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ABSTRACT

Developments in simulation methodology have been so
successful that simulation methods are used in many dif-
ferent domains, and many of these applications are based
on discrete event simulation. Though many regard simula-
tion modelling as an art, it ought to be possible to provide
guidelines for the development of successful simulation
applications. It is clear, though, that such guidelines must
reflect the diversity of applications. We explore that di-
versity and comment on its effects.

1 INTRODUCTION

Even a brief examination of the proceedings of simulation
conferences, such as the Winter Simulation Conference,
shows the diversity of systems being simulated and also
the range of reasons for developing and using a simula-
tion approach.

Simulation models have been developed in domains
such as:

e Manufacturing — plant layout and sizing, plant
optimization, process design,

e Health care — clinic planning, blood transfusion
services, AIDS transmission, renal dialysis ser-
vices,

e Business process improvement,

e Air travel — airport operations, air traffic control,

e Road transport — traffic simulations, on-line traf-
fic control,

e Emergency planning — evacuation modeling,

e  Military — acquisition, analysis, training and mis-
sion rehearsal.

Some of these simulations were conducted to answer
specific questions of interest to organisations in the public
and private sectors. Others were more general and aimed
to improve understanding of the operations of the system
of interest. In some cases, the model was only intended
for one-time use in a particular project but, in others, it
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was intended for use at intervals over an extended period
of time; possibly for decades. Sometimes, model fidelity
and accuracy of representation are crucial, but in other
work, a model that gives broad indications of likely be-
haviour is good enough.

Hence, it seems sensible that attempts to improve the
process of model development and use should recognise
these distinctions. That is, advice and recommendations
about model development, documentation, validation, use
and re-use should, at the very least, be contingent. Indeed,
it suggests that terms such as ‘the simulation life cycle’
may be misleading, since there may be many different
types of life cycle depending on the nature of the simula-
tion study (Sargent et al. 2006). In some cases there may
not be a life cycle at all, for instance, for simulation pro-
jects in which quick and dirty models are developed that
are never intended for re-use or detailed work.

That is, people ‘do’ modelling and simulation differ-
ently, taking different approaches to model development
and to using the model. Can these different modes of
practice be identified and classified? If so, this should aid
discourse between different practice modes and aid selec-
tion of the right practice mode for a specific problem
situation.

2 SOME FRAGMENTS OF INSIGHT

Robinson (2002) approaches this issue by suggesting 3
stereotypes of simulation practice that can be arranged on
the spectrum of Figure 1. Note that these stereotypes are
not dependent on the application domain, since it is per-
fectly possible for any of the 3 to be applied in the same
domain (e.g. the defence sector).

2.1 Three Stereotypes of Simulation Practice

The left hand end of Figure 1 shows simulation as soft-
ware engineering, which refers to simulation models de-
veloped using formal development approaches. Typically,
such models are developed by relatively large teams in
which model specification is separated from model cod-
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ing and documentation standards are rigidly enforced. Of-
ten, such models are intended for re-use either in full, or
in part. Such approaches are relatively common in the de-
fence sector and in other government contracts. Essen-
tially, the model is treated as a software artefact that ex-
ists as an entity that is separate from those who specified
it, those who developed it and those who may use it. Un-
derpinning such simulations there is likely to be consider-
able analytical work in data analysis and theories, for ex-
ample about physical object interaction.
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Process of
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Software Engineering Facilitation

& >
¢ >
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Throw-away
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Development over days

Reusable Throw-away
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Figure 1: Robinson’s simulation modes of practice.

The opposite end of Figure 1 shows simulation to
support facilitation. Such models are usually developed
using visual interactive modelling systems (VIMS) and
are certainly not intended for re-use, since they are typi-
cally very approximate, which causes some to label this as
‘quick & dirty’ simulation. The models, and often there is
a sequence of such models, are constructed to improve
understanding more than to answer specific questions.
They may be built with the client at hand. In extreme
cases, such models may not embody reality; instead they
are convenient fictions that support debate.

