is measured in terms of
quality a similar argument applies. The impact of the quality achieved in individual stepson global
quality is likely to vary considerably. The contributions of individual stepsto achieving a quality
product and on the effective productivity of individual stepsis likely to vary widely between steps
but will also be much smaller at the global level than locally.

Other explanations are also possible but will not be discussed here [Ieh95]. Instead, attention is
drawn to a constraint which, with hindsight, is amost self evident. The phenomenon from which
underliesit wasfirst identified over 25 years ago but only recently has the penny dropped.

9/4/97, 5:11 pm 2 mmI565[ papers]



1.2 Recent Developmentsin the Search for Process | mprovement
The very first recognition of and advance in process improvement was almost certainly in the 1951
book by Wilkeset al as quoted above, referring to their "invention” of the concept and management
of subroutines in the context of the Cambridge University EDSAC development [wil51].

Until recently the approach to further improvement was indirect. Research and development interest
concentrated, in general, on specific artifacts of or activities in the software development process.
Process maintenance received scant attention. The early focus was on procedural programming
languages, considering both level and style. With regard to the former, languages have advanced
from binary codes and machine languages, through assembly languages to a large variety of (so
called) high and very high level languages. Alternative paradigms have also been explored. In
general, however, procedural programming has not been displacedin primary industrial usage other
approaches, functional programming via transformation or logic programming, for example, have
been widely explored and applied. Over the years conceptsrelating to the syntax, semanticsand use
of programming languages have emerged. Examples include structured programming [dij68, knu74,
you79], successive refinement [wir71] or, more recently, object orientation [boo86]. Together these
led the way to more detailed consideration of the overall technical programming process.

It was, for example, successively recognised over many years that program development must be
preceded by a design activity, that thismust be preceded by development of aspecification and that
this, in turn, must be based on a requirements statement which itself had been derived from a
requirements analysis. More recently the need for an initial application domain analysis has been
recognised though this may well be just another term for what had previously been termed systems
analysis.. Activitiesto implement these needs were then developed, initially on an ad hoc basis, and
added to, in general, awaterfall [roy70, boe76] type process.

And so with other aspects of the software process. The need to understand and improve it was
recognised from the beginning of the digital computer age [wil51, ben56, 1eh69, roy70, boe76]. The
discussion at the NATO Software Engineering conferences [nau69], [bux70] should also not be
overlooked. Wider awarenesswas triggered by aseries of International Process Workshops, the first
of which was held in 1984 [spw84]. A keynote lecture by Osterweil [0st86,97] and a response to
thereto [1eh86,97] triggered strong interest in modelling the process, particularly in academia. The
primary focus of the modelling effort was on understanding the process as such. The search for
further significant improvement was, however, never far away. More conscious and directed work
on process improvement was a direct outcome of research and development at the Software
Engineering Institute (SEI) at Carnegie Mellon University. This culminated in their CMM models,
related improvement technology and the emergence of an international SPIN (Software Process
Improvement Network) movement.

2. The Laws of Softwar e Evolution

A 1968/9 study of the IBM programming process[leh69]® provided, inter alia, quantitative data on
various attributesrelating to successive releases of IBM's operating system OS/360 and on the effort
expended in going from release to release. As data on further releases became available a series of
models reflecting the growth trends of the system and attributes of the process whereby it was being
evolved [1eh85] were developed. Their analysis led, in turn, to a descriptive phenomenology. This
suggested that behaviour reflected in the observations was primarily due to the influences of human
and organisational factors. That is, the characteristics of system evolution were largely determined
by factors other than the process and technology being used to achieve that evolution. This
observation and its implications were summarised and encapsulated in a series of behavioural
statements, that were exogenous to the technology being used in the evolution process. From the
point of view of the software engineer they were therefore to be viewed as laws..

The first three of these laws were formulated in the mid seventies [Ieh74] and discussed in greater
detail in 1978 [leh78]. Two further lawswere introducedin 1980 [1eh80a]. A sixth wasintroduced in
a subsequent footnote [Ieh91]. The remaining two while publicly discussed have only recently been

® Referencesidentified by a* in the listing are reprinted in [Ieh85].
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published [leh96c]. As restated” explicitly below the laws relate to E-type systems[leh80b] that is,
broadly speaking, to software systemsthat solve a problem or implement a computer applicationin
the real world.

