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Abstract

A 1968 study of the software process lader alia, to the observation that the softwarecess
constitutes a feedback system. Attempts atits management and improvement must take this basic fact
into consideration if optimum results are to be obtained. A project, FEAST/1, was initiated in 1996 to
examine the assertion. Its objective is to identify feedback mechanisms and controkoiitvtaee
evolution processes of several industrial collaborators, assess their impact and examine their role and
potential in process improvement. The approach being used in the study is to construlobXlack
white box (System Dynamics) and other classes of process models of selected collapsteats

on the basis of the available process evolution metrics and other global datapedmmss
components and structures.

The feedback that exists in these processes involves many humans in many rolesb$éese
interpret, communicate, listen and act (or not). Global models of their activities cannot, however, in
general, reflect the actions or behaviours of individuals. The level of detail which glolsaks
models can reflect is, therefore, limited.

As a complex multi level multi loop feedback system , the long term behavioural patterns and trends
of software processes are largely determined by its internal dynamics which, in teedback
generatedand controlled. Process models must, therefore, refleet feedbackphenomenon.
Individual human assumption and decision plays a central role in the feedback proceghées and
must be taken into account when considering the human dimension, the role and impact of people, in
and on the process. Individually this cannot be done, but the aggregate effect dhdiddyal
decisions by many people may, in general, be represented by statistical meamsn&inets,
therefore, meaningful models relating to global process behaviour over time watthangssing
individual behaviour. In practice, this is not a significant limitation since individual actions have, in
general, only local, impact on the long term performance of the global process.

The paper includes brief mention of FEAST/1 results to date and provides literature references for
further detail.

Keywords: Software Evolution, Software Process, Feedback, Feedback Control, Haolean
Process Improvement
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1 Overview

More than forty years of universal experience has showrighgie (real world) [leh80bjoftware

must undergo continuing change to remain effective. It must continually be evolved to satisfy the
conditions, needs and operational requirements of a changing environment at each mtment in
Software that is used and not evolved becomes progressively less useful. The evolution process is
executed to develop software in the first place and, subsequently, to maintain it satisfactory and of
adequate quality.

The degree to which user satisfaction can be maintained depends critically on the detailed nature and
quality of the evolution process. The make up of that process is crucial if satisfactory properties are to
be achieved in the first place and maintained under continuing change. It has, unqueshieaably,
considerably improved over a period of almost forty years but still does not meet the need. A recently
formulated hypothesis [leh94] suggested tfedbackmay be the common factor woftware
processes that explains why process innovation has had only limited ahplaetgloballevel The
feedback nature of software processes its consequencelave directimplicationsfor all
developers oE-type software. It must be noted that people play a critical role in afeduback

paths and mechanisms. Their behaviour (observation, interpretation, transmission, action, non-action,
etc), individually, in groupsand collectively, necessarily affects process behavimua will,
eventually need to be considered. It has not, in general, been addressed in software process studies. It
is now being implicitly addressed in the FEAST/1 study [leh96c] now underway.

Recognition ofthe feedback phenomenon suggests a new dimensigordoessimprovement
Substantiating the hypothesis and achieving its successful exploitation represents chatlajoge
to software engineering and many other areas. FEAST/1 is addressing these issliaisdration
with major industriabrganisationswhose processes are being studied, modelled, analyseat@nd
eventually, to be improved. Despite the fact that the role of individual humans feettigack
mechanisms is not being specifically considered at this stage significant results arabbesimey.
The results achieved to date will lmmmmarised. It is hoped that a feedback bgwedess
improvement technology, the impact of humans and a general theory of software puitease
evolution will eventually emerge.

2 Feedback, FEAST and FEAST/1
In a 1972 paper [bel72] discussing some results of a study of the IBM programming fed&&§s
it was observed that the ripple in a plot of the growth of IBM's OS/360 operating system, "... is
typical of a self stabilising process with positive and negative feedback loops. ... thesystof
growth is self-regulatory, despite the fact that many different causes control the selewtark of
implemented in each release, with varying budgets, increasing numbers of users reporting faults or
desiring newcapability, varying management attitudes towards system enhancesnamging
release intervals and improving methods ...". It was the observations made during thistuayial
and the analysis and interpretation that followed that led to the formulation of eight laws of software
evolution [leh74,80,96a], a Principle of Uncertaijtgh89] and, in general, to aeeper
understanding of the nature and phenomenology of software evolution. Earlier it had been suggested
[leh78] that" one must ... regard the organisation developing and maintaining a large program as a
system in the system theoretic sense. .... Observation has shown that the system behsalés as a
stabilising feedback system. The process leads torganisatiorand a process dominated by
feedback ... with long range trends ... and invariances ...". And that was how the matter was left.

