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ABSTRACT

In recent years, simulation modelling of software processes have has promoted as a tool
to understand, study, control, and manage software development processes. Claims have
been made that simulation models are useful and effective at gaining insight into sofiware
development processes. However, little has been said about the process of developing
simulation models for sofiware engineering problems.

Simulation modelling is a young discipline in software engineering. Consequently, many
number software process simulation modellers are thought to be novices. The simulation
modelling process is believed to have had an effect on the quality of a simulation study.
Although there is a body of knowledge available in the general simulation literature to
guide and educate novices, the software process simulation modelling literature lacks
information for novice software process simulation modellers to understand and adopt a
simulation modelling process. This thesis aims to develop a simulation modelling process
for novice software process simulation modellers.

This thesis reports how the development and evaluation of a simulation modelling
process for novice software process simulation modellers. The rapid simulation
modelling process (RSMP) is based on an empirical study of the contexts and practices of
expert simulation modellers in SPSM and Operational Research (OR). The RSMP is
intended to be independent of a particular simulation technique (i.e. system dynamics or
discrete event simulation) and guides novice software process simulation modellers
through a set of steps that should be undertaken during a simulation study; the RSMP
emphasises heavy client contact and provides guidelines for model documentation. The
RSMP has been evaluated through controlled experiments with novice software process
simulation modellers using system dynamics (SD) modelling. In the future, it will be
further evaluated with software process simulation modellers using discrete event
simulation. The RSMP has also been evaluated with a panel of expert software process
simulation modellers.

The main contribution of this study lies in providing novice software process simulation
modellers with a simulation modelling process, which embodies real world simulation

practice and is intended to be independent of a particular simulation technique.
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1. Chapter one: Introduction

This thesis presents a process framework for novice software process simulation
modellers. The rapid simulation modelling process (RSMP) has been developed and
evaluated through a set of empirical studies, which are also reported 1n this thesis. The
RSMP is an evolutionary and iterative approach for software process simulation model
development. The RSMP aims to bring discipline to the practices of novice software
process simulation modellers. The RSMP supports simulation modellers through the
different steps involved in a simulation study. This thesis discusses the motivation for and

approach taken to establish and evaluate the RSMP.
1.1. An overview of software process simulation modelling (SPSM)

The role of software is rapidly expanding in almost all aspects of human life. Over the
last few decades the software industry has observed many accounts of schedule and cost
overruns, and poor quality software has raised many concerns in both the commercial and
governmental sector. For example, The London Stock Exchange system crashed within a
few hours of its operational use 1n 1987. The poor quality of various major IT projects in
the UK has raised quality issues to a higher extent amongst researchers and practitioners.
Examples are the computerization of London Ambulance Service, The Passport Office
and The House of Common projects [PAC 1999]. Hence, quality and customer

satisfaction has become the main goal of software developers and for organisations.

In response, software companies’ production and operational processes are getting more
and more complex. Companies are now looking for new ways to understand, control and
improve their software processes. A wide range of sophisticated case tools, languages and
off-the-shelf components are available to deliver timely and quality software. Kellner
[1999] raises the question, “How can the tools, technologies and people work together in
order to achieve these increasingly challenging goals?” One answer 1s to evolve and
improve software development processes. However, change and innovation in the
development processes entails uncertainty and risk. The consequences of this change are
very difficult to estimate without a reliable forecasting method [Robinson 1997].

Furthermore, improvement in the process needs understanding as a pre-cursor. One



Chapter one: Introduction

solution to understanding organizational process change and forecasting the impact of

change and improvement are the simulation models of software processes [Kellner 1999].

1.1.1. The software process

Generally, a process 15 a logical structure of technology, resources and practices in an
environment to accomplish certain tasks [Daniel 1996]. Examples of organisational or
business processes are supply chain processes, investment approval process etc.
Examples particular to software processes are the requirements gathering process, design

process etc.
Paulk et al. [1993] define the software process:

“A set of activities, methods, practices and transformations that people use to
develop and maintain software and the associated products (e.g., project plans,

design documents, code, test cases and user manuals)”

A software process encompasses activities from requirements gathering to software
maintenance and evolution. The choice of methods, work practices, organizational and
human factors, management decisions, technology and tools are factors which affect the

overall software development process in an organization.

1.1.2. Simulation modelling

A model is an abstraction of a real or conceptual phenomenon. Pidd [1996] defines a

model:

“A model is an external and explicit representation of part of a reality as seen by

the people who wish to use that model to understand, to change, to manage and to

control that part of reality.”

Modelling is a set of activities for building a sufficient representation of a problem using
mathematical or visual constructs sometimes using a modelling tool (language,

technique) to understand, to change, to manage and to control the features of the
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underlying problem. It is the modelling process that transforms the part of reality under

study into a physical representation 1.e. a model. David [2001] defines modelling:

“Modelling is the action of developing and intentionally building models, by
composition of symbols, that are capable of explaining what is perceived to be a

complex phenomenon and amplifying an actor’s reasoning when projecting

deliberate intervention within the phenomenon, designed in particular to

anticipate the consequences of these projects of possible actions.”

Computer simulation came into research and practice nearly 50 years ago [Nance and
Sargent 2002]. Since then simulation,technologﬁy has widely been accepted as a planning
and problem solving tool in a variety of domains including military, air traffic control,
business process reengineering, economics, engineering, manufacturing, computer

science, and healthcare.

A simulation model represents features and characteristics of a real or conceptual system
in a dynamic manner. Kellner et al. [1999] states that a computer simulation model is a
gomputerised model designed and implemented to represent significant dynamic features

and characteristics of the system which an analyst wishes to study, predict, modify or

control.
Banks [2001] defines simulation modelling as:

“Simulation is the imitation of the operation of a real world process or system
over time. Simulation involves the generation of an artificial history of the system,
and the observation of that artificial history to draw inferences concerning the

operating characteristics of the real system that is represented”
Shannon [1975] defines simulation modelling as:

“The process of designing a model of a real system and conducting experiments
with this model for the purpose of either of understanding behaviour of the system

or of evaluating various strategies (within the limits imposed by a criterion or set

of criteria) for the operation of the system”
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1.1.3. Software process simulation modelling (SPSM)

It 1s argued that development processes have effect on the timeliness, cost and quality of
finished products. Improvement in software processes relates to improvement in product
cost and quality [Paulk 1993]. However, software process improvement requires change,
and changing one process may affect (positively or negatively) the performance of other
processes. These effects may ripple through the whole software life cycle. This
uncertainty and stochasticity requires means to predict process behaviour in advance.
Therefore, Kellner et al. [1999] suggest that simulation modelling of software processes

1s particularly desirable when:
e Complexity is beyond human intuition.
e There 1s uncertainty and stochasticity in system behaviour.
e Risks in process change are very high.
¢ The system has some dynamic behaviour.

e Decisions made at one point in the system may impact on the process in other

aspects.

For example, in a software project there are a number of factors or causes that determine
the real behaviour of project progress. For example, one possible way to speed up a late
software project may be the hiring of new staff. But Brooks law [Brooks 1975] suggests
that hiring people late in the project can further delay various phases of the project;
because they need training and time to understand and contribute to the project. However,
the previous qualification, experience and productivity of additional staff may speed up
project progress after initially understanding the project. But then there are other
Intangible risks associated with new staff e.g. integration and coordination with the new
team and the organisational culture. These kind of relationships suggests a complex
mechanism In the process. Capturing and forecasting the effects of these complex

dynamic and stochastic relationships early in a project may allow better [:;Ianning and .
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project’s progress control. Otherwise unanticipated process behaviour at one process step

may ripple through the whole lifecycle of the project.