In the middle of the spectrum of Figure 1 is simula-
tion for organisational change. This refers to simulations
developed to address problems related to real-world is-
sues — often in management science or industrial engi-
neering - and in which the models may be used over a pe-
riod of several weeks or months. Often such models are
successively refined in an iterative process over that pe-
riod and may be based on substantial data analysis. In
some sense, such models are intended as representations
of reality (albeit on a simplified basis). As on the right
hand end of Figure 1, such models are usually built using
VIMS, but will have required significant effort in code
development beyond simple point and click model devel-
opment.

2.2 Four Different Modes of Model Use

Taking a slightly different tack, but also employing a
spectrum of use, Pidd (2003, chapter 1) suggests four dif-
ferent modes of model use as shown in Figure 2. Note that
Pidd (2003) is concerned with modelling approaches that
include, but are not limited to, computer simulations. That
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is, it is concerned with the broader set of approaches that
are often included within a range of approaches to sys-
tems modelling. It is obvious;y possible that one or more
of the four points on the spectrum do not apply to simula-
tion. Perhaps the most likely to be inapplicable to simula-
tion, is modelling to support the automation of decisions.

Human
interaction

Routine -\\-

use

(1). Automation (2). Routine (3). Representing (4). Representing
of decisions decision support possible system insights for debate
designs and
changes
flooiSiioqiouting Tools for thinking

decision making

Figure 2: Pidd’s spectrum of model use.

At the extreme left hand end of Figure 2 are models
that are intended to support automated decision making.
That is, they capture and systematise human insight in
such as way as to replace human decision making. Exam-
ples might be the models that underpin fly by wire and
autopilots on aircraft or engine management and braking
systems on cars. As mentioned above, this may be the
least likely to be relevant to a discussion on simulation,
especially if simulations contain stochastic elements.
Closer to the centre of Figure 2 are models intended for
routine decision support. Examples include the revenue
management systems that are used to support on-line
bookings of aircraft seats and scoring systems that allow
rapid decisions on consumer credit or insurance. These
also replace human decision makers, but humans will
regularly adjust the model parameters as the world
changes. For example, an airline may modify its revenue
management system after a strike by its staff and the con-
sequent loss of revenue. Pidd (2003) refers to the left side
of Figure 2 as models that automate routine decision mak-
ing.

Moving to the centre right of Figure 2 are models in-
tended for use in exploring options for system change, de-
sign or re-design. These models often require substantial
technical effort to build and need careful validation as
they may form the basis for decisions requiring substan-
tial investment. Examples might include a simulation of
an airport passenger terminal before it is built, so as to en-
sure that passenger delays and bag losses are kept as low
as possible. Finally, at the right hand end of Figure 2 are
models that are intended to represent different insights;
that is, to explicate mental models so that they can be ex-
plored and examined by other people. In mathematical or
computing terms, these models may be very simple and
their power rests in the ways in which they are used. Pidd
(2003) refers to the right side of Figure 2 as models that
are tools for thinking.
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Figure 3: Two dimensional model of simulation practice modes (with mapping of Robinson’s and Pidd’s practice modes).

3 SEEKING CONCEPTUAL CLARITY

In presenting these two spectra it is apparent that there is
some confusion in the criteria being used to categorise the
different approaches. Though both claim to focus on
model use and are indeed expressed in those terms, there
is more to their descriptions than that. To tease this out, it
may be helpful to consider a 2 dimensional model instead,
using Development Approach and Mode of Use; where
development approach is associated with modelling and
mode of use with simulation. Without such a distinction,
there could be a tendency to assume that it is always OK
for models intended as tools for thinking or as convenient
fictions to be developed in a slapdash way. Such a two-
dimensional representation also highlights aspects of dis-
tinct support tools that might be needed by analysts oper-
ating in the various domains. Figure 3 shows the basic
idea.