Recently [leh94] it was recognised that the first seven laws followed from the eighth law which states
that E-type processes are feedback systems [leh96a]. That law could also explanivénsally
experienced difficulty in achieving major improvementin the global software process; that is the total
process whereby software systems are developed, used and evolved [leh96d]. This observation was
expressed as the FEAST hypothesis and led eventually to the setting up of the FEAST/1 project. The
project objectives included identification of significant feedback controlthenprocesses of
industrial collaborators, modellinthem anddetermining their impacand exploitation of the
resultant insight and any tools developed to improve these processes [leh96c].

The study has proven even more difficult than was initially foreseen. Some obstectes
specifically anticipated, for example, as discussed in [leh96b] and by the initial decidmretop
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system dynamics (SD see sect. 3) [abd91] models top down rather than bottom ajprdaeh

taken by other SD modellers [mad96]. Other potential problems were recodmisadder-
estimated. The latter included that of retrieving data for modelling from the collaboaatbiges,
cleansing and interpretation of retrieved data, the difficulty of statistical inferencedtatively

small (10 to 30 point) time series data sets and that of applying SD technology and poadsite

models reflecting total organisational processes (including user feedback if appropriate) that can be
interpreted and calibrated to reproduce the global behaviour and trends revealed by real world data.

3. Modelling Approaches

The original proposal [leh96c] envisaged just two approaches. Black box models of the evolution of
one system per collaborator were to be visually interpreted and statistically evaluatederbey
intended to identify patterns or regularity in short and long term trends of indi\ggsizims,
similarity or commonality of behaviour across several or all systems, eviderfeedifack-like
behaviour (eg self stabilisation) and the degree to which the data and interpretationlfetived
behaviour supports, modifies or contradicts the laws previously formulated. In parallel, white box
models were to be developed and calibrated on the basis of discussions with development staff and
other collaborator personnel using the SD approach and the Vensim modelling tool [ven95]. The
objective was to reveal the internal structure of the processes being studied in the black box work, the
activities involved and replication in the SD models of the behaviour displayed by the black box
models. This should permit progressive identification of the real world feedback mechanisms and
controls contributing to producthe characteristic behaviour odach process and provide an
indication of their impact.

As the work proceeded, and with the fortuitous availability of a PhD candidate interestattiin

agent modelling, an effort was initiated to produce such models and to calibrate ttegmodnice

the same behavioural patterns. This work was seen as providing an independent validation tool for
the white box models. More recently the phenomenological imprecision of evolution dataraed

of the process attributes which appear to underlie it, suggested that Fuzzy Dyjtenri@;§i98]
techniques, and models derived therefrom may prove a powerful technique for advanstagyhe

Some small effort is being devoted to following through this approach but early results are not
expected and must await a further project and access to the appropriate expertise.

4 Results to date

Recent publicationbave discussed black box results obtained to date6,leh96a,d,97] for
example. These will not be discussed again in detail in the present paper. Suffice it to say that strong
similarities may be observed in the evolutionary behaviour, patterns and trends syfstd@s
currently being studiécs exemplified by the plot of the growth of a very large Lucent Technologies'
real timesystem infig. 1 and of modules added per release of the ICL VME Kernel in fig. 2. The
reader may wish to compare these plots with those in earlier publications [len80,leh96a,d,97].
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Figure 1. Modules Added per Releag@ere RSN is release sequence number
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Figure 2. Modules Added per Release

Many of the behavioural patterns observed in all the parameters studied are essentially similar to

those identified in the 1970s and encapsulated in the laws of software evpait&idb,96a,d,97a].
The present studies do, however, suggest minor refinements of the latter.