Therefore, simulation modelling of software processes has been promoted as a tool to
understand, study, and manage software development processes. A soffware process
simulation model 1s used to study some particular software activity, such as,
development, maintenance or evolution [Kellner et al. 1999]. Studies show that
simulation modelling has proved to be an effective tool to study organizational software

development processes and forecast potential change and improvement in those processes

[Raffo and Kellner 2000].

Software process simulation modelling (SPSM) has attracted increasing interest during
the last decade. Although simulation modelling has been applied very commonly in other
scientific and business processes [Christie 1999] e.g. defence, air traffic control, demand
& supply chains, it is relatively new to software engineering practices. System dynamics
and discrete event based techniques are the commonly used techniques and have been
reported to be effective in SPSM [Raffo 1998]. Since 1989, when Abdel-Hamid [1989]
developed a system dynamics model to study software processes, various issues such as
software process improvement [Abdel-Hamid and Madnick 1991, Raffo 1996], long-term
software evolution modelling [Wernick 1997], control and operational management
[Madachy 1994,] have been addressed through software process simulation modelling. It
is generally argued that simulation solutions are unlikely to give exact forecasts of real
process behaviour, but nevertheless give projections as to how the process will behave;
this stimulates debate and provides ways to learn about, and to improve the software

process [Donzelli and Iazeolla 2001].

Christie [1999] suggests other aspects of software development processes in which
simulation modelling can promise benefits e.g. requirements management, project
management, training, process improvement, architecture related to commercial off-the-

shelf component integration, risk management, acquisition management etc.
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1.2. Research project motivation

Claims have been made that simulation models are useful and effective at gaining insight
into software development [Kellner et al. 1999]. However, little has been said about the
process of developing simulation models in software engineering. An extensive literature
survey does not reveal any formal process being used for simulation modelling in
software engineering. The question arises, 1f we are promoting simulation modelling as a
tool for gaining insights into software engineering practices, why do we not appear to be
thinking about the quality of our own process of simulation model development? Most of
the software process simulation studies do not discuss the underlying process of model
development. No significant debate can be found about the modelling process in the
SPSM literature. Only recently, Rus et al. [2003] discuss the need to migrate software
process simulation modelling from craft to engineering. Based on their experience they
propose a systematic method for the development of discrete event simulation models.
Moreover, Pfahl and Ruhe [2002] report their process of developing system dynamics
models for software process improvement. However, the approaches reported by these

authors are based on their personal experience of simulation modelling.

Simulation researchers in Operational Research (OR) have identified various issues
arising from the weakness in the modelling process. An investigation of the simulation
modelling literature [Ahmed et al. 2004b] suggests that there are problems related to
model quality, model confidence, model documentation, inadequate management of
simulation projects, poor communication between stakeholders, model reuse, model
implementation and model evaluation. Similar issues are almost certain to arise in the

SPSM which does not seem to have much debate about simulation modelling process.

Simulation modelling research and practice has gained interest in software engineering
very recently. A number of simulation modellers have come together to form a software
process simulation modelling community. Although there is a body of knowledge
available in general simulation literature to guide and educate novices, the software
process simulation literature lacks information for novice software process simulation

modellers to understand and adopt a simulation modelling process. My preliminary
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investigation of simulation practices in SPSM [Ahmed et al. 2004b] suggests that
software process simulation modellers generally have a systematic process for model
development; however, the simulation modelling process in SPSM 1is the most
highlighted issue which needs attention. The survey results also suggest that most of the
respondents are very methodical, work on large problems; build large models, and
document their models formally. However, to most of the respondents say that
maintainability of models is not an issue. Evaluation is another issue highlighted by the
respondents. Questions arises as to what systematic process they use, what they mean by
formal documentation, why maintainability is not an issue, and how do they view
evaluation. These interesting questions motivated me to study practices of the expert
simulation modellers and devise a process for novice software process simulation
modellers, which is close to real world simulation practice. This thesis reports a process

framework developed and evaluated for novice software process simulation modellers.

1.3. Statement of contribution to knowledge

This study distinguishes itself from previous work done in software process simulation
modelling (SPSM) by emphasising on improving and bringing discipline to the practices

of novice software process simulation modellers.

This thesis presents the first process framework for novice software process simulation
modellers. No other such framework has been developed. The framework has been
developed on the basis of empirical data of best modelling practices. The study will be a
major contribution to improving simulation modelling practices of novice software

process simulation modellers.
1.4. Hypothesis
The hypothesis that this work addresses is:

A simulation modelling process will be helpful to novice software process simulation

modellers to improve their simulation modelling.
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1.5. Research questions

The following research questions are answered in order to develop and evaluate a
simulation modelling process for novice software process simulation modellers through
an empirical investigation. The first three research questions help collect and analyse the
data in order to develop a simulation modelling process; the fourth research question

aims to evaluate the simulation modelling process:

1. What are the modelling contexts of simulation modellers?

This research question aims to explore the contexts of simulation modellers and how their
contexts affect their approach to simulation modelling. In this research, contexts of
simulation modellers mean their problem domain, simulation tools used, the size and
complexity of problems and models, and teamwork. For this purpose expert simulation
modellers have been interviewed and the data collected have been analysed. Chapter 6

reports the results related to this question.

Rationale: Software process simulation modellers develop their models in varous
contexts. The context of a simulation modeller is believed to have effect on the way they
go about developing simulation models [Robinson 2002]. The problem domain, the scope
of the problem, simulation language/technique/package used, the size and complexity of
the problem simulated are a few of the contextual factors which may affect a modeller’s
approach to simulation model development. Therefore, it is important to investigate the
contexts of simulation modellers in order to define the scope under which an empirically

developed simulation modelling process should be used.
2. What are the practices of simulation modellers?

This question aims to explore the practices that simulation modellers employ for
simulation model development. For this purpose expert simulation modellers have been
interviewed and data collected has been analysed. Chapters 6 reports the results related to

this question.

Rationale: The practices of simulation modellers form their simulation modelling
processes. This question explores their habits, behaviour, and approach towards problem

understanding, model construction, experimentation, documentation, maintenance, and
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evaluation. It investigates how they view their overall simulation model development

process and what deficiencies they find in simulation practice. It also aims to explore

their view of best practices for simulation modelling in their specific contexts.

3. What process emerges by investigating the contexts and practices of simulation

modellers?

This question aims to determine what simulation modelling process may emerge from the
empirical data collected about the contexts and practices of simulation modellers. Chapter

7 reports the results to answer this research question.

Rationale: An investigation of the contexts and practices of expert simulation modellers
may reveal real world simulation practices which can be organised into a modelling
process. Studying the contexts and practices of both discrete event and continuous
simulation modellers may allow the identification of a generic simulation modelling

process which is independent of a particular simulation technique.

4. Will a simulation modelling process help novice software process simulation

modellers to improve their simulation modelling?

This question evaluates the RMSP and tests the hypothesis. For this purpose, controlled
experiments have been conducted with novices, and expert perspective about the RSMP

has been sought. Chapters 8 and 9 report the results related to this question.