No. Brief Name Law

| |Continuing Change An E-type program that is used must be continually adapted else it
1974 becomes progressively less satisfactory

Il |[Increasing Complexity  |Asan E-type program evolves its complexity increases unless work
1974 is done to maintain or reduce it

Il |Self Regulation The E-type program evolution processis self regulating. Distribution
1974 of product and process attribute measures are close to normal

IV |Conservation of The average effective global activity rate on an evolving E-type

1980|Organisational Stability |system isinvariant over the product lifetime
(invariant work rate)

V |Conservation of During the active life of an evolving E-type program the average
1980 Familiarity content of successive releasesisinvariant
V11 |Continuing Growth The functional content of an E-type program must be continually
1980 increased to maintain user satisfaction over itslifetime
VIl [Declining Quality E-type programs will be perceived as of declining quality unless
1996 rigorously maintained and adapted to a changing operational

environment

VI [Feedback System E-type programming processes constitute multilevel, multi loop,
1996 feedback systems and must be treated as such to achieve significant

improvement over any reasonable base

Tablel. Laws of Software Evolution

A recent review [1eh96b] extends the earlier [1eh78,80] discussion. The present paper is oriented to
software process improvement and, therefore, addresses the laws only to the extent relevant in that
context. The eighth law, in particular, is central to its principal thesis sinceit states the fact that the
E-type evolution processis intrinsically a feedback system. As is shown below, effective change of
that process, with whatever objective, requires understanding of the feedback characteristics and the
means whereby these can, and normally must, be adjusted to achieve the desired objective. As new
datais obtained, is shown to be consistent with the laws and provides further understanding of and
insight into software process phenomenology, it suggestsever more clearly that the other seven laws
are a consequence of the eighth law, that is the feedback property or, at least, closely linked to it.

3 Software Evolution

The 1970s study included the feedback property 1972 [bel 72]. Discussing an earlier version of the
0S/360 IBM operating system growth curve reproduced in figure 1, it was observed that, "... the
ripple istypical of aself stabilising process with positive and negative feedback loops. From the
long-term point of view the rate of system growth is self-regulatory, despite the 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 ...".

As observed in the quotation above theripple in this plot suggested that negative feedback may be
an indicator of self regulation of OS/360 evolution. The chaotic (in a strictly technical sense)
behaviour exhibited over the final releases is, similarly, likely to have been due to feedback. It
appears to reflect instability resulting from the positive feedback that led to pressure for excessive
functiona growth in evolving release 20 from release 19.

In summarising the observationsto that time it was subsequently suggested [Ieh78] that one should
"... 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 leadsto an organisation and a process dominated by feedback ... with long
rangetrends ... and invariances ...". And that was how the matter was | eft.

* Numbered in order of formulation and publication. Over the years the names and wording of the laws have been modified. The
fundamental understanding they reflect remains, however, essentially the same although the focus of attention may have shifted.

9/4/97, 5:11 pm 4 mmI565[ papers]



0S/360 Size in Modules
8000 -

7000 .
6000 -
5000
4000 | .

3000 - .

Size in Modules

2000 - o®

1000 E (R

0:\\\\\\\\\\\\\\\\\\\\\\\\\\
0 2 4 6 8 10 12 14 16 18 20 22 24 26

Release Sequence No.

Figure 1. The growth of OS/360

4 The Search for Softwar e Process | mprovement

As pointed out in section 1, the search for improvement of the constituent parts of the software
processis amost as old as digital computing itself. Early interest in process improvement, and by
implication, in the software process led to widespread development and application of software
process models and meta-models. The later were perceived as useful for, for example, driving
project support environments and for the study, control and improvement of the process
improvement process. These have now led to disciplined procedures for process improvement
spearheaded by the Software Engineering Institute of Carnegie Mellon-University. The CMM
[pau93]and other models now provide the foundation for world wide activity as typified by the
international Software Process Improvement network. It seeks to improve the industrial process of
software development and evolution (maintenance) by one or more orders of magnitude [maj93].

