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Abstract

Industrial global software processes include the activities of developers, users, sales and support
personnel and their managers. Equally important is the feedback between them. Findings of
empirical software engineering and other studies may not scale-up to such processes. Their study
and that of the many environments in and for which they are pursued may be tackled by combining
top-down and bottom-up approaches, broadening the scope and scale, and by following
multidisciplinary investigative methods, tools and experience. Some of the latter may be inspired in
numerical ecology, a discipline that suggests hints at the solution of issues inevitably emerging
during broad scope and wide scale investigations.
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1 Introduction

In 1993 one of the authors (MML), considered why, despite continuing developments in
software engineering such as structured methods, CASE, object orientation and so on, it is, in
general, so difficult to achieve sustained process improvement. He realised that an answer has been
initially suggested in a 1972 study [2] of the evolutionary behaviour of IBM OS/360. This study
identified the software process as a self-stabilising feedback system. In such systems, global
behaviour is significantly influenced by the interaction of feedback loops that, for example,
constrain the externally observed effect of changes in forward paths. Since many process changes
have local impact and affect forward paths only, one may expect that unless feedback mechanisms
are changed appropriately, the externally observed impact of such techniques may be limited,
externally unobservable or counterintuitive. The feedback observation was encapsulated in the
FEAST (Feedback, Evolution and Software Technology) hypothesis, that in one of its formulations
states: "As for other complex feedback systems, the dynamics of real world software development
and evolution processes will possess a degree of autonomy and exhibit a degree of global stability".
An alternative formulation, formalised as the eighth law of software evolution [4,8,10,11,17], is the
following: "Software processes are multi-level, multi-loop, multi-agent feedback systems and must
be treated as such to achieve sustained improvement for other than the most primitive processes"
[13,14]. The hypothesis and its implications were extensively discussed at three international
workshops [12]. Subsequently, two successive UK EPSRC funded projects, FEAST/1 [14] (1996-
1998) and FEAST/2 (1999-2001) [15] were undertaken, the latter still in progress. A further
workshop is planned for July 2000 [5]. The projects have been analysing data derived from a
number of software systems being evolved in industrial processes. Interested readers can access
summaries of the findings and publications to date through links at the project web site [4]. The
present paper is mainly based on authors' accumulated experienced during these projects.

2  The Global Process

An E-type system, that is a system used in the real world, is judged by the results it delivers.
Behaviour in execution, performance, functionality delivered, ease of use, reliability and so on are
critical properties. Such system is evolutionary in nature, that is, it undergoes continuing fixing,
adaptation and enhancement as long as it is in use. Requirements for such a system cannot be
completely defined. In this it differs from an S-type system where the criterion of acceptability is
that of correctness. By definition, it must be correct, in a mathematical sense, relative to an absolute
specification [11]. Feedback is intrinsic to E-type processes and generally results in a sequence of
versions or releases. Every release is built to a greater or lesser extent on code and documentation
from the previous releases. For example, learning and experience derived from the development
and use of previous releases is an important part of the input to the planning of each release. Apart
from the most primitive, software evolution processes involve many stakeholders, clients, users,



managers, sales personnel, development staff, and so on. Their aggregated activities and
interactions are the global software process. Consider, for example, a process activity such as
application bounding [11]. The views of the different stakeholders must be elicited, reconciled,
merged, and limited to provide a release definition, whose implementation is technically feasible,
within time, resource, budget, and other constraints. A process of successive blending and
reconciliation of the many viewpoints provides a starting point for the development and subsequent
evolution of the software system. The process changes the bounds of both the application and its
domain until they represent a view of the proposed system (or system enhancement) that is
acceptable to the decision-makers. The bounding process as above, and the release-based evolution
process of which it is a part, have the structure of two nested feedback loops, as shown in figure 1,
in which the output of a process is applied to and modifies its input. Feedback interactions can be
found, however, at many other levels of the software process, including, for example, that of the
teams and individuals that participate in the many roles involved in the global process. The
immediate implication of the feedback observation is that software engineering must not only focus
on forward path activities, but also consider feedback paths activities. This, of course, has
implications in the context of empirical studies, which are briefly examined in the next section.