Rationale: The RSMP has been developed by analysing the data collected from expert
simulation modellers. To test whether an empirically developed simulation modelling
processes will be helpful to novice software process simulation modellers, the RSMP has

been evaluated for its scope, understandability, usability, usefulness, and tailorability.
1.6. Objectives of the RSMP

The following objectives of developing a simulation modelling process have been
established after an extensive literature analysis (Chapter 2) and a preliminary survey

with expert software process simulation modellers (Chapter 5).
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I. Provide novice software process simulation modellers with a simulation modelling

process which 1s close to real world simulation practice

II. Develop a simulation modelling process which is independent of a particular

simulation technique (i.e. discrete event and system dynamics)
1.7. Methodology

This research project consists of three phases as tollowing:
e (Conceptualisation
e Developing the RSMP
e Evaluating the RSMP

Following I summarise each phase of my research

Conceptualisation

The conceptualisation phase consists of literature analysis and a preliminary survey with
software process simulation modellers. The overall aim of this phase is to conceptualise

the research problem and set the context and scope the research.

The software process simulation modelling literature and general simulation modelling
literature is analysed to generate the hypothesis on which this thesis is based. A
preliminary questionnaire survey with software process simulation modellers is

conducted to explore their practices and establish problems in the simulation modelling.

The conceptualisation results in my hypothesis and research questions and success

criteria on which the RSMP is evaluated.
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Formulating the RSMP

The second phase aims to answer the first three research questions. This phase consists of
semi-structured interviews with expert simulation modellers to explore their modelling

contexts and practices.

The results from my preliminary survey indicate that an in-depth comparative study of
the practices of software process simulation modeliers and general simulation modellers
is needed. I gain detailed insights into simulation modelling practices by interviewing
simulation modellers from both groups of modellers to explore and compare their
practices. The software process simulation modellers include practitioners and
researchers who simulate software engineering problems, and general simulation
modellers include practitioners and researchers who simulate business, manufacturing,

healthcare and defence problems. Simulation modelling is relatively new in software
engineering, whereas it is quite an established subject in other disciplines such as
operational research and manufacturing. A study of the two groups allows comparison
and 1dentification of deficiencies in modelling practices of software process simulation
modellers. Analysis of the data related to the contexts and practices of expert simulation

modellers underpins the development of the RSMP.

Evaluating the RSMP

Having created a simulation modelling process through an empirical study, this phase of
my research project aims to answer the fourth research question by evaluating the RSMP.
I evaluate the RSMP in two stages, which includes controlled experiments with novices

as the first stage and an expert panel evaluation as the second stage.

I design a two-phased laboratory study to evaluate the RSMP with novices. Two
comparative groups of novice software process simulation modellers were drawn for both
phases of the experiments. One of the two groups was trained with the RSMP and other
group used their own approach to develop a simulation model. The models produced by
both groups are evaluated on the assessment criteria and the RSMP is evaluated on the

evaluation criteria established prior to developing the RSMP.
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In the second stage, a panel of experts is provided with a detailed description of the
RMSP and a questionnaire to evaluate the RSMP. The panel of experts evaluate the
RSMP for its scope, understandability, usability, usefulness, and tailorability. The results
of this evaluation highlighted the strengths and deficiencies in the RSMP and suggested

many improvement.

1.8. Thesis organisation

The thesis is organised following the guidelines by Jedlitschka and Pfahl [2005] for
reporting empirical studies in software engineering. This includes a thorough background
and motivation of the research problem, rigorously reporting and justifying the research

methods, research instruments, results and interpretations, and conclusions.

The thesis has been divided in 4 parts comprising of 10 chapters in total. Figure 1.1

summarises the thesis organisation.
Part I of this thesis provides a background to the study.

Part II presents the background to research methodology and a detail account of the

research execution.

Part III reports on the analysis and interpretations of the results of all the empirical
studies conducted in this research, which includes a preliminary survey, interviews with

expert simulation modellers, developments of the RSMP, and evaluation of the RSMP.

Part IV presents the conclusions and future work.
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Figure 1.1: Thesis organisation
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1.8.1. Part I: Background

Chapter 1: Introduction

Chapter 2: Simulation modelling and modelling process

Chapter 2 sets out to present a review of the literature regarding software process
simulation modelling (SPSM) and simulation modelling processes reported in the

literature. It also explores the issues related to simulation modelling process. It builds an
argument that there is a need of discipline in simulation modelling alongside creativity. It

also establishes a justification for a process framework for novices in SPSM.

1.8.2. Part I1I: Methodology

Chapter 3: Background to research methodology

Chapter 3 discusses the background to the research methodology employed in this
research project. The chapter aims to provide a thorough background to my research
methods and a justification of employing these methods. It summarises empirical
methods in software engineering, a brief discussion on qualitative and quantitative
research methods and combining these methods; it also provide a justification as to how
these research methods suit for my research problem. The chapter also provides a detailed
overview of grounded theory, which is the prime research approach used in this project. It

gives a background to the data collection and analysis methods used in this research.

Chapter 4: Research strategy and execution

Chapter 4 reports on the strategy and execution of the research in the context of the
research methodology discussed in chapter 3. It describes each phase of the research; the
activities performed for data collection and analysis, and rationale for each activity. The
chapter also report on each of the research instrument, preliminary survey, semi-
structured interviews, controlled experiments, and expert panel evaluation used during

different phases of this research.
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1.8.3. Part 111: Results, analysis, and interpretations

Chapter 5: Preliminary survey

Chapter 5 reports on the first phase of this research which i1s based on a preliminary
survey of software process simulation modellers. The objective of the survey is to
identify the current state-of-the-art in software process simulation modelling. The chapter
presents results of data collected from the survey respondents. The results from this study
focus and conceptualise the problem area for the rest of the study. The output of this
phase was the final research questions. The results from this survey provide the rationale
for exploring various concepts in more depth for developing a rapid simulation modelling

process.

Chapter 6: Contexts and practices of simulation modellers

This chapter presents the results of the semi-structured interviews conducted with expert
simulation modellers in software engineering and operational research. The research
ﬁhdings in this chapter present an overview of contexts and practices of simulation
modellers participated in this study. These research findings relate the contexts of
simulation modellers and their practices which ultimately helps developing the RSMP.

This chapter answers first and second research questions of my thesis.

Chapter 7: Developing the RSMP

Chapter 7 describes the approach to developing the RSMP for novice SPSM modellers
and answers the third research question. The RSMP is based on the analysis of empirical
data collected 1n semi-structured interviews with expert modellers. It reports the analysis
of simulation modelling processes of each participant of the interview study. The chapter

describes each step taken during the development of the RSMP. It also compares the

RSMP with other processes reported 1n the literature.

Chapter 8: Evaluating the RSMP with novices

Chapter 8 sets out to present the results of first stage of evaluation plan for the RSMP,

which are controlled experiment with novices in SPSM. This chapter aims to answer
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fourth research question of this thesis. The RSMP has been evaluated for its
understandability, usability, and usefulness through two phased study of controlled

experiments with novices in SPSM.

Chapter 9: Evaluating the RSMP with experts

Chapter 9 also aims to answer the fourth research question. It presents the results of
expert panel evaluation of the RSMP. Expert panel evaluation is second of two staged
plan for evaluating the RSMP. The RSMP has been evaluated for its scope,

understandability, usability, usefulness, and tailorability through expert panel evaluation.