In considering these plots, a key issue is to determine whether the observed pattbaihasiodirs

are, or are not, random like; whether or not they indicate the presence of undstriyitgyes.
Indications of the latter at an acceptable confidence level would provide support foorditgnce

in the FEAST hypothesis thats complex feedback systems, E-type software processes evolve strong
system dynamics and with it the global stabitharacteristics of other feedbaskstemsThis
evaluation is currently underway. Early results indicate non-random behaviour, correlations and auto
correlations. This suggests the presence of underlying stabilising and control mechawssihly,

the feedback phenomenon addressed by the FEAST hypothesis. Positive results also provide support
for the Laws on Software Evolution [leh74,78,80] and so significantly advance development of a
theoretical base and framework for software engineering process design, planning and management.

Recent results have also provided indicators of the presence and strength of an internal dynamics that
influences long term behaviour. This is exemplified by the inverse square models figieavth

data of the Logica FW [tur96,leh96d] and Lucent systems. The closeness of fit of the models and the
strength of their growth dynamics is illustrated in fig. 3a and 3b respectively. Data frosfesises

suffices to ensure an error in FW growth predictions that is essentially constant (and small). The
Lucent system displays even stronger dynamics with two to three releases being sufficient to
determine the model parameter. In either case, increasing the number of data pointesisadtm®

the latter produces no significant reduction in mean error, the precision of the model as a predictor.
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Figure 3a. Mean error over all releases of the size predicted by an inverse square model as a
function of the number of data points used to estimate the single model parameter
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Figure 3b. Mean error over all releases of the size predicted by inverse square model as a
function of the number of data points used to estimate the single model parameter

The inverse square model has also been successfully fitted to several other of the trend plots and has
provided a calibration parameter in the first of the system dynamics models. While the point has not
yet been conclusively proven, this repeated appearance of the inverse square pstpeificant,
suggesting as it does, increasing system complexity and/or feedback control as significant factors in
the processes studied and in their behavioural patterns.

Progress in the development of the white box models was, initially slower than had been planned. In
the first place none of the three full time FEAST/1 team members had prior experi€ysearh
Dynamics techniques or tools. Moreover it had not been faigreciated that in addition to
absorbing the concepts and approaches of SD analysis it was desirable to transform many of the SD
concepts and modelling approaches to reflect a semantics that is more appropriatofovire
process. Finally, despite the adoption of a top down approach to model construction with the intent to
achieve step by step refinement (as expressed in next paragraph), the early modelbegachty

very complex, involving many tens lefvelsandflows These models were difficult to comprehend as

a whole, reflecting specific understanding of process minutiae. Their construction provided a learning
experience, initial clarification and a theoretical basis for discussing the nature pfotesses
modelled. But their intrinsic contribution to advancing the project towards its goalelatgely

small. Functional and structural validation through exposure to and discussion witspbetive
industrial groups, of their structural and functional content was difficult and, hence, slow and related
to detail rather than global issues. Theieaningfulcalibration appeared a dauntimssibly
impossible, task. Thus despite their providing an experience base and in clarifying tapdees|

these early models were abandoned.

The models that followed are of two types, both high level. One we tprodaction linemodel, the

other agap model. Both approaches, as described elsewhere [leh98,war88neaningful and
relevant and it is expected that eventually they may be integrated. The guiding princhse in
development was that each should be developed top down, should initially involve caibgdhee
minimum of elements, must be phenomenologically interpretable and its behaviour valitlated
respect to project behaviour. In adopting this top down approach we were conscious of following the
approach first advocated by Zurcher and Randell in 1968 [zur68]; a precursor to Bfepvsse
Refinement [wir71] and Dijkstra's Structured Programming [dij72]. Thus the respective models are
being developed and elaborated, step by step, in discussion with the development team, progressively
calibrated to achieve broad brush agreement with the observed behaviour as measured by appropriate
metrics and systematically refined, in coverage and detail. Significant progress has been made as we
have undertaken cycles of discussion and calibration of the resultant models and absé#ssed
relevance and contribution to our understanding and the FEAST/1 study.

At the time of writing the first SD simulation model has, with the aid of BAe staff, undergone top
level calibration. In execution, the model closely follows the long term trajectory of @ctjedt
behaviour. The next development step is to add further model elements that reflect tlexalext
down of process attributes, the object being to achieve a model that displays the short term variances
(higher frequency components) that appear on the actual evolutionary trajectory. The ICL VME
models, too, are close to being ready for calibration.
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5 Software and Systems Processes

The previous sections have provided an overview of the background to the FEAST/1 project. This is
examining software evolution data, metaad otherwise, seekingnd evaluatingsupporting
behavioural evidence from process and product metrics for the thesis that the spfbwass
behaves as a feedback system and constructing executable models that reprodhbsertied
behavioural patterns.