3 Empirical Studies of the Global Software Process

The issue introduced here is how the study of such global processes is approached and how the
derived knowledge may be applied to progressively master issues such as process and product
evolution management and realisation of definition, implementation and validation of the software.
The multi-disciplinary nature of the study of the software process as a feedback system has been
apparent since the impact of feedback on the software process was first recognised [2]. FEAST/1
and FEAST/2 focused on statistical and system dynamics perspectives [4]. The intrinsic properties
of the problem demand a wider approach. Human issues, such as motivation, learning, experience,
attitudes and assumptions, in management, development, marketing or end product usage must
have a significant impact on the technical process and its product. Cognition and understanding and
communication issues also play an important role. Organisational structure, its management and
control, procedures, goal setting, achievement assessment, decision making, working methods and
organisational culture all have significant influence [16]. Moreover, studies must consider the
mixed environment in which the software process takes place. These, as depicted in figure 2,
include human, business, economic, legislative, marketing, organisational systems and evolving
technology, within which software engineering activities take place and with which they interact.
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It follows that one needs to adapt and extend the empirical studies to account for these wider
influences. This is one of the major challenges faced by investigators. These, by-and-large, appear
to have concentrated primarily on fine-grained process-local issues. In particular, such studies do
not yet appear to have considered the environment within which software engineering takes place
and with which it interacts. In fact, experimenters will acknowledge that the presence of a large
number of context variables is one of the major difficulties in experimentation. Building knowledge
through families of experiments has been suggested as a possible approach [1]. To solve this
problem it has been proposed to replicate studies in different environments, vary context variables
and capture and encapsulate commonalties across the environments [1]. This approach to building a
body of knowledge is predominantly botfom-up. The issues that the global process raises suggest
the need of pursuing fop-down approaches [9]. The bottom-up approach appears to be most
appropriate to the study of systems that are homogenous, or have simple, regular structure. Once
individual elements have been identified, studied and understood to a certain degree, one may
attempt to proceed to examine the properties and behaviour of more complex assemblies of these
elements. In principle the approach could be applied successively to achieve understanding of ever
larger and more complex systems. In practice, such studies may soon become ineffective, due, for
example, to the unfeasibility of experimentation at a large scale, limitations of tools or
mathematical intractability. There is, however, a top-down alternative. The latter studies the system
or phenomenon of interest from the outside, following a top-down, outside-in approach. General
trends and patterns are discovered and a set of attributes are identified, clarified, measured and
modelled. This enables one to understand system's behaviour in the context of its sub-systems. This
process eventually leads to an understanding of, and ability to control, the individual phenomena
but in the context of their total environments. The global, systems, viewpoint has been applied with
a degree of success, directly or indirectly, in many disciplines of the natural sciences, such as
epidemiology, genetics, thermodynamics and information theory [9]. Our experience has shown
that it is an essential approach to the empirical study of software processes [11]. In referring to
bottom-up and top-down approaches here, we do not mean to imply that they are alternatives. In
practice, both are required. It is really a question of their ordering and how they are interleaved.

The need to widen the focus of the studies and to follow a disciplined top-down approach is
also illustrated by the following consideration. As Simon proposed in his hierarchy theory to
explain the functioning of complex systems [20], he argued that stable complex systems are
frequently hierarchical in structure. Such hierarchies are almost self-evident in some natural
systems. In ecological systems, for example, this becomes apparent when one considers the
environment as being primarily shaped by geo-morphological processes on land. Currents and
winds determine fluid environments. These create localised spaces with similar conditions and
interfaces to others. These broad scale mechanisms determine to a wide extent temporally and
spatial patterns in biological systems. Within homogeneous zones, detailed structuring is shaped by
predator-pray interactions, food availability, symbiosis and parasitism, for example [7]. Ecological
systems are just one example of many other complex systems that reveal a hierarchy of
mechanisms and influences. Subsequently, Simon extended this theory in his sciences of the
artificial [21], of man-made systems, under which he included social systems. There are reasons to
believe that global software processes display properties of hierarchical systems, with higher level
influences may play a major role. The most evident is the one that emerges from the organisational
decision making structures [23] in which the technical software process is embedded. Others may
also exist. Hence, for a more complete and useful picture to emerge, empirical studies will need to
address wider than process local issues [23].

Another challenge to future empirical studies must be also mentioned. So far software evolution
studies such as [4,11] have concentrated on the study of similarities across systems and domains.
This has led, for example, to the identification of the laws of software evolution [4,8,10,11,17] and
to a discussion of the phenomenology of E-type processes. The interaction of software process
feedback mechanisms may lead to patterns and structure, temporal and otherwise, in the processes
and in the metrics therefrom derived. That is, the assumptions of classical statistics of independence
of observations, made in many empirical studies, may not always hold [7]. For instance, one may
expect that given appropriate environmental conditions, some software engineering methods may



be more effective, in some sense, than others; some methods may flourish or succeed and others
may vanish or fail. Thus, to further the investigation one must also look at the differences, at the
heterogeneity and variability, and once identified, try to understand the mechanisms behind them.