Little, if any, real, quantitative assessment has been undertaken of the effectivenessif the various
approaches taken to process improvement or of the tools that support them. As is normal in
computer science and software engineering, each of them hasits ardent advocates. On the other hand
there are those who have serious concerns and reservations[gra96]. It is, however, apparent that
much of the improvement effortsto date has concentrated on what the CMM model classifies as
levels zero, one and, to a lesser extent, two. Thus the successes reported are also from and to these
lower levels. Thisis, of course, not surprising. For onething, the majority of industrial development
processes operate at these low levels. Even where an individual groups or sub organisations have
succeeded in improving their process to level three or above, processes in the remainder of the
organisation will, at best, be striving to emulate them. Moreover, it is more straight forward to
improve primitive processesand, seemingly also more important in terms of business effectiveness
and success. Large corporations and those developing major systems, particularly such as operate in
thereal time and safety critical areas, have, on the other hand much higher stakes, including human
lives. Many such organisations are, therefore making major investment in the search for software
improvement.

Interestingly, there may be an additional reason, why major success in process improvement
appears, for the moment, to have been concentrated at the lower end of the process effectiveness
scale. The realisation that the software process constitutes a multi loop, multi loop, multi agent
feedback system brings with it a fundamental property to be developed and briefly discussedin the
remaining sections of this paper. The FEAST hypothesisto be introduced in the next section
includes the observation that, in general, the externally visible behaviour and performance of a
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feedback system is unlikely to be significantly changed by changes to the forward path alone. The
feedback paths and their mechanisms must also be adapted to permit full benefit, or even any benefit
at all, being derived from forward path changes.

This leads to the question already raised "Why, despite the major effort and enormous resources
invested worldwide in the development of languages, methods, support tools and, most recently,
process improvement and despite the many resultant innovationsin methodology [gri 78], process
organisation, process support and project management does industrial software systems
development still suffer major problems? Why, except for primitive processes, is it so difficult to
achieve significant improvement in global process attributes?’ It is now suggested that it is due to
the fact current approaches have, in general, not taken cognizance of the feedback nature of the
global process system, as expressed, for example, in the eighth law. The failure of individual
innovations as previously identified [leh95,6¢]. to yield significant improvements at the global
processlevel, suggeststhat thisislikely to be adirect consequence of thefeedback |oops that engulf
them and thefeedback mechanismsthat control them. Thistopic isthe core of an ongoing (1996 - 8)
project FEAST/1 (Feedback, Evolution And Software Technology) project as outlined below.

5 FEAST

5.1 Feedback Systems

It is undeniable that the global E-type software evolution process contains a large number of
feedback loops. Provide for and result in information sharing and control, some formal some
informal. They exploit both formal and informal communication links and control mechanisms.
Together the global aggregate provides the basis of an E-type process that constitutes a complex
feedback system. The feedback involves project management, technical development, quality
assurance, system validation, process design, its support and control, user support and many other
activities. It also involves many levels of corporate personnel including corporate executives,
marketeers and so on. Equally, it involves, each at the appropriate level of interaction, organisational
and individual users The direction, quality, effectiveness and output of the process is a complex
function of the directives, control and information flow between these many agentsand between the
agencies within which they work. Thisinformation flow drives and guides the process, seeking to
motivate, direct and control it. Positive feedback signals trigger or accelerate growth. They may lead
to instability. Negative feedback, on the other hand, stabilises. When applied over some forward
path element, beit asingle mechanism or a subsystem, changesin its output in responseto changes
in its characteristics or makeup are reduced by approximately the gain in the feedback loop. The
preciseimpact depends, of course, also on the delay or phase shiftin the loop. By applying negative
feedback, checks and balances for example, one achieves global stability in the face of changesin
the characteristics of individual elements.

By analogy with other feedback systems and from an understanding of their characteristics and meta
behaviour it should be expected that the software process has characteristics such as the following.
With many feedback pathsin a system, the relationship between internal changes and observable
external behaviour isthus most complex. Characteristicsof communication paths between elements,
of control paths and of internal interactions all influence that relationship. Replacement of an
element with one having different characteristics, even addition of a new element, may, therefore,
make no significant or even perceptible difference to observed global behaviour outside the
immediate region where the change was introduced. Changesto forward path elements alone have a
far smaller global impact than analysis of the local impact would suggest and islikely to besmall in
relation to the magnitude of the elemental change. As suggested in the previous section, adjustment
of the feedback paths and/or mechanismsthat contain system elements being changed isrequired if
the local changes are to have global impact. The precise nature of changes required is neither ssmple
nor self evident.

