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ABSTRACT

The thesis presents a simulation modelling strategy for spatial problems which uses
a data structure based on spatial relationships. Using this network based approach,

two domain specific data-driven models are developed in which the movement of
people 1s modelled as a quasi-continuous process.

The development of simulation modelling technology is examined to find reasons
why there should be a reluctance to use the technique. With particular reference to
problems which are spatially related, the established simulation modelling
techniques, together with their diagrammatic representations, are evaluated for their
helpfulness at the model building stage. Using a specimen example, it is
demonstrated that the commonly used approaches for digital discrete event
simulation, which use a procedural paradigm, give little help with problems which
involve the allocation of a resource and have spatial constraints. Two domain

specific generic models are demonstrated which adopt an object-oriented approach,

for which the model description, including the logical constraints, are given in the
data-file.

A method for modelling the movement of people at different levels of congestion as

a quasi-continuous process is validated using results from reported surveys of
people’s movement rates and direct observations, and this is applied in both models.

The first models the emergency evacuation of a building, using a graph structure to
represent the spatial components. This is implemented using object-oriented code

and test runs are compared with evacuation times from a building at the University
of North London.

The second provides an experimental tool for comparing the effect upon ward
function of different layouts and was influenced by a published survey of a nurse
activity analysis carried out in fourteen different wards. The nurse activity model

uses two graph structures and an object class to model the nurses who move, with
reference to, and informed by, the spatial graph structure.

The successful application of the method in the two problem domains confirms its
potential usefulness for spatial problems.
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Chapter 1. Introduction

1.1 The need for Simulation

Model building sets out to replace a complex confusing real world situation by a
simpler more transparent model, which retains the desired structural essentials, and

which can be analysed and manipulated to increase understanding of the complex
system which it represents.

Simulation modelling is an experimental modelling technique. The documented use of
Monte Carlo Methods dates from 1944-1948, developed by physicists: Von Neumann,
Ulam, Harris and Herman Kahn [Curtiss et al 1951], although Statisticians had used
Monte Carlo methods much earlier[Hall 1873]. Digital discrete-event simulation was
introduced in the 1960's by Keith Douglas Tocher and was part of a whole range of
systems modelling methodologies which developed in different disciplines and with

differing interpretations[Tocher 1963]. It remains a major distinct modelling
technique.

The popularity of the technique is cited by Paul [Paul 1991] to be evident in surveys
of practitioners [Beasley & Whitchurch 1984] and in the literature of research centres

throughout the world, but he points out that, "The potential for simulation is
undoubtedly still largely untapped.”

This view is endorsed by a Sfudy Report produced in consultation with the
Department of Trade and Industry [Horrocks 1991] which sets out to examine the

state of acceptance of the technique in UK Small Manufacturing. Enterprises (SMEs)

This report concludes that the technique is widely used, but not exploited to its full
potential.

"The work of the Simulation Study Group has exposed the low level of awareness and
use of simulation in UK manufacturing SMEs."

Hollocks has drawn the attention of Operational Research Society members to this
report [Hollocks 1992}, and a recent survey of small businesses also reveals a low

usage of simulation along with other Operational Research techniques [Edge &
Klein].
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The appendix to the Simulation Study Group report gives summary data from a study
undertaken between February and July 1991 on the awareness, use and perceived
benefits of simulation, gathered from over 500 interviews at manufacturing sites,’
professional organisations, academic institutions and software vendors. The report
outlines reasons for the low level of awareness and use of simulation in SMEs, and
puts forward proposals for promoting the technique. Although the study focused on

the use of simulation in SMEs, it indicated a general lack of awareness, which would
have implications for other areas.

A crucial impediment to increasing the use of simulation, noted in the report, 1s the
difficulty in making modelling skills more readily accessible.

Paul makes a positive recommendation, "....fo automate as much as possible the
simulation process, thereby enabling the analyst to spend more time on the problem-
solving aspect of the modelling task." [Paul 1991]

In other words the technique should be subordinate to, but facilitate overall
understanding and design. The thesis addresses the problems of model-building as

experienced by the practitioner, in the context of the continuing search for a common

modelling methodology for simulation. This co-ordinated approach affirms
Checkland's premiss that:

"In any subject concerned with rational intervention in human affairs, theory must

lead to practice; but practice is the source of theory: neither theory nor practice is
prime." [Checkland 1985]
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1.2 The contribution of the thesis

The thesis takes a selection of problems which have been observed to cause difficulty
at the model building stage. These involve spatial layouts and allocation of resources,
and have been encountered in analogous forms in a whole range of contexts:- hospital

clinics, machine shops, petrol stations and underground stations. The difficulties occur

In constructing a model with the correct logic and in verifying that it works. Related
problems concern quasi-continuous flow in a spatial layout.

The proposed method adopts a conceptual model which is based on the physical
layout, and the model definition avoids the usual difficulties with logic specification

and verification. Implementation makes use of Object-Oriented Programming (OOP)
which facilitates easy generation of code for similar problems.