1.8.4. PartlIV: Conclusions

Chapter 10: Conclusions and future work

Chapter 10 presents a summary of the research. It concludes the main findings of this
research and discusses the contribution to knowledge on software process simulation
modelling. It discusses how well the research hypothesis has been proved. The chapter
also acknowledges on the weaknesses of the research process and methods and possibility
of improving the methods in future. Chapter 10 also discusses how the findings from this

research can be further expanded as future research work.
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2. Chapter two: Simulation modelling and modelling process

This chapter presents a discussion of the literature that underpins and provides the
context for this research project. This literature review also helps determine the
objectives of the RSMP. The reviewed literature includes discussion of software process
simulation modelling and its application in software engineering, simulation modelling
process issues and studies of training novices in conceptual modelling. The overall aims

of this literature review are:

e To gain an understanding of simulation modelling and its applications in software

engineering
o To investigate the simulation modelling process and issues related to it

e To justify the need for a process framework for novice software process

“simulation modellers

- The chapter has been organised in 7 sections. Section 2.1 gives a brief account of the
types of simulation modelling being applied in software engineering. Section 2.2
discusses the areas of software engineering in which simulation modelling has been
applied. Section 2.3 discusses characterisation of simulation modelling practice on the
basis of types of models, the modelling process, and the modeller. Section 2.4 argues that
there 1s a need for disciplined process of simulation model development. Section 2.5
retlects on the simulation modelling processes reported in the literature and their
limitations. Section 2.6 describes the rationale behind the development of a process

framework for novice software process simulation modellers. Section 2.7 concludes the

chapter.

2.1. Software process simulation modelling

Growing competition In the software industry has resulted in increasingly complex
software processes to address issues related to quality, cost and time to market. The
software process is a collection of different activities, for example, cost estimation, size

estimation, requirement specification and analysis, initial design, detailed design,
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implementation, code inspections, and testing ,etc.; all these activities have various issues

and complexity; few examples are shown in next subsections.

Simulation can provide insights into complex process behaviour which allows the
managers to study the issues such as cost, quality, and schedule and take appropriate
decisions. The software process includes activities that can be identified as sequential that
are discrete events and also continuous that can be performed concurrently. Therefore,
discrete event and continuous simulation are the commonly used simulation techniques

for the simulation of software processes.

2.1.1. Discrete event simnulation

Discrete event models have been widely used for simulating supply chains and the
assembly lines of manufacturing plants [Christie 1999]. This type of modelling is
particularly appealing when a process is viewed as a sequence of activities. Discrete
‘event models represent a finite number of events in a system between which nothing
important happens. A number of studies have been reported in the software engineering

litef_ature that make use of discrete event simulation modelling [Kellner et al. 1999].

Donzelh and Iazeolla [2001] say that the software development process, historically, has
been considered as a sequence of discrete activities. Lifecycle models like the waterfall or
spiral model propose a generic set of activities for the control and management of
software development. Moreover, recently, the Capability Maturity Model (CMM)
stresses the 1mportance of a description of the process as a detailed sequence of
repeatable activities [Paulk et al. 1993]. A discrete event model allows us to represent the
sequential interdependence that occurs between activities in a project. Activities in a
development process, for example, may be delayed when a programmer is diverted to
another task. Testing may be delayed until a test bed is released. If a model can capture
these dependencies at a sufficiently detailed level, it may show ways to alter the process

to reduce risk or increase efficiency [Martin and Raffo 1999].

A discrete model advances time only when an event occurs. This means that continuously

changing variables are only updated at the times when events happen. In a discrete event
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model, interdependence between events or activities 1s sequential; therefore, discrete
event models are not well suited to represent dynamic concurrent activities

interconnected through feedback loops [Martin and Ratio 1999].

Figure 3.1 represent a review process modelled using a discrete event simulation
environment [Huff 1997]. Figure 3.1 shows that review process is a sequential activity. It
has ten items waiting to be reviewed; each item goes through the review process

sequentially.

Figure 2.1: An example of discrete event model [Huff 1997]
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2.1.2. Continuous models

In continuous models the system is represented by continuous quantities that may change
at every instant of time. The structure of the system is typically shown by causal feedback
loops, and system state is shown by flows and level variable values. System dynamics
modelling 1s the popular approach used for continuous time simulation [Donzelli. and
lazeolla 2001]). Abdel-Hamid and Madnick [1991] extended this work to software
projects. Later work by Madachy [1994] modelled a more detailed development process.
Tvedt and Collefello [1995] used system dynamics to model the software Inspection

process.
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System dynamic models are based on cause-effect relationships that can be observed in
real systems [Tvedt and Collefello 1995]. An example of cause-effect relationships may
be a project behind schedule [Tvedt and Collefello 1995]). There are a number of factors
or causes that determine the real behaviour of project progress. For example, one possible
way to speed up the project may be the hiring of new staff. But Brooks law [Brooks
1975] states that hiring people late in the project can further delay the project, because
they need training and time to understand the project. However, people’s qualification,
experience and productivity may speed up project progress as anticipated. This kind of
relationship suggests a feedback mechanism in the process. Therefore, the most powerful
feature of system dynamics modelling is realised when multiple cause-effect relationships

are connected together to form a circular relationship, called a feedback loop [Donzelli

and Iazeolla 2001].

Donzelli and Iazeolla [2001] say that while the behaviour of continuous variables can be
described well in a system dynamics model, it is a difficult way to describe process steps
sequentially. Although it 1s possible to represent discrete activities in a system dynamics
model, the nature of the approach require that all variables should be updated at every
time 1nterval. If the process contains sequential activities, mechanisms must be added to
pre{fent all activities from executing at once [Donzelli and Iazeolla 2001]. For example,
Martin and Ratfo [1999] say if we model the software process as define, design, code and
test activities, as soon as some code is defined, design starts. If we want to model a
process that completes all design work before coding starts, we would have to create an

explicit mechanism to control the sequencing.

The FEAST project at Impenial College London [FEAST 1 &II] has been an influential
simulation study for software processes after Abdel-Hamid’s [1989]. Figure 2.2
represents a cause-effect relationship (called an influence diagram) in a so called ideal
software evolution process [Lehman and Ramil 1999]. Figure 2.2 shows that productivity
influences and is influenced by many factors. Productivity affects implementation flow,
and mmplementation flow affects cumulative progressive work and finally cumulative

progressive work atfects productivity. In real software process these complex feedback
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loops influence the software process significantly and it is desirable to understand and

take account of these effects in advance.

Figure 2.2: A software evolution process (cause-effect relationship) [Lehman and Ramil 1999]
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System dynamics models describe the system in terms of “flows” that accumulate in
various “levels”. The tlows can be dynamic functions or can be the consequence of other
“auxiliary” variables. As the simulation advances time in small evenly spaced
Increments, it computes the changes in levels and flow rates. For example, the error
generation rate may be treated as a “flow” and the current number of errors could be
treated as a “level”. This allows the model to capture the stability or instability of
feedback loops. A system dynamics model can be valuable in finding the levels where a
model can become unstable, or in predicting the unanticipated side effects of a change in
a system vanable. Fig 2.3 i1s a stock-flow diagram representing an ideal software
evolution process [Lehman and Ramil 1999] developed for the FEAST project at
Imperial College London.

2.1.3. Hybrid models

As the above discussion suggests, it is not possible to capture all aspects of a software
development process by using only one simulation modelling technique. Simulation
modellers may come up with combined models that facilitate all aspects of a software
process. Rus et al. [1999] used a combined technique for software reliability management
for a defence project. Donzelli and Iazeolla [2001] developed a hybrid model for
waterfall development approach that combines discrete modelling, system dynamics and
another technique called analytical modelling. Martin and Raffo [1999] discuss the issues
involved 1n development of combined models, especially the integration between discrete

and continuous models.