These facts more than suffice to explain the resistance of the global software process to change.
They represent and explain precisely what is observed in the software evolution process, supporting
the assertion derived from structural analysis that the process constitutesa feedback system. As such
it must, therefore, be expected to display basic feedback system properties. The impact of internal
changes to process mechanisms will inevitably be constrained by the feedback paths in the process
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and the organisationswithin it is embedded and applied. The visible benefit derived from the
introduction of improved languages, methods, procedures or tools in the forward, development path
of the process can only have limited impact. Locally an innovation, whatever its nature, might prove
to be most beneficial, yielding significant improvement in productivity, quality, responsiveness or
whatever. But such gain will, generally, be attenuated or even negated by the feedback mechanisms
that certainly modify, and may largely determine, overall process characteristics.

5.2 Process | mprovement

Once it has been accepted that the software process is a feedback system, it becomes obvious that
efforts directedto its improvement cannot focus exclusively on forward path technical development.
Nor is it sufficient to extend consideration to definitional stepssuch as requirements engineering or
system specification and design. Communication channels between all such technical development
activities, between them and the organisations within which they are embedded and between both
these and the user community they seek to serve, must be considered. These channels include feed
forward and feedback control mechanisms. It is their joint operation that determines the
characteristics of the global processand it isimprovement of this total processwhich bringsthe real
gain. To achieve such improvement and to seek maximisation of the benefit, requirestuning of the
total system.

Improvement efforts must consider development and control influences stemming from all
organisational levels. Executive management sets global goals. Local management sets operational
objectives. As aresult of changesin the economic climate, in business needs, in the development
and operational environments, long term goals, immediate targets and even strategies are changed.
Marketing, sales and user support feed back information and requests that impact the process.
Software engineering activity that defines and controls the process, its support and progress of the
product through its various stages of development exercisesignificant influence. All impact product
and process goals, product distribution, installation and introduction into usage and the details of the
product evolution process. Their reactions and influence must be taken into account when process
changes are proposed. Much of that influence is achieved via feedback, whether in the form of
control or as information that influences local decision taking.

Software products are never an end in themselves. They are a means to an end. The real benefit
accrues from the use of the software. This benefits development and client organisations, the user
community and beyond. All exert pressure via feedback, each seeking to maximise the benefit as
measured in its own terms. For asystem as complex as the software processthe feedback inevitably
impacts system, that is process, behaviour in unintended and unforeseen ways. Elimination of this
uncertainty requires mastery of the process dynamics to permit control of its behaviour.

5.3 The FEAST Hypothesis

The ignoring of feedback in the software improvement process explains why major improvement
has been difficulty to achieve. It, must however, remain a hypothesis until supporting evidence is
obtained or until proven false. A study of industrial processes can provide such evidence through
identification of loops, their inclusionin process models and identification of the constraintsthey
impose. Doing this opens the way to methods for representing, modifying and exploiting process
dynamics, a new approach to process improvement and prospects for new support tools. The
hypothesiswill also become the basis for a theory of the software process and of software product
and process evolution. Achievement of even apart of all thiswould constitute significant progress.

The seed for such a study has been formalised in a hypothesis named the FEAST hypothesis. It
expresses the observations and insights outlined above. It has devel oped from the 1970s observation,
their reflection in the laws outlined above and on more recent insights. It has been widely presented
and discussed. As a result itsformulation has changed somewhat since first proposed [fea94]. Other
versions appear in [fea94/5], [1eh95,96b]. The most recent follows.

Hypothesis
* As complex feedback systems, E-type software processes evolve strong system dynamics and
with it the global stability characteristics of other feedback systems. Consequent stabilisation
effects are likely to constrain efforts at process improvement.
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Supporting observation
* Industrial processes evolve, developing, inter alia, positive feedback to drive organisational
progress and growth, and negative feedback controls to provide checks and balances.

The hypothesis implies three assertions:
| The software evolution process for E-type systemsis a complex feedback system.

Il However effectiveforward path changesto the process may appear locally, negative feedback
will constrain the global benefit they yield. (Appropriate positive feedback may increase the
benefit but must be meticulously controlled to avoid instability.