Generic data-driven models are created for specific problem domains; an evacuation

model is demonstrated which models quasi-continuous flow, and complex interactions
are modelled for nurse activity on a hospital ward.

The techniques used are appropriate for modelling spatially related problems and are
intended to make the simulation technique generally more accessible.
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1.3 Summary of the chapters

o  Chapter 2 introduces the general methods of simulation modelling.

e  Chapter 3 examines three major discrete event simulation methodologies,

applying them to a specimen problem as a test case in order to compare their
performance.

e  Chapter 4 examines the special features of spatial problems and reviews the
modelling treatment used for such problems. A new approach produces a data-

driven generic model which uses a graph structure to represent the spatial
network.

o  Chapter 5 applies the new approach to the development of a model for
emergency evacuation of a building.

o  Chapter 6 makes a detailed analysis of how the movement of people can be
modelled within a discrete event simulation, and summarises reports on

emergency egress, in order to provide parameters for the evacuation model.

o  Chapter 7 reports the trial and validation of the evacuation model on a building
at the University of North London.

o Chapter 8 examines the relationship between activity patterns and

accommodation layouts in hospitals. The requirements for a simulation model of

nurse activity on a hospital ward are outlined, and test runs of the model
evaluated.

e  Chapter 9 examines the application of the general modelling strategy, which is

designed for spatial layout problems, to a range of problems introduced in the
thesis.

e Chapter 10 evaluates the development of these models in the context of object-
oriented model design and software reuse.
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Chapter 2 Simulation Modelling

2.1 The general use of model-building

2.1.1 General Systems Thinking

Digital Simulation can be placed within 'Systems Thinking' which has been evolving
since the 1950s as a result of both, the inadequacy of reductionist thinking to cope with
the levels of complexity found in biological science, and the recognition of the role of

systems by engineers [Bertalanffy 1968, Weiner 1961].

There was an attempt to unify the work in a General Systems Theory in 1955 by
Bertalanffy, Boulding, Gerard and Rapoport, but more progress has been made 1n the
separate fields of: Communication Engineering, Cybemetics, Artificial intelligence,
Systems Analysis and 'Soft' Systems Methodology.

Checkland claims that, "...systems thinking is founded upon two pairs of ideas, those of
emergence and hierarchy, and communication and control...." and believes that

"systems thinking and analytical thinking will come to be thought of as the twin
components of scientific thinking."

[Checkland 1985]

The technique of digital simulation is applied in accordance with the 'hard' systems

thinking of the 1950s and 1960s. The characteristics of 'hard' systems thinking are:
Oriented to goal seeking,

Assumes the world contains systems which can be 'engineered’

Assumes systems models to be models of the world (ontologies),

Talks the language of 'problems and 'solutions’
[Checkland 19895]

These characteristics can be identified in digital simulation modelling - case studies

using digital simulation are invariably based on well-defined systems which are
bounded in space and time [Danielson, Eldridge & Brown 1991, Ceric & Hlupic 1993].
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The need for less well-defined skills in simulation modelling is also recognised, as

indicated by the inclusion of the word 'art’ in the titles of texts on the subject
[Shannon R 1975, Tocher 1963].

Shannon justifies his title:

"The process by which a systems engineer or management scientist derives a model of a
system he is studying can best be described as an intuitive art.”

It 1s also true that there is an increasing use of simulation in environments making use of
multiple methodologies [Williams, Gittins & Burke 1989, Pinkowski 1989, Williams
1992], many of which are heuristic and exploratory, having features associated with
'soft’ systems thinking. Artificial Intelligence, for instance in the study of Neural Nets,
makes use of simulation as an integral part of its methodology. The concept of

simulation modelling is an essential component of Artificial Intelligence [Futo
&Gergely 1990, Hossain 1991, Al-Amin & Tobias 1991].

Thus digital simulation plays an important role within both 'hard' and 'soft' systems
thinking,

Various modelling strategies are in common use and these are evaluated in Chapter 3,
but it is first necessary to examine models in general: the functions of models and the
various forms they take, and the sort of world systems which might require modelling.
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2.1.2 A classification of models

Model-building or modelling is a goal-oriented activity, complementary to cognitive or
design activities [Futo & Gergely 1990].

e The coglaliti‘;emrole of model-building is to improve understanding of the
functioning of the system modelled.

o The design element enables creativity, where something new is added to the
system being modelled.

Futo and Gergely classify models at a number of levels, according to:

functions; descriptive, explanatory, illustrative, validating, predictive or normative,
medium; physical or ideal,

Investigation; theoretical, experimental or mixed,
level; micro or macro,

and character; static or dynamic.

Any model may have one or more of these properties. Ideal models are further
classified as having an iconic or symbolic representation mode, and symbolic models
can be further broken down to include mathematical or computer models. Dynamic
models can be organisational or have a time consideration, implicit or explicit, with
discrete, continuous or combined time representation [Futo & Gergely 1990].
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Diagrams 1 and 2 1llustrate this taxonomy.