2.2. Application areas of software process simulation modelling

A wide range of simulation studies can be found in the literature applied in different areas
of software engineering. Kellner et al. [1999] categorises the particular areas of software

engineering in which simulation modelling has been applied:
¢ Strategic management of software processes

e Software project planning
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e (Control and operational management

e Process improvement and technology adoption
e Understanding of software processes

¢ Training and learning in software engineering

2.2.1. Strategic management of software process/projects

Simulation can be helpful to inform strategic management for effective decision making.
Strategic decisions such as outsourcing, bidding, process adoption and adaptation, and
policy analysis have been studied through simulation. Simulation provides software

development managers with different scenarios to assist in decision making.

Roehling et al. [2000] report on using simulation to improve software maintenance
outsourcing strategies. They studied the dynamics impacting the positive and negative
outcomes of outsourcing relationships. Their model benefits the outsourcing decision
makers by providing insights into the dynamics and constraints of an outsourcing
relationship. Moreover, the model helps outsourcing managers with continuous learning
to formulate strategies resulting in successful outsourcing. The model provides managers
with a set of generic building blocks to simulate outsourcings decisions under different

“what if’ scenarios.

Kitchenham et al. [2003] describe a bidding model to visualize the uncertainties involved
in the software pricing decisions using simulation. Their model aims to provide
information to different organization roles about the software bidding process, the
uncertainties and risks involved in bidding and fixing appropriate prices and delivery
schedule for software under different scenarios. This model 1s a generic model
representing the basic structure of the software bidding process and can be specialized for

specific contexts.

Henderson and Howard [2000] report on the effectiveness of simulation for adopting a

process strategy for large scale software development. Their model represents software
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development as a manufacturing activity, consisting of an integrated framework of
several independent software development activities producing complex large scale
software. They report how using system dynamics modelling helped them understand and

predict the benetfits of this process strategy.

Williford and Chang [1999] present a system dynamics model for planning the IT
strategy at FedEx. This provides a decision aiding tool for funding over a five years
period. They modelled the role of IT in cross-organisational processes for supporting new
services. Moreover, they studied the effect of courier workloads on software development
and maintenance. Their model helped FedEx’s IT division allocate resources and decide

on a CMM advancement initiative for improved productivity.
2.2.2. Software project planning

Software project planning entails various decisions and tradeoffs on cost, quality,
- scheduling, staffing, and effort. The risks associated with the tradeoffs made in software
project planning can be studied using simulation. Various studies report on the
eftectiveness of simulation to help the management function for software project
planning. Moreover, simulation has been used to adopt a best process from different

process alternatives to suit a particular project.

Abdel-Hamid [1989] studied software project staffing using system dynamics. His model
helps project managers with managerial and operational aspects of staffing decisions for
planning and projection of software projects. This model was used as an experimentation
tool to study and predict the implication of different staffing policies on real software

project behaviour.

Ruiz et al. [2001] report on developing a system dynamics model for software project
cost estimation. They say that their model is particularly useful when there is little
historical data available for cost estimation. Their model is also useful for training project

managers with cost estimation.
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Powell [2004] reports a system dynamics model for studying the dynamics of concurrent
software development. He reports on how simulation helped estimate the cost and

planning of concurrent activities scheduled in a time constrained environment.
2.2.3. Control and operational management

Simulation has also been used successfully for the control and operational management
of software projects and processes. Simulation can aid the operational management of a
software project by comparing the current status of a project with forecasted values of a
simulation. Then policies on resource allocation, cost and schedule can be reviewed and
mechanisms can be devised for the control of the project. Simulation can also help
examine the outcome of a process implementation by comparing it against the projected

values through simulation.

Raffo et al. [2000] report a discrete event simulation model for a software project
management controlling function by coordinating metrics within the model. Their model
was used to track project performance and the impact of various managerial decisions.
The model helps project managers to evaluate the current status of the project and devise

operational decisions to control performance.

Pfahl and Lebsanft [1999] integrate the GQM approach with a system dynamics model
for software project planning, control and management. Their model provided Siemens
Private Network with an effective tool to understand and control the dynamic

relationships between project duration and product quality.

2.2.4. Process improvement and technology adoption

Software process improvement is another area in which simulation has been applied with
effective results. Software companies are facing the issue of process improvement and
adaptation with fierce competition in the industry. Simulation can be used to analyse and
forecast the eftect of potential process change and improvement. It can be used to select
the best process from different process alternatives. Moreover, simulation can facilitate
process evaluation by comparing the outcome of process implementation with the

projected outcome.
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Christie [1999] reflects on how using simulation can be useful for CMM based process
improvement initiatives. He says that the complexities resulting from dynamic feedback
loops of software development processes cannot be comprehended mentally or intuitively
by managers. Simulation provides a relatively reliable forecasting method to predict and
evaluate process change and improvement. He describes how simulation should be

implemented to gain process maturity for different CMM levels.

Scacchi [2000] reports on the effectiveness of simulation for software process redesign.
He presents an approach to analyse the existing software process and redesign the
software process through simulation based on knowledge gained through process
analysis. He created a simulator which allows interactively observing and browsing a
process model using a graphical user interface; this facilitates analysis of existing process

and the redesign of the process model.

Donzelh and Iazoella [2001] report a hybrid simulation model combining discrete event
and continuous simulation paradigms for software process improvement. They simulated
a waterfall-based software process to study the effects of requirements instability on
effort, delivery time, productivity, rework percentage and product quality. The analysis of
simulation results gained helped them decide on how to improve the software process to

address these 1ssues.

Simulation has also been used to study and manage the impact of technology adoption.
Baik et al. [2001] report on using simulation to study and control the effect of COTS
(commercial-off-the-shelf) based development process. Simulation helped them adapt the

process for COTS integration and manage the risk associated with COTS introduction.

2.2.5. Understanding software processes

Simulation can also benefit the understanding of process and factors affecting the process
which 1s difficult to identify intuitively. Simulation can be particularly helpful in
understanding feedback loops in software processes and the complex interrelationship

between cost, quality, and time.
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Misic et al. [2004] used system dynamics to understand the dynamics of pair
programming and task switching in extreme programming practices compared to
traditional ones. They modelled factors like, pair personalities, expertise, compatibility,
pair switching and task switching to study the effect of these factors on productivity.

They highlight what factors make extreme programming advantageous over traditional

programming practice.

Wernick and Lehman [1999] simulated the impact of feedback on the long-term

evolution of software systems. They modelled a very high level abstraction of factors to

understand their effect on long-term software evolution.

2.2.6. Training and education in software engineering

Training and learning about software processes or project management can also be
achieved through simulation. Although this objective is similar to understanding,

nevertheless, the explicit goal can be teaching and education.