11 Major improvement to the process requires the knowledge and ability to change its dynamics
by modification and tuning of its feedback structure and mechanisms.

A lemma also follows:

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

6 FEAST/1

The FEAST hypothesis and the phenomenological analysis from which it was derived have their
roots in the original programming process study [1eh69]. This was strengthened and extended by
subsequent observations of OS/360 and other systems as summarised in section 3 above and as
discussed over the years in greater detail in the quoted references. More recent pondering about the
apparent difficulty in achieving process improvement led to identification of the process as a
feedback system, to recognition of theresistance to change that thisimplies and, hence, to the formal
hypothesis statement. It has now triggered a systematicinvestigation, FEAST/1, intended to confirm
the validity and relevance of the hypothesisand develop meansfor its exploitation. The study should
also provide atheoretical base and framework for process improvement, theory that islong overdue.

Three workshops [fea94,5] held at Imperial College with international participation over the past
two years have laid the foundations for such an investigation. Their main goal was to expose the
hypothesis and underlying conceptsto a wide forum, to arouse interest and to lay foundations for
one or more international collaborative projectsthat would conclusively addresswhat is recognised
as adifficult, multi-disciplinary, challenge.

The ground work for these workshopsand for FEAST/1 was undertaken by a core group consisting
of ProfessorsV Stenningand W M Turski, Dr D E Perry and the present author. This group has
been meeting at intervals over the last two years to clarify the hypothesis, the basic concepts that
underlie it and the nature of an investigation needed to demonstrate its validity, significance and
potential. Their discussion concentrated on issues such as the meaning of positive and negative
feedback in the software process context, differences between control and information feedback, a
search for examples of the phenomenon and how it might be investigated [Ieh96a]. Their
conclusions included hypothetical instances of feedback based on their understanding of typical
industrial processes. Examples based on real experiencein actual processes proved more illusive.
The study of industrial projectsis, clearly, of high priority in any systematic investigation.

A proposal was prepared [leh96b] and the two year FEAST/1 project is now funded by EPSRC
under grants numbers GR/K86008 and GR/L07437. It will commence in the Autumn of 1996 with
Professors B Rustem, V Stenning and the present author as Principle Investigators. The industrial
collaborators are BAe, ICL, Logica and MOD. These organisationswill provide access to real
software development and evolution processes for study. Logica has indeed done so even before the
project has formally commenced. The full study will involve observation of several of the
collaborators' projects, identification of feedback paths and mechanisms, the construction of black
box models that identify growth and other trends, white box models of the process dynamics and
other models of system behaviour. Together these will permit assessment of the impact of feedback
and any constraintsit imposes on the benefit to be derived from improvement to elements of the
processes studied. This, in turn, must lead to proposals for process improvements that can first be
tried out and evaluated in the collaborators' environments and then generalised.

The overall goal of FEAST/1 is to demonstrate that adoption and exploitation of the feedback
perspective significantly enhances the ability to improve the software process. Subgoals will:
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(&) provide objective evidence that feedback phenomena and the consequent systems dynamics
have substantial impact in the software process,

(b) demonstrate that the phenomena can be exploited both for the management of industrial
processes and for their improvement,

(c) produce justification for a more substantial, interdisciplinary, study based on the feedback
perspective.

In addressing these goals specific objectives are to:

(i) provide models of the long term (multi-release) behaviour of industrial software processes
and their products that are more extensive and precise than any hitherto available,
(ii) provide calibrated and validated system dynamics models of development processes for
individual software releases,
(iii) use these models to expose feedback phenomena and their impact within such processes,
(iv) demonstrate the predictive capability of the models,
(v) identify processimprovements to the collaborators processes suggested by the models and
assess their impact in practice,
(vi) demonstrate the need for further studies and define their nature.

