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Motivation

The continuing changes in the requirements that define the properties that software is required to have
arise from many sources. Users have new or changed needs, development organisations seek to increase
revenue or enlarge the customer base, developers wish to incorporate new concepts or ideas and so on.
This position paper is not the place to elaborate on the diverse sources of change. It is atruism to observe
that the list of possible changes is very large, potentially unbounded. Implementation of even desirable
changes is likely to exceed the resources or capacity of the software organisation and its process in any
given interval. Organisations would hope to complete essential work before clients become dissatisfied,
before business opportunities are lost. The process of continuing software evolution is, in fact, essentialy,
dynamic, sensitive at each moment to the needs of the various stakeholders. Appropriate planning and
management strategies must be applied.

Software process dynamics and simulation have been used by a number of investigators to address
various aspects of the resultant dynamics and to support software evolution management. A model based
on some specific technology™ is built and calibrated. To the extent that the calibration has been validated
its behaviour in execution can then be examined. For example, the effect of and sensitivity to changesin
model inputs and parameters can be observed and analysed and provide an impression of the effect of
changes on the process itself.

Modelling of software process dynamics has, however, not attracted widespread interest. In the first place
the impact of the dynamics on product and process evolution has not been widely recognised. The level of
expertise, data® and resources required to build and calibrate such models did not appear justified in a
perception of limited benefit. It must also be admitted, their use raises difficult issues, for example:

¢ doesthe model (and the mechanisms depicted therein) relate significantly to real mechanisms present
in the software process, and if yes, how?

e assuming that the model was, in some sense, representative of the process at a sometime, isit ill?

» canthe model be systematically updated to remain a faithful representation of the process dynamics?

Potential sources of modelling uncertainty are many and diverse. One may identify many, probably
hundreds, of drivers, forces and congraints at play in a software process. Some of them tend to improve
performance, others tend to degrade it. In general, the software, exposed to change upon change upon
change, isin a state of flux and tends to become more complex unless work is done to control growing
complexity (second law of software evolution [leh74]). The process itself aso evolves. Changes in
resources, people, tools and technology, for example, are inevitable. Humans introduce uncertainty

! For example, system dynamics [abd91], Petri nets [kus97], combinations of techniques (eg system dynamics and
fuzzy logic [lev90]) and, most recently, fuzzy dynamics [ram98].

2 Here and in the remaining of this paper data refersin general to the data required to build and calibrate a dynamic
model of the software process.
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[leh77]. Exogenous forces may play also an important role. Thus it appears that, prima facie, one should
not assume a degree of long term disciplined dynamics. Empirically based observations and related
analysis formulated in the seventies and eighties, together with more recent evidence, suggest, however,
that evolution activity displays a degree of disciplined behaviour. Such behaviour can be exploited in the
context of software evolution management. After a brief account of the results of a recently completed
investigation, this position paper discussesin outline some issues related to process dynamics modelling.

FEAST/1 Resultsand FEAST/2

The recently completed FEAST/1 project [1eh96] investigated a hypothesis which stated that software
processes are multi-level, multi-loop, multi-agent feedback systems and have to be treated as such to
achieve significant and sustained process improvement. FEAST/1 collected metrics and indicators from
five different software systems from four different industrial organisations’. Software processes were
modelled using both, black box [1eh97,98¢c,d,e] and white box (system dynamics) [cha99,leh98a,wer98]
techniques. The focus of the project was the global software process that encompasses the activities of all
involved in the process, developers, managers, marketeers, support staff, users and so on. The approach
adopted was different to genera process modelling practice in which the object modelled has been the
technical process, that is the process that takes a software product from concept and requirements to
system installation and operation.

The FEAST/1 investigation yielded observations that were consistent with the above stated hypothesis
and supported the laws of software evolution [leh74,85], with only minor refinements of the latter
[leh98c,g]. The project has identified regularities and patterns over the growth and change data of several
systems evolving for periods of up to 15 years. For example, an inverse square model has proven a
remarkably good growth model for the systems studied [tur96,1eh97,98c]. The FEAST hypothesis
suggests a mechanism that appears to be the source of the regularities observed. They are a manifestation
of a globa dynamics that results from the embedding of the technical software process in the various
domains within which it is contained [1eh98¢].

FEAST/1 results indicate that software process dynamics is a real phenomenon with significant process
impact. The question remains whether and how this phenomenon can be exploited in the context of
software evolution management. One begins by identifying the phenomenon. In FEAST/1 this was
achieved by data modelling based on historical data sets. It is now apparent that it can aso be achieved,
for example, on line by updating process behavioural models as product and processes evolve. This
approach can, inter alia, yield realistic models of dynamic behaviour, providing the basis to achieve a
degree of control of the software evolution process. A degree of uncertainty will, however, aways remain
[len77]. Investigation of this and related topics will be pursued in the FEAST/2 study, now under way
[1eho8b].