Feedback control mechanisms are to be identified, their impact determined and means devised for
managing and improving the processes. For detailed discussion of the results obtained to date the
reader is referred to the referenced literature. The present section will go on to identify essential steps
in the realisation of thab initio development of a software system in the context of some application

or in the application of changes to such a system to achieve a new, improved, release.daseither

the work to be undertaken will have arisen from a stated or implied an application concept. The
resultant activities may be conveniently displayed in diagrammatic form to illustraggdhution

process. There is nothing sacrosanctin the descriptions that follow but they are believed to include all
the basic steps required to transform an application concept into a satisfactory operational system or a
system change definition into a new release of an existing system.

The real world domain in which aB-type system operates is unbounded. The softiveate
implements an application within that domain is, of necessity, bounded. Thus the first step in any
evolution step of ak-type system, whethab initio or by changing it in some way, must be to
bound the application and its operational domain or the changes and adjustments to the domain. Such
bounding implies the essential incompleteness of the software system as a model of the applicationin
its real world domain; a gap between the finite operational system and the actual tfrather
adopted) unbounded real world domain. That gap is bridged by making assumptions which are
ultimately reflected in design, implementation and operational decisions. They are elebphjded

within the system. The assumption and bounding processes involve such varied stake holders as
clients, users, management, marketeers, technical staff. The views of all on both technical and
pragmatic issues, must be elicited, reconciled, merged and limited to provide a system definition that
meets acceptable functional, quality, performance and cost objectives that dapldraented,
delivered and introduced into service within the required time frame. A procesgadssive
elucidation blendghe manyviewpoints to provide a starting poifdr the development and
subsequent evolution of the software system. The process is essentially iterative and, as pictured in
fig. 4, as it converges the bounds of both the application and its operational domain change.

™ T
Application ‘L\
Concept

v

=< Evolving
“““ Views

Application
Domain

Figure 4. Defining the Application and its Operational Domain

This iterative first step of the process involves feedback. Control is applied at various technical and
management levels to ensure that, as far as can be foreseen, the final system as delihered will

the desired and required properties and attributes as now foreseen; that it will be satisfactory and
acceptable to the stake holders and the user community. Unfortunately, however, the real world is
always changing, often in unexpected ways. It is, therefore, unlikely that the system will provide a
perfect fit to the operational domain as at the time of installation and during subsequent operation.

Once the bounding process has reached a stage where, for the time being, the application and domain
views appear to have been satisfactorily established, further evolutiorestepstiated. Fig. 5
illustrates a possible sequence of activities to the point where a validated system has been completed
and is ready for installation. As already stated, the steps shown exemplify the informationgthat

be generated and agreed to satisfy the product evolution goals. They are not intended to establish a
definitive process model.
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Figure 5. System Development

The end product of this process is (or should be) a validated system ready for installation and
operation in the application domain as in fig. 6. Such installation changes the opedatiaial.

The domain with a system installed and operational is different to that before installation. Installation
also changes the application. Apart from the additional activity arising from operation of the system,
there will be changes in the activities associated with the application. If that were not so, there would
be no pointin installing the system. Thus the application and its intended operational th@nain
provided the initial input to the development process is changed by the output of that process. At its
primary technical levekhe software evolution process, whether execut®d an ab initio
development or to implement a system change or enhancement, is a closed loop feedback system.

o —
;- !
ication
(" | Al \
g Concept ; +
Operational Systenl\ Evolving
H\ Application —Ij Views
! Domain
e
“. —. -
Computation Evolving
Procedures Un(cjierssttan?mg
Algorithm s an lruc ure
T Theories, Models,
System Procedures, Laws
Architectu 1 of Application and
and Design System Domains
| System Requirementq
Definition [ Definion [