7 Information Feedback and Feedback Control

The previous discussion has talked glibly of feedback with only brief reference to the very different
concepts of information and control feedback. The former may or may not be absorbed by each
recipient, may be correctly or incorrectly interpreted and may be acted upon or ignored. Analysis of
its role and consequences is a matter for the various soft disciplines that address human and
organisational behaviour, psychology, management science, organisation theory and so on. Person
to person information flow is clearly not amenable to rigorousanalysis. Psychologists might care to
attach different probabilitiesto various reactions. The software engineer should not be expected to
provide a meaningful model. Collective information flow in the global process should, on the other
hand, be more amenable to analysis. Despite the fact one cannot predict precisely the decisions or
actionsto be taken by each individual one may assume that information received will, somehow, be
taken into account. Thus with many individuals taking numerous decisions, data that reflects the
impact on the process asawhole is, in some sense, normally distributed. This was, in fact, precisely
the phenomenological interpretation that resulted in formulation of the third law [I1eh78,80a]. It was
shown to be the casein, at least, one instance [cho81].

It is concluded that information feedback, though clearly relevant to the overall FEAST
investigation, requires an interdisciplinary approach for which the time is not yet ripe. The
legitimacy of the hypothesis, its implications and its exploitability must first be demonstrated to
generate support for such an approach. In the interim, human observation, action and reaction must
be accepted as an integral part of and influence on organisational behaviour and, in particular, on the
system dynamics. It must therefore be reflected in models of the global process. It is currently
assumed that in FEAST/1 it will be included through statistical distributions and/or stochastic inputs.

On the basis of results already obtained and of work in other areas the immediate prospects for
successful systematic and rigorous analysis of control feedback in the software process are more
realistic. Such analyses have, after all, been undertaken for many years in, for example, control
theory applied to economic modelling [bec94] and, more recently, in studying and seeking to
improve business processes [sen90]. Moreover, the pioneering work of Abdel Hamid and Madnick
in modelling and analysing the dynamics of software project management indicates [abd91] that
such techniques may be usefully applied in the software process area even if communication flow,
forward and backward, cannot be precisely or predictably modelled at the individual or small group
level. Clear understanding of the dynamicsthat controls an active software process, will open up
new approachesto significant processimprovement. That thisislikely to happen was suggested by
the 1970s data and has now been confirmed by results obtained in preparation for FEAST/1.

8 Preliminary Results

Preliminary results from the analysis of a Logicaplc banking transaction system, FS, are already
available. This 5 year old system installed on some one hundred user sites has seen over twenty
documented releases and sub releases. Data records start at release 3 and extend over a total of
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twenty one release sequence numbers (rsn). Note that, as discussed in the above publications,
software process black box analyses such as that to be briefly outlined here are usefully based on a
pseudo time variable such asrsn. This permitsconsistent consideration of releases and sub releases
in the system evolution path. The use of the rsnis also more meaningful in this black box context
because the moment of release represents a point of functional, design and textual system stability in
an otherwise continuously changing environment. This black box analysis is similarly, based on
module rather than the more usual lines of code (locs) count. Module counts are more rational
because modules have more functional integrity in the context of system behaviour then do
individual locs. More meaning can, therefore, be attached to them. The OS/360 investigations did
demonstrate that analyses based on calendar time and locs produced results not significantly
different from those that are rsn and module based. The latter are simply smoother.

Figure 2 shows the growth of FW in modules as a function of the rel ease sequence number.

Sizein Logica FW System
Modules Growth by rsn
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Figure 2. Growth of the FW System

This growth curve is reminiscent of that of OS/360 shown in figure 1 in at least two respects. It
clearly supports the sixth law of Continuing Growth. Futhermore it also displays the ripple effect
that first suggested the self stabilising behaviour of the software process, though it is far more
pronounced than that for OS/360. FW therefore provides further evidence in support of the third law,
Self Regulation and the eighth law which identifies the software process as a feedback system.
These represent, of course, different aspects of the same underlying phenomenon. Finally, as a non
IBM, non operating system, evolved using 1990s process technology FW also negates the 1970s
suggestion that inferences from OS/360 are not generally applicable [leh96c].