In Figure 3, the two dimensions are split into three
levels each. Under Model Development is:

e Software Engineering: refers to the use of formal
methods for the development of the model. This
might range from more traditional software de-
velopment approaches (e.g. the waterfall life cy-
cle) through to current ideas of Xtreme pro-
gramming and agile programming. Such an
approach is common in military modelling and
simulation.

e  Visual Interactive Modelling: development of the
model through less formal means (e.g. with no
technical specification), using a VIMS. This is
typical of the type of modelling that is carried
out in business organizations.

773

Participative Modelling: development of the
model with the participation of the client. The
model developer and the client would develop
the model together, possibly in a workshop envi-
ronment. This, by nature, requires rapid model
development in a flexible software tool. This
sort of approach is more common in the field of
system dynamics (e.g. Vennix 1996), but cer-
tainly could become part of mainstream discrete-
event simulation practice if appropriate tools
were available.

Meanwhile, under Model Use is:

Formal Experimentation: adoption of formal ex-
perimentation procedures such as experimental
design methods, ranking and selection ap-
proaches, hypothesis testing and simulation op-
timisation. These approaches are described in
text books such as Law (2007) and Banks et al.
(2005), as well as being discussed in the Analy-
sis Methodology track of the annual Winter
Simulation Conference.

Exploratory Experimentation: experiments per-
formed to provide statistically sound results (e.g.
confidence intervals), but with no formal search
procedure to guide the selection of experiments.
Robinson (2004) describes a number of informal
experimental approaches.

Facilitative Use: intuitive use of the model, with
learning gained from debate around watching the
visual display and indications gained from model
results. There is no emphasis on instrumental
learning from statistically sound results. Instead
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the focus is on conceptual learning. For an ex-
ample of this see Robinson (2001).

The intention is not to create artificial boundaries be-
tween these 2 sets of 3 levels by suggesting that they are
discrete. Indeed, these levels should be seen as sections
along a continuum moving from very formal Software
Engineering approaches to very informal Participative
Modelling, and from Formal Experimentation to Facilita-
tive Use.

Included in Figure 3 is a mapping of Robinson and
Pidd’s original modes of practice. These are provided as
a guide to show how these modes relate to the two dimen-
sions. So, for instance, under Robinson’s ‘Software En-
gineering’ mode, models were developed using the Soft-
ware Engineering Development Approach, but could be
used under any of the 3 Modes of Use — although Facilita-
tive Use is probably less likely.

Having mapped these original modes, it is notable
that the bottom left and top right blocks of Figure 3 are
almost empty. This is because these are extreme situa-
tions are likely to be very rare. It seems clear that taking
a formal Software Engineering approach to model devel-
opment serves little purpose when the model is intended
as an almost ad-hoc tool to support debate (Facilitative
Use), although we might argue that simulation gaming is
an example of this. In such situations, the need is gener-
ally for rapid model creation and the ability to run a
model on rather sparse data. The idea is that the model al-
lows participants to develop insights into a situation and
to separate those insights from the individual participants
so that they are no longer someone’s opinion. Instead, the
observed behaviour rests in the models. Similarly, it is
unlikely that a model developed in a participative fashion
would be subject to Formal Experimentation. The lack of
real world correspondence and low accuracy of the data
contained in such models would generally make Formal
Experimentation pointless.

4 CONCLUSION

The model of simulation practice modes in Figure 3 aims
to provide a framework for understanding and debating
simulation practice. Without an underlying understanding
of the different approaches adopted to simulation model
development and use, it is difficult to form a coherent dis-
cussion between different modellers, and the discourse
can easily break down.

At present this model is purely a proposition based on
the authors’ experience in modelling and simulation. The
model requires development and refinement through dis-
cussion with other simulation modellers and through test-
ing it in discourse about simulation practice. As it stands,
however, we hope that it provides a useful base from
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which to build a debate about the practice of simulation
model development and use.
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