Figure 6. The System Installed and Operational
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Because of its theoretical implications, one further observation must be included here. The model of
figure 6 expresses the fact that the operational system is installed in and becomes part of the
operational domain. This implies that, conceptudhy, system includes a model of itselhis

cannot, of course, be explicitly achieved in a finite system, nor, for that matter, implicitly. Thus, as
already inferred from the fact that the domain is unbounded and the system is firogerdtenal

system is, in its very essence, an imprecise model of the operation with which it is associated, the
application and its operational domain. That imprecision is embedded in assumptions that are, in turn,
embedded in one form or another in the system. But the real world operational dodyaiansc,

always changing at a rate that is accelerated by the installation and operation of the system. The loop
identified is a source of positive feedback. Some of the assumptions embeddedsysténe,
consciously or unconsciously, explicitly or implicitly, justifiably or not justifiably vellentually

become invalid. What the practical consequences are of an invalid assumption being involved in a
system execution is, in general, not known. Hence, however often a system has been run and
produced satisfactory resultds next run may fail. Theoutcome, output, behaviour and
consequences, of asttype system execution, its effect in the operational domaiintrigsically
uncertain, not unpredictable. It is these observations that led, some years ago to formulation of a
Principle of Uncertainty in relation to software systems [leh89,90].

6. The Role of People
The feedback loop observed in fig. 6 identifies one of the sources of the ubiquitourseadiihg
evolution required by all serious computing applications. But that is not quite the endstdrthe
Firstly apart from the initial viewpoint development, the process has been picturest@seatial
process. The process model as illustrated does not, for example, reflect the learning experience, the
human communication and, hence, the iterative activity that is an integral part of eaclstepshe
and between steps. Equally prominent by its absence from the figure are the influences, driving forces
and controls that are exercised, consciouslymronsciously, byall levels of management, by
marketeers and support personnel, by users and by the people, activities and processes that make up
the operational domain. Figure 7 provides a pictorial model that is a closer illustratiorredlitye
within which E-type computer applications are developed and operate.
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Figure 7 The Global Process
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This picture provides a more solid, phenomenological, basis for the observatibriytpatsoftware
evolution processes are complex multi-agent, multi-level, multi-loop, feedback system. It was the
observations and inferences summarised in the preceding paragraphs that led to the formulation of the
FEAST hypothesis and to the FEAST/1 project. That project is seeking to lay the foundations of a
longer and more widespread investigation. This will develop models to be used for reabonityg
evaluating, predicting the behaviour and improving the software and system evolution processes that
maintain computer application systems effective over their operational lifetimes. The walswvill
provide a foundation and a framework for a theory of software evolution.

The previous sections have talked, glibly, of feedback loops and control mechanisms. Despite the
introduction of many tools at both the management and technical levels of software processes the vast
majority, if not all, process planning and control mechanisms involve humans. In the first place and
throughout the process they will have made explicit assumptions and will have also imposed implicit
assumptions on the basis of other actions. As the process is followed, all its pézgérs
information, observe, interpret their inputs, take decisions, communicate and act or fail to act on the
basis of their interpretations, understanding, viewpoints and previous experience. The actions of the
individual participant are therefore not precisely predictable. The behaviour of the process at the
individual level isnon-deterministic. At a higher level, howevéne process behaviour is the
consequence of the aggregate assumptions, decisions, activities and interactions. These have a degree
of interdependence but, in many ways, be regarded as pseudo independent and pseudo random. It is
this high level aggregate that largely determines the global, externally perceived, attributes of the
process. Thus it is not surprising that one may usefully apply computational, statisticghend
techniques to model and analyse process patterns and behaviours. In addition, and as referred to
above, the FEAST/1 investigations are beginning to reveal the strength of the dynamideta the
process system once the system evolved through several releases. Local, individual actgnmoup

can cause deviations from the inbuilt trends and patterns, deviations or disturbances that may be
visible from outside the process, for example a delay in system release or a glaytteim
functionality. But a variety of feedback controls, explicit and implicit, will ensure proeessery

and its return to the established patterns of behaviour.

This brief analysis has made no reference to situations where a process goes seriousikhereng.

have been many, too many, instances of premature termination or even failure to dékwer.
situation can be analysed in similar terms but is not attempted here. Nor has the fepitbatk

analysis based software process improvement been addressed. In the long term that and the associated
development of a theory of software process are likely to prove by far the most important outputs of
FEAST/1 and successor investigations.
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