Turski [tur96] hasinvestigated a number of different fits to the data plotted in figure 1. He has
shown that an inverse sgquare relationship provides a remarkably good model of the main trend on
which the ripple is superimposed. Given Si as the size in modules of the release with sequence
number "i", hisinverse square growth law states that:

S+1=S +E/S? (1<i<20) [1]

E is an effort constant that represents the work done (in unidentified units) to take the system from
one releaseto the next. Itis the average of individual Ei computed acrossthe set of observed system
size from S1to S21 as in equation [2] below. The inverse square relationship is supportive of the
second law, Increasing Complexity and is typical of a system whose behaviour over time is
dominated by its system dynamics.
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An indication of the closenessof thefit isprovided by figure 3. Note that although equation [1] does
not (yet) include aripple component, the latter settles downto an amplitude less than 10% of system
size and approaching constancy. This close fit with a constant parameter E provides further support
for the third law. More generally, the data plottedin figures 2 and 3 provides support for several of
the laws as summarised in table 2 in section 9.
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Figure 3. Difference between actual size and inverse square size prediction for FW

For the above plot, the constant "effort" parameter E has been computed as the average of the 20 Ei
obtained by applying equation [2] as derived from [1] to the 21 data points from rsn 1 to rsn 21.

Ei=(S+1- S1)/ .13'(US?) (1<i<20) [2]

Figure 3 suggests that the first 5 or so pointsare outliers that result inlarger differencesbetween the
inverse square prediction based on E and actual values. Thereafter the errors appear to cycle around
an average value that has converged to a value close to zero. This behaviour is entirely consistent
with the fifth law, Conservation of Organisational Stability. It is also consistent with the the eighth
law and the feedback hypothesis. The outliers are, therefore, not to be seen as exceptions. They
represent the preliminary release process during which the system dynamic parameters are being
established. Figures4 and 5 will show just how quickly and how firmly the dynamicsis established.
Beyond that point the dynamicstakes over. Human action as, for example, in determining of the
content of each release, has only a second order effect on the dynamics of growth. An improved
model for future FSrelease planning can, therefore, be obtained by ignoring the build up period and
computing E from data beginning withrsn 6 and 7.

Turski pursued adifferent line of investigation to investigate the strength of the dynamics [tur96]. In
the first instance he had computed E from all twenty pairs of data pointsi = 1to i = 21 as indicated
by [2]. He then asked the question "How fast is the dynamics established? How many data pairsare
required before E has settled to a reasonably constant value?' Equivaently, from how many data
point pairs starting with rsn 1 must E be computed to achieve a good estimate for E and an
appropriately low standard deviation of the inverse square size prediction? The answer to these
guestionsis illustrated by figure 4. This shows the average error in size prediction and its standard
deviation derived from estimating E by using successive subsets of j data point 2< j < 20. The plot
confirms the conclusions reached in the comments on figure 3 and indicates the strength of the
system dynamics effect. The dynamic parameter is firmly established after only some four or five
releases. Thisis a most remarkable result. More statistical evaluation and similar data from other
systems s, however, required before the conclusions can be generalised with full confidence.
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Logica FW System
Mean error and st. dev. of size for E
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Figure4. Mean error and standard deviation in size prediction for E
based on full data set

Repeating the experiment with the five initial outliers excluded as in figure 5 strengthens the
conclusions, confirming the strength of the dynamics.

Logica FW System
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Figure5. Mean error and standard deviation in size prediction for E on data
set that excludes the 5 initial outliers- note difference in scale relative to figure 4

The plots confirm the remarkable precision of the inverse square model and the constancy of
"effort", as per the fourth law. In the absence of an alternative explanation, a standard deviation and
average absolute error (ignoring the ripple) which is almost constant at under 80 modules for a
system growing from 1800 to 2300 modules indicates the strength of the dynamics. Additional work
is required to superimpose a fit to the ripple on the inverse square fit to produce an even better
model. The FEAST/1 investigation will address these matters and seek general solutions.

Finally the absolute and average growth per release must be considered. Figure 6, indicates that the
former also displays regularity. After the initial releases, the average appears well defined as

9/4/97, 5:11 pm 12 mmI565[ papers]



predicted by the fifth law, Conservation of Familiarity. The observed behaviour could, however,
also be due to conservative planning by the Logica management and/or relatively constant demand
by sales personnel and clients. No firm conclusion can therefore be reached as to the support FW
data provides for the fifth law until an attempt is made in the future to implement a release that
significantly exceeds the average growth. If and when this occurs and the consequencesfor users
and on subsequent system releases is observed, resolution should be possible.