Drappa and Ludewig [1999] developed an interactive animated simulation model aiming
to provide a training environment for future project managers. Their model emulates
certain aspects of software project development processes providing descriptive and
quantitative insights to learners. They tested this training tool with software project
management students and found it effective at teaching the dynamics of software

development processes.
2.3. Modes of simulation practice

The software process simulation modelling literature does not discuss a classification of
simulation models or simulation modelling practice. However, in operational research,
Robinson [2002] classifies three modes of simulation on the basis of the characteristics of
the simulation model, the modelling process, and the modellers. The three modes of
simulation are, simulation as software engineering, simulation as a process of
organisational change, and simulation as facilitation. An analysis of the software process
simulation literature and discussion with the modellers suggests that the mode of

simulation practice in software process simulation resembles very much with the latter
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two categories. Table 2.1, reproduced from Robinson [2002] summarises the modes of

simulation practice with respect to their facets.
2.3.1. Simulation as software engineering

This mode of simulation entails building very large models, built and used for years, and
are reusable. They are built using a simulation or programming language. The project
may take years to complete, will have many users, and will be highly costly. Client
involvement is only for requirements gathering while the model is built in isolation from
the customer. The customer is involved only for model experimentation. Validation of the
model is conducted by the modeller(s) or by a third party. Many modellers participate in
the development of simulation models of this kind. Military combat simulation, flight

simulators, video games are the examples of such models.

From the software process simulation literature, I could not find an example of such

simulation models.

2.3.2. Simulation as process of organisational change

In this mode of simulation practice, the modeller acts as an agent of organisational
process change. The modeller usually builds small or medium size models, which take
weeks or months to build. Normally the models are throw-away; however, in some
situation they may be used in the longer term. Simulation language or visual interactive
tools are typically used to build such models. The models are aimed at answering specific
questions; there are many iterations through the modelling process; the customer is highly
involved in the modelling process, and validation is done both by the modeller and the
customer. Usually only one modeller is involved and the predominant skill required 1s
modelling. Example of such models are supply chain models, assembly line models,
health care models. This is the most commonly used mode of simulation in the business

domain.

Example of such models in SPSM could be the simulation model developed by Rus et al.

[1999] for software reliability management. Similarly, the system dynamics model
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developed by Willitord and Chang [1999] for IT strategy tor FedEx IT division may fall

into this category.

Table 2.1: Modes of simulation practice [Robinson 2002]

Simulation as

Facet
1.Simulation model

Prime motivation

Size of the model

Longevity of model

Model reuse

Software for the model

2.Modelling process

Purpose

Length of the project

iteration through stages
in the project

Beneficiaries

Beneficiaries
involvement

Learning

Software engineering

Representation

Large scale

Long-term (years)

Reusable

Programming
language/simulation
language

A process of
organisational change

Intervention in a
problem situation

Small scale

Short-term
(months/weeks)

Throw-away, possibly
after customer use for
experimentation

Simulation
language/visual
interactive modelling

system

“Facilitation

Understanding and
provoking debate about
a problem situation

Quick-and-dirty

Short-term
(weeks/days)

Throw-away

Visual interactive
modelling system

Many questions could
be asked of the model

Years

Limited iteration

Users

Experimentation only

From experimentation
with the model

Specific questions to be
answered

Months/weeks

Frequent iteration

Customer

High at times e.q.
conceptualisation,
validation and
experimentation

From the modelling
process

Vague questions to be
answered

-Weeks/days

Highly iterative

Customer

Very high throughout

From the debate
surrounding the
modelling process

Validating the model Modeller and Modeller and customer  Modeller and customer
independent V&V
Medium Low
Cost High
3.The modeliers
Number of modellers Many One One
Predominant skill Software development  Modelling Process management
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2.3.3. Simulation as facilitation

Robinson [2002] says that this is a special case of simulation in which the modeller along
with the customer develops a model very quickly while the aim is just to understand a
problem situation and provoke debate. Such models are throw-away and the modelling
process is highly iterative. Questions to be answered are vague, accuracy 1s not important
but the understanding gained through modelling 1s important. Customer involvement 1s
very high throughout the model development. Such models are comparatively low cost

and the predominant skill required of the modeller i1s process management.

Examples of such models in SPSM can be the system dynamics model developed by
Misic et al. [2004] to understand the dynamics of pair programming, and the simulation
study reported by Pondar and Mikac [2001] to analyse software maintenance process

using discrete event simulation.

2.4. Simulation modelling: A background discussion

This section introduces the simulation modelling process; discusses the role of creativity
and discipline in simulation modelling; rationalises the need of a disciplined approach for
simulation model development; and presents the issues which may arise due to the

weakness in simulation modelling process.

2.4.1. Simulation modelling process

Models are the products that are visible, and modelling is the act of developing a model.
The modelling process can potentially affect the quality of the model developed
[Eriksson 2003]. Modelling activities in the organizational environment involve people,
technology and tools. The question*is, in such an environment where tools, technology
and people collaborate, what establishes a framework between these entities. Historically,
the motivation behind defining a process for any production activity i1s to establish a
framework between these entities so that they should be utilised at the highest possible

value and quality [Humphrey and Kellner 1989].
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“Process is the logical structure of people, technology, and practices that are
organized into work activities designed to transform information, materials and

energy into specified end result(s) " [Kellner et al. 1999].

A process defines the set of steps that should be undertaken to accomplish the tasks
effectively [Humphrey 2003]. A process categorizes the responsibilities and activities
particular to people and tools, also the rules to organising those activities. Therefore, a
simulation modelling process suggests a set of activities that should be undertaken to

develop a simulation model.

Humphrey [1997] states that a good process brings discipline in human activities and
improve the quality of products. It is the process that can effectively help engineers to
produce high quality products, with reduced time, and control over cost [Cugola &
Ghezzi 1998]. Studies have shown that a standardized process can significantly improve
quality and productivity (Herbsleb et al. 1994; Harter et al. 2000; Krishnan et al. 2000).
This suggests that a good process for simulation model development may also improve

simulation model quality and increase the productivity of modellers.

Several simulation modelling processes has been reported in the literature, which will be
discussed in Section 2.5. However, before that it 1s important to reflect on the debate of

discipline vs. creativity in the process of simulation model development.
2.4.2. Simulation and creativity

Shannon [1975] says that simulation modelling i1s both art and science; producing art
needs creativity [Kneller 1965], therefore simulation modelling needs creativity. Many
simulation modellers believe that simulation is a creative accomplishment and if it is
limited by process constraints, creativity may also be limited [Powell 1995]. A simulation
model 1s considered as a debating vehicle which can elicit knowledge and propose
solutions to customers [Robinson 1994]. Paul et al. [2003] say a fixed process of

simulation model development may not be applicable in all situations:

“One can instantly see that fixed structure to develop simulation models will not

be able to cope with all the situations at all times”
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Haworth et al. [2005] suggest that creativity is a process of depicting the personal 1deas
and 1imagination of an artist, therefore, creativity is said to be an activity that 1s an 1deas-
oriented activity. Paul et al. [2003] says that simulation 1s aimed at suggesting solutions
to the customer problems to facilitate decision making. Merleau-Ponty [1964] says that
an artist’s style, the he/she imagines the world, is not something that 1s developed
consciously in an order; rather it 1s developed through a series of personal experiences,
observations and chain of perceptions. Therefore many times one artist’s view of the
world is very different from those of others. Simulation modelling, however, cannot be
considered an absolute artistic or creative activity. Simulation modelling 1s also a solution
oriented activity in which a modeller facilitates the client with a range of possible
solutions by eliciting knowledge from the client [Paul et al. 2003]. Csikszentmihalyi
[1988] says that creativity is the product of three main shaping forces; a set of social
institutions or field, a cultural domain, and the individual. In addition to that, a tourth

shaping force 1s added in the production of a simulation model, the client. Therefore a
simulation modeller’s style not only depends on the personal experiences but also on
client intervention. This changes the whole nature of creative endeavour in simulation
modelling. The contrast between the nature of simulation modelling and art can be

described as:

e Art i1s ideas oriented [Haworth et al. 2005], simulation 1s solution/decision

oriented [Paul et al. 2003]

e The artist conforms the world to his/her own view [Csikszentmihalyr 1988], the

simulation modeller conforms the world to the client’s view [Paul et al. 2003]

e The artist is bound by personal intellectual requirements/feelings [Kneller 1965],

simulation modeller is bound by customer requirements and commercial pressures

|[Robinson 1998]

There are situations 1n which art is to be developed for a client. In this case where the
client enters as an intervening force, developing art and developing simulation will have

more similarities.
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Haworth et al. [2005] describe the nature of creativity

“Creativity is not a search for absolute unchanging truths, but ideas and forms in
which we can come to rest provisionally, with inter-subjectivity resulting from the

communality of the body.”