4 Some Lessons from Numerical Ecology

In the context of the present workshop, that emphasises the application of tools from other
disciplines, these authors wish to share some of their current perceptions in this regard. By seeking
methods to address some of the FEAST/2 questions [15] they have identified that other disciplines
such as numerical ecology contain methods, tools and experience potentially useful in the context
of empirical software engineering. Quantitative models addressing software engineering issues
have been investigated for some 30 years, as demonstrated by the long standing interest in cost
modelling [18]. However, reported application of numerical methods in ecological and biological
studies, that is, numerical ecology, started long before with a 1900 study [7]. Since then this
discipline has, both, developed its own methods and applied methods from other disciplines. They
include statistical and non-statistical methods (e.g. cluster analysis) and their combination. So far,
several voluminous syntheses have been published, for example, [7], that include pointers to
relevant methods and guidelines to their use. Such syntheses represent a useful source of methods
that can be applied to some aspects of empirical software engineering as, in particular, studies of
software processes and software evolution [11]. Of particular interest are methods such as
segmentation and chronological clustering. Some of these methods appear to fit within a top-down
procedure for identification and encapsulation of patterns and structure in attributes of global
software processes. One of the issues that would necessarily be associated with such application is
the issue of scale. Results obtained in laboratory scale experiments investigating the effectiveness
of certain software engineering techniques may not scale-up when these techniques are applied in
an industrial process. In numerical ecology, for example, attention is been devoted to the issue of
scale as exemplified by the following statement: "Scale is an important reference to help understand
the difference between environmental management problems and the answers that may be found in
ecological studies. Most studies are conducted at scales (extents) finer than those of natural or
human related disturbances...Scaling up from studies to environmental problems is a
challenge...New concepts and statistical tools must be developed..." [7, page 710],[22]. Similarly,
due attention for such issues is needed in the context of empirical studies of software engineering.

In ecological spatial studies, such as the ones that search for patterns in the geographical
distribution of unit objects, such as species or individuals, three elements have been identified as
descriptors of the scale of a study:

« grain size - size of the elementary sampling units, such as resolution of an spatial study or
of the smallest time unit considered in a time series study

« interval - distance between sampling units to cover a given geographical area or, in time
series, the size of the time interval between observations

« extent - is the total size of the space covered by the study, or the total duration in time series.

Such descriptors must be defined in accordance with the size of the unit objects, and with the
scope of action of the processes being investigated. The unit objects might be individual plants or
animals, species or bacterial colonies. The processes could be those involved within the size of a
patch of land, a lake or the area occupied by certain species and/over a given time period. In
software engineering, definition of the descriptors and identification of the unit objects may not
appear straightforward. Variables involved in software engineering studies, such as satisfaction,
complexity, experience and motivation, are abstract. This imposes further challenges to their study.
In spite of these, and possibly other, challenges, one can learn from field ecologists to carefully
consider the scale of a study and to develop strategies to adapt the coverage of the study to wider
and complex domains such as industrial global processes.

! At the present one just can hope that similar syntheses will in the future address empirical software engineering issues.



5 Final Remarks

Of course, when borrowing methods and tools from other disciplines one must exercise due
care to understand the embedded assumptions and the conditions within which they fully apply.
When we have mentioned numerical ecology, our intention has not been to suggest a priori
similarities between the mechanisms at play in ecological systems and in the software process. Our
emphasis has been on the methods, tools and experience that such discipline has evolved. One
could however hypothesise that analogies may be fruitfully explored. For example, mathematical
models based on differential equations such as the 'replicator equation' [19], which is able to reflect
important ecological and other interactions [6], may also emerge in the software engineering
domain. Surprising as it may appear, modelling the defect removal process as a prey-predator
dynamic system has already been attempted [3].

Finally, one must accept that global processes involve human beings. These observe, think,
learn, act and react and, hence, the study of systems that involve humans always will have to face
an intrinsic degree of unpredictability [9]. Our knowledge about such processes, no matter what the
discipline, approach, methods and tools must be always uncertain.
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