Growth in Logica FW System
Modules Incremental growth per rsn
400 ¢ o
300- 1 ®
_ |- ,| ° Iy . °
200 \ I\ UM (I o, r
100 | S SR o ‘N
o L L] 1 'y e, 4 e " ! ,’ '
0 '\5‘ \ : [ E— I‘ II\ IJ "\ "W.nOﬁj—W.
’ 3 ‘s’ \’
-1001 2%:/4 6 'g 10 12 14°16 18vw20
-200 - * . )
-300 -
Release Sequence Number
Figure 6. Incremental Growth
9 Summary

In summary, the FW data presently available and the minimal analysis so far undertaken does not
yet provide aconclusive demonstration of anything. Alternative explanations of the problemsbeing
encountered in process improvement are discussed elsewhere [leh96c¢]. But the case for feedback is
building. A more decisive judgment must await detailed exploration of more dataon more systems.
Meanwhile consideration of this first set of data has provided impressive support for the laws as
indicated in table 2.

Indicator

More investigation is required to determine whether the growth trend of fig. 2
includes adaptation and change and so supports | or only functional growth asin VI

No. | Support

I ?

The inverse square law of growth, eg. 1, constant effort parameter E, figs. 2and 3

Figures 2 and 3 but no tests for normality applied yet

v

v
v
V
?

Ability to obtain close fit with constant E in equation (1)

Figure 6 which issimilar to equivalent data in the OS/360 data. Conclusion is,
however, tentative, awaiting observation of the consequences of arelease whose
content exceeds the average by a significant amount

Demonstrated by the growth of asin figure 2 and analysis of its content

No evidence for or against
Self stabilisation asin figs. 2 and 3 and asimplied by figs. 4 and 5. Inverse square

law, eg. 1. Proof that process is a feedback system requires identification of
feedback mechanisms and cannot be inferred from quantitative data.

\%

VI v
VIl

VIl v

Table2 Support for the Laws of Software Evolution from the FW Data

The data suggests that the dynamics of FW's evolution process is strong with the growth parameter,
at least, fixed early in the life of the evolving system. If, as suggested by the phenomenological
analysis, the results from OS/360 and FW can be generalised, monitoring the initial releasesof a
system will generate data from which planning tools can be derived to identify attainable release
parameters and so facilitate significant improvement of the release planning and management

process. This, itself, represents significant improvement. More is needed and is believed possible.
mmI565[ papers]
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The potential may be illustrated by referenceto resource and cost estimation tools such as Cocomo
[boe81,95]. These tools are essentially pragmatic. They estimate future resource requirements for a
defined project on thebasis of selected parameters and past experience, not on the objective needs of
each project. The FEAST hypothesis and the process dynamics it implies fully explains their
success, why they work; why indeed it is difficult to do better. Once the dynamic parameters of an
organisation, a project or a process have been established, they determine resource expenditure and
global productivity. Cocomo works because of, not despite, the organisational dynamics. The
FEAST hypothesis is therefore a full conceptual justification for the legitimacy of the Cocomo
approach in the absence of full knowledge and understanding of the process dynamics. A model of
the dynamics of the organisation and project would provide an objective basisfor schedule and cost
estimation and prediction. In its absence organisational and project history provide a subjective
basis. Their use for objective systematic improvement is more limited. In the presence of strong
dynamics, objective assessment of resource needs or productivity rates has little meaning unless
based on the dynamic characteristics. Objective tools can emerge only when the dynamic
characteristics of an organisation and its processes are fully mastered. Only then can one hope to
change the underlying dynamics and so reveal the potential and means for process improvement.

The results reported here are persuasive but not conclusive. To broaden the FW analysis requires
more data. Its generalisation requires similar data from other systems, different organisations and
different developments. Moreover the black box approach described here must, and will in
FEAST/1, be complemented by a white box, or systems dynamics approach. This will permit
modelling of the global software process structure, the isolation of feedback mechanisms,
determination of their characteristics and identification of constraints they impose on process
improvement. Demonstration of the extent of the feedback phenomenon and of the constraints it
imposes on improvement will trigger and facilitate the development of means for its mastery and
exploitation. Success in this regard will have profound implications on system evolution, release
planning and project and process management. Mastery of the software process system dynamics
will represent a major advance in the development of a theoretical framework for software process
technology, in advancing that technology and in advancing the capability for radical process
improvement.
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