This is also true for simulation that we are not always looking for absolute truths
(solutions) through simulation rather a range of possible solutions. This 1s one great
commonality between art and simulation, which perhaps has convinced a number of
simulation modellers of an absolute equivalence between simulation and art. However,
taking the previously mentioned difference between simulation and art into account,

simulation is said to be a solution oriented creative activity.

2.4.3. Discipline vs. creativity in simulation

In the previous section, I discussed the similarities between simulation and art. In this

section I attempt to describe the role of creativity and discipline in simulation to

justify the need of process for simulation modelling.

Simohton [2002] suggests that creativity can be considered a constrained stochastic
process; that is creativity is not completely random or stochastic, rather loosely bound
in the rules of the domain for which creativity is needed. Johnson-Laird [1988] says
that there can be many criteria of creative processes on which a creator may rely;
some of those criteria will be common to many practitioners while others may depend
on Individual aptitude and style. Simonton [2002] further states that the
multidimensional nature of a creative domain makes it very difficult for a person to
decide what is right or which way of doing something is right. However, defining
some constraints make 1t easier for the person to have confidence in the vahidity of

his/her creative process. As Haworth et al. [2005] say:

“Random happenings in the process of making art are critical to the creative
process, enhancing freedom of choice. In turn, however, choice can be tyrannical,

if it is not embedded in constraints, which may originate from the individual,

group, and society.”
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This suggests that creative process does not consist of only stochastic random activities

but there 1s some structure in the creative process. As Kneller [1963] says:

“Creative thinking usually begins with a problematic situation, which is
incomplete in some way. The thinker grasps this problem as a whole. Then the
dynamics of the problem itself, the forces and tensions within it, set up similar
lines of stress within his mind. By following these lines of stress the thinker
arrives at as solution which restores the harmony of the whole. Throughout this
process he satisfies an inborn urge to grasp a whole pattern and restore it to

order... the entire process is one consistent line of thinking”

It worthwhile noting that the domains where creative endeavour is aimed at providing
solutions to the customer and commercial pressures haunt the practitioners; process-based
approaches to bring discipline in practices have been suggested to increase productivity
and quality. For example, in the early days, software development was also considered a
creative activity [Humphrey 1997]. Later researchers proposed process maturity not only
at an organisational and team level but even for individual programmers. The personal
software process is one example, proposed by Humphrey [1997] to bring discipline in the
habits of individual programmers. Ferguson et. al. [1997] suggest why discipline is

needed alongside creativity:

“In most professions, competent work requires the disciplined use of established
practices. It is not a matter of creativity versus discipline, but one of bringing

discipline to the work so that creativity can happen. The use of plans and

procedures brings order and efficiency to any job and allows workers to
concentrate on producing a superior product. A disciplined effort, too, removes

waste, error, and inefficiency, freeing financial resources for better uses.”

The software process simulation modelling literature does not provide much debate on
the process of developing simulation models. It is not clear whether software process
simulation modellers simply do not report on the modelling process because they are
using a good process or they are not interested in the modelling process. However, 1t

seems that modellers are more interested in the end product than the process of creating
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that product. In simulation, where the world is driven by time constraints, commercial
pressures, and competition, weakness in the modelling process may bring up many 1ssues

as discussed in next section. Therefore, Gass [1987] suggested:

“We need to get away from the crutch that modelling is an art. Guidelines need to
be proposed, methodologies for validation and evaluation need to be formalized
and applied; and the concept that modelling is a profession with standards must
be brought into education and on-the-job training activities of the coming

generation of analysts.”

As yet, there 1s not much evidence in the literature that without following a process for
model construction a model 1s of good or bad quality, but it can be argued that a model’s

quality is questionable if i1t is constructed without taking the process into account

[Eriksson 2003]. As he states:

“Since the quality of the models themselves affects the quality of creation that are
guided by these models, it is important to reflect upon the process of model
construction in order to understand its basic characteristics and gain insight into

how these contributions may successfully be employed.”

A process-based approach to simulation model development is similar to process-based
development in any engineering discipline and a creative approach has similarities with
agile methods for product development. It would be interesting to note that, in most
solution based professions where human intellect is involved, such as software
development, requirement engineering, simulation modelling, and conceptual modelling,
there is a always a debate between process champions and art champions. Lycett et al.
|2003] examine the rationale behind process based and agile based approaches. They say
that the principles governing process-based approaches are formalism, standardisation to
enhance coordination and communication, and economics. On the other hand, the
principles governing agile approaches are flexibility, individual excellence, peer-based

knowledge capture, and putting minimal effort to get the task done.
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Agile approach has some similarity with creative approach because of its heavy reliance
on individual excellence and flexibility. While both process-based and agile approaches
have shown benefits for quality and productivity [Krishnan et al. 2000, Stark and Crocker
2003] in different contexts, Lycett et al. [2003] show that agile values and principles can
be implemented within a process based approach. Similarly in the case of simulation
modelling, I argue that the creative principles of simulation modelling can be
incorporated in a disciplined framework for simulation model development, as Ferguson

et al. [1997] suggest, “It is not a matter of creativity versus discipline, but one of bringing

discipline to the work so that creativity can happen’.

A disciplined simulation modelling process that provides room for creative aspects of
simulation 1s likely to produce good simulation models efficiently. Therefore I aim to
develop a simulation modelling process which is likely to bring discipline in simulation

modelling and is flexible enough to be tailored to individual needs.
2.4.4. Potential issues arising due to weakness in the modelling process

Weaknesses in the modelling process have raised certain issues to researchers in
operational research. Similar issues are likely arise in the simulation modelling of
software processes especially as simulation modelling practices increase in software
engineering. Many of these problems are similar to the problems that existed and exist
even today in software development due to pitfalls in development process. The reported
issues are model quality, model confidence, model documentation, inadequate
management of simulation projects, poor communication between stakeholders, model

reuse both 1n terms of experience and components, and model implementation.

Model Quality

“Nobody solves the problem. Rather, everybody solves the model that he has
constructed of the problem.” [Elmaghraby 1968]

Robinson [1998] says that little research has been performed to assess the effect of
quality of simulation modelling process on the quality of simulation models. Robinson

[2002a] says the quality of the modelling process improves model quality. Many other
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authors believe that modelling process has a relation with the quality of model produced.
Balci [1986] states that there is no precise and agreed means to assess the quality of
models at present, however, systemizing the modelling process may improve the quality

of the models. Eriksson [2003] and Gass [1987] also reflect on the importance of

modelling process in producing high quality models.