Process Dynamic Modelling

Since first attempts by Riordon [rio77] to simulate the dynamics of software processes, the underlying
modelling procedure has remained more or less constant. On the basis of questions about process
properties, a model is concelved. The investigating team of one or more persons, having selected a
particular modelling technique, observes a process in operation (or a process in conceptualisation stage).
This may, for example, be done, by direct observation, participation in process activities and/or
interaction with those involved. A model, which abstracts the mechanisms and interactions believed to be
dominant is then developed and calibrated using data from various sources. Direct measurement and
expert estimation will play a part, both in the make-up of the model and its calibration. The model

% ICL, Logica and Matra-BAe are the officia collaborators. Lucent Technologies became a de facto collaborator
through the good offices of Dr. D E Perry who was associated with FEAST/1 as a Senior Visiting Fellow.
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becomes an artefact for reasoning about the process, its product and its environment. Answers to relevant
guestions are sought by running the model. The questions may relate to process behaviour, design or
improvement, for example. Model building becomes a learning process for al involved. It may well be
the most valuable part of the exercise.

Use of the model for prediction, makes the establishment of confidence in its validity particularly
important. Ways of achieving confidence include, for example, that:

» themodel and its outputs are considered reasonable by appropriate experts

» withinputs of past states the model replicates past behaviour

» there is a definable (possibly formal or algorithmic) relationship between the model and data
(historical, current, emerging)

In general, only the first two, however, appear to have been used in software process modelling. We
suggest here that demonstration of a definable relationship between the model and the data will be
facilitated by attaching an on line parameter estimation mechanism [lju87,wel91] to the model to update
its parameters as new observations become available. A sequence of change requests or maintenance
activities (always present in one way or the other in operational E-type evolution processes) represent a
sequence of inputs in the system-identification sense [lju87wel91]. Their presence offers an opportunity
to explore this approach. There are reasons to believe that Bayesian parameter estimation will also be
useful in this context, since it enables explicit representation of a priori beliefs about the parametersto be
identified, providing methods to update the parameter pdfs as hew data becomes available. Moreover the
Bayesian approach seems to outperform sampling approaches when considering small sequences of
observation [zel87].

Definable relationships between data and models, and on line updating of the latter, will also facilitate
software process performance monitoring. It is likely to be an improvement on direct inspection of
process measurements and indicators as in statistical process control [wet91]. Condition monitoring
techniques may help to identify whether an observed deviation corresponds to an actual change in
software process dynamic characteristics (and its performance) or is due to exogenous forces [gus98].

Many questions need to be addressed before this proposal can be fully implemented. Since the parameter
estimation mechanism and the model have to be in some sense compatible with each other it raises an
additional consideration whose impact has to be evaluated. How, for example, are on line parameter
estimation mechanisms to be attached to models such as those described in the software process
modelling literature [eg abd91,cha99,kus97,leh98a,pro98,wer98]? Moreover, the attempt to attach a
parameter estimation technique to large models raises issues of identifiability* [wel91] and scalability’. If
and when a parameter estimation mechanism cannot be attached to a process dynamic model one must
ask whether this is a weakness in the model or the absence of an appropriate technology. On the other
hand the modeller(s) may be prepared to do without and consider thisissueirrelevant.

Softwar e Process M aturity and Process Monitoring

The above discussion relates to a category of model-based global level monitoring and measurement
techniques that could be investigated, refined and deployed to address various aspects of software process
dynamics. This suggests a complement to process improvement through process maturation. The current
focus in software process improvement, whatever the method, has been to adjust the actual process, so
that process output for a particular set of inputs, is more consistent, predictable and timely, less variable
and of higher quality, however defined. Achieving a high level of maturity generaly requires a sustained

4 Aswhen, for example, it is not possible to obtain a unique set of model parameters from the available data.

® For instance, numerical issues could arise when attempting to estimate large number of parameters.
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effort of those involved. It transforms, in one way or the another, the internals of the related organisation.
Assessment of the level of maturity is conducted through interviews, questionnaires and checklists, for
example. The improvement process is inside out. Global level monitoring and measurement have the
potential to revea the effectiveness of software improvement efforts, transforming the improvement
processto be outside in or closed loop.

In general, the above consideration of process dynamics monitoring suggests that maturity of the process
monitoring scheme must be seen as different (and complementary) to maturity of the process itself. In
current process improvement methods, a reduction in uncertainty of process behaviour is attempted by
transforming (the inside of) the software process, to achieve decreasing process output variability. We
suggest here that a mature process dynamics monitoring scheme will be one that helps to characterise and
bound process uncertainty. For example, parameter estimation will yield confidence intervals for the
parameters being estimated, and hence an estimate of process outcome variability.

Final Remark

This paper has identified a number of issues rdating to software process dynamic models. It reflects the
view that software process dynamics is a real and significant phenomenon that can be exploited for
process management and improvement. Related issues have been outlined. The FEAST/2 [1eh984] project
recently started plans to examine these and other issues [ram99]. These efforts could well contribute to
achievement of the long held goal of integrated support environments for software evolution.
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