Model Confidence

Ramesh [1997] states that the modelling process has an enormous effect on the
confidence 1n the model held by the client. Ramesh [1997] further states that a modelling
process must have high customer involvement and documentation should be provided to
make the model more credible to the customer. A model used by one individual/decision-

maker may appear to be useless or less effective to a new decision-maker unless they are
provided with proper material (documentation) to gain confidence in the model [Gass &
Joel 1981]. Provision of such material should be part of the modelling process. Model
confidence is a property of the person who uses the model rather than the model itself.

Users will use the model only if they are certain that the model works according to their

criteria.

“The materials furnished should enable the decision maker to evaluate the
model vis-a-vis any formal or informal criteria used to establish a measure of
confidence. Not to produce the materials represents a failure in the model

development process.” [Gass & Joel 1981].
Documentation

“"We do not know of any model assessment or modelling project review that

indicates satisfaction with the available documentation.” [Gass 1983]

Foss et al. [1998] say that most simulation models are poorly documented, therefore,
rarely reused. The models will evolve and be redefined over the period of time and
managers who use the models may change frequently. Foss et al. [1998] further state that
poOOr documentatibn makes it very hard to maintain the models. Changing objectives and

policies may require change in the model many times in its lifecycle [Balci 1986].
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Therefore, models should be documented systematically to reflect any changes in the
model so that the potential users of the model should be able to understand and use them

effectively.

Inadequate management

The U.S. GAO (General Accounting Office) submitted an analysis report of 33 federally
funded models of different categories to the US Congress in 1976. The report identifies
three main management problems which put modelling projects in difficulties i.e.
inadequate management planning (70%), inadequate management coordination (15%)
and inadequate management commitment (15%) [Balci 1986, Gass 1987]. Gass [1987]
believes that these projects experienced problems due to poor management of the
modelling process. In software engineering, process advocates claim that a formal
process for software development can be effective to overcome such management
difficulties [Humphrey and Kellner 1989]. We need to find out if such problems exist in
software process simulation modelling and whether the use of a formal process will

overcome them.
Poor communication

“All too often, model developers go off by themselves for a year and then proudly

drop the ‘completed’, never to be used model on the sponsor’s desk.” [Annino &

Russell 1979]

Customer communication is considered very important in simulation model development;
Paul et al. [2003] say whole exercise of model development actually revolves around
customer communication. Poor communication between modeller and the customer may
prove to be a significant problem for simulation project success [Taylor 2000]}. Robinson
and Pidd [1998] found that communication between modeller and the customer plays key
role to the success of a simulation study. Willemain [1994] highlights the importance of
communication in a survey of expert modellers. Gass et al. [1978] indicate a strong need

of model user and developer communication to improve a model’s quality.
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Reiuse

—-—ﬂI

Robinson et al [2004] note that there is little motivation amongst simulation modellers to
adopt procedures to employ reuse in their simulation modelling practice. Professor Ray
Paul in [Taylor et al. 2004] says that in order to employ reuse, a modeller needs to adjust
his/her simulation modelling process. Not using experience from past modelling projects
has been reported as a deficiency in the modelling process [Balci 1986]. Many times a
component of some earlier model may be usable in the new one. This is similar to
software components reuse in software engineering. Foss et al. [1998] suggests that in a
systematic model development process the modeller may take care of reuse in the model

design, and produce documentation which enables reuse.

Model Implementation

Another problem reported in the OR literature is that there are too many models
developed and too few are practically used by management [David 2001, Little 1970,
Gass & Joel 1981]. We need to find out if such a situation exists with software
engineering decision models. Reported reasons for this are; good models are hard to find,
cood parameterization is even harder, managers do not understand the models and many

models remain incomplete because of poor quality of modelling process [David 2001].
2.5. Modelling processes reported in the literature

Both in the software process simulation literature and the general simulation literature,
authors have reported various proposed and practiced processes for simulation model
development. In the following subsections, I will briefly describe some of these

processes. The RSMP is compared with these processes in Chapter 7.

2.5.1. Modelling processes in software process simulation

Very little debate is reported about the simulation modelling process in the software
process simulation modelling literature. An extensive literature survey revealed only two

papers, Pfahl and Ruhe [2002] and Rus et al. [2003] reflecting on the simulation

modelling process.
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Pfahl and Ruhe [2002] report a framework, “integrated methodology for measurement,
modelling and simulation (IMMOoS)”, for the development of system dynamics models of

software engineering problems. The IMMoS is a very rigorous and formal methodology

The process has been described in a linear fashion, however, according to the authors;
there would be iteration in the actual model development process. Pfahl and Ruhe’s
process model takes into account different roles involved in the simulation modelling
process such as the customer, the model user, the problem domain expert, and the model
developer. IMMoS was evolved by the authors over several years of experience of
working with system dynamics modelling in software engineering. IMMoS also takes
into account the managerial aspects of simulation modelling. Because of its very formal
nature, IMMoS i1s quite a heavy weight process and may suit only large scale projects; it

1s also targeted specifically at system dynamics modelling.

Rus at al. [2001] propose a simulation modelling process for the development of discrete
event models of software development processes. This process model consists of four
phases; this is similar to the classic waterfall model although validation and verification
1s conducted concurrently with model development. Rus et al. [2003] mention that the
process 1S 1terative in nature, however, the reader naturally gets an impression that it is a

linear process by the way it is represented.

2.5.2. Modelling processes in operational research simulation

In contrast to software engineering, operational research (OR) has a long history of
simulation modelling practices. Pidd [1999] considers modelling as the technical heart of
OR. A relatively extensive debate can be found about the importance of the modelling
process 1n the OR literature. Balci [1986] suggest that the process of model development
IS an 1terative activity in nature, bouncing back and forth during its life cycle. Gass
[1987] proposes that we need to adopt a lifecycle view of model development to show the
model developers, users and management the importance of each modelling activity.
Several authors have proposed simulation modelling processes in the OR simulation

literature.
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Robinson [2004] describes an iterative process for the development of discrete event
simulation models in operational research. The process consists of 4 phases; conceptual

modelling, model coding, experimentation, and implementation.

Law and Kelton [2000], one of the most-used text-books for discrete event simulation,
proposes a process for the development of simulation models which includes problem

formulation, defining the model, model building, validation, and experimentation.

Shannon [1998] and Nordgren [1995] propose processes for discrete event simulation

consisting of similar steps as those of Law and Kelton [2000].

2.5.3. Limitations in the reported modelling processes

Several limitations can be identified in the above-presented modelling processes. These
limitations provide a rationale for my study. Following 1 summarise these limitations as

following:

1. Not targeted for novices: Although novices SPSM can benefit from the process
frameworks proposed by Pfahl and Ruhe [2002] and Rus et al. [2003], they are

not specifically targeted at novices. While the process frameworks reported 1n
textbooks [e.g. Law and Kelton 2000, Robinson 2004] can be considered for
novices, nevertheless, their applicability has been questioned in practical

contexts [Paul et al. 2003].

2. Based on individual experience: They are based on the individual experiences of
the author(s). A simulation process model based on the collective perceptions of
experienced simulation modellers, developed through an empirical investigation
i1s likely to reveal a more practical approach for simulation model development

which is close to real world simulation practice.

3. Targeted for particular modelling technique: Modelling process reported in the
literature are targeted for a specific modelling paradigm i.e. either system

dynamics or discrete event. My study aims to provide a broader view of
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