Diagram1l The model medium
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Diagram 2  The model character
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The properties of digital discrete-event simulation can be identified in this taxonomy:
o A digital discrete-event model may serve any of the functions listed at some stage.
o It has an ideal medium, a symbolic representation tool, a formal language type and

a parameter handling representational tool (program), which may be stochastic,
. deterministic or non-deterministic.

e The investigation will be experimental, but hybrid simulation may be used which
links with theory [Dubois 1979].
o The level is usually micro, but models can be macro.

o The model will have a dynamic character, with an explicit discrete time
mechanism. .

The taxonomy provides the common elements for the modelling process adopted in
Artificial Intelligence, Software Engineering and simulation modelling. An integrated

approach is possible to Systems Modelling using this common terminology [Fishwick
1992].
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2.1.3 Types of world system.

An enumeration of application domains is not appropriate for a taxonomy of frequently
modelled systems, but a general grouping of problems types, such as: queueing ,
distribution, scheduling and allocation is more useful. These problem areas are

associated with the functioning of the system which identifies both the characteristics of
the major components and the objectives of the analysis.

To classify world systems by problem type is not inconsistent with a more theoretical
approach, in which the term system denotes the portion of the world selected by the

modeller for examination. In system theory, it is recognised that the system is itself a
construct.

2.1.3.1 Definitions and terminology
Futo gives a definition:

"From the point of view of cognition a system, is simply a model of a part of the world
under investigation cut out according to the goals of the observer, which consists of a

relatively organised and stable conglomerate of objects considered as a whole with

respect to the remaining part of the world which is considered as the environment. Note

that stability is a requirement for the reproducibility of the investigation."
[Futo & Gergely 1990]

Note that the term entity will be substituted for object in this text, since object has a
special reserved meaning in object-oriented programming.

Futo introduces a two way classification: static versus dynamic and micro-level versus
macro-level, which is a useful base for model design, earlier recommended by Oren and
Zeigler [Oren & Zeigler 1979]. At this stage the system is viewed at the micro-level,

firstly at the static level. With the introduction of a time consideration the system
becomes dynamic.

At the static level the general components of a system are the entities(objects), which
have attributes and hidden internal structure. The system can be viewed as a structure of

communication channels with source and target points, and the entities have defined
mutual relationships.

At the dynamic level, activities may be performed, communication channels may be
used, and changes to the state of the system i.e. events may occur. In the context of
queueing systems and other problem areas, activities take the form of 'service'.

Janet Shapiro 25 Chapter 2 Simulation Modelling



The conceptualisation of the system [Futo 1985], demands stability for reproducibility,

and there will be a defined 'goal'. Apart from that, the nature of the world system to be
modelled varies widely.

2.1.3.2 A classification of systems

With reference to this general framework and to the problem areas, it is possible to
categorise systems according to:

o the number of entities,
o the life of the entity,
e the service mechanism,

o whether physical space is a constraint,

This list of features is by no means exhaustive for distinguishing different types of
system, but each feature is known to affect the modelling strategy.

Janet Shapiro 26 . Chapter 2 Simulation Modelling



Number of the entities flowing through the system.

There may be a comparatively small number of entities, such as customers or

components. For the former waiting time may be critical, for the latter, availability,
or

there may be large numbers of entities, giving a quasi-continuous system, and entities
may be modelled as aggregate numbers only.

Life of the entities

Entities may have a transient life, a birth-death process. For instance customers arrive
and leave, or

the major entities may remain permanently in the system, such as machines in a

machine-interference system, or vehicles in a shuttle service. Entities move through a
closed cycle.

Service mechanism.

Processes or activities may engage entities individually or in batches. In the petrol

station, cars are served individually, but in a traffic flow situation, cars move forward in
groups.

Spatial constraints

There may be ample space or a scarcity of space. Location of the entities may determine

which processes may or may not be carried out, and the time taken to move from one
location to another may or may not be negligible.
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The features can be summarised as follows:

o Number of entities Small or Large/infinite

o Life of entities Transient or Permanent

e Service mechanism Individual or Batch

o Spatial constraint Ample space or Scarcity of space

The classic simple multi-server queue, corresponds to the first column of values:
Small/Transient/Individual/Ample).

Whereas a traffic flow system is given by:
Large/Transient/Batch/Scarce,

and a machine interference system is given by:
Small/Permanent/Individual/Scarce.

The thesis focuses upon the modelling strategies required to model systems of the latter
two types of system. The special features of spatial problems are examined in Chapter 4.

Janet Shapiro 28 Chapter 2 Simulation Modelling



2.1.4 The general process of modelling

The process of modelling follows three stages. Given a particular problem, the goal, a
portion of the world is selected for investigation, and a conceptual model is constructed.
This 1s formulated as a formal model which can be used for the problem solution. The

formal model may be either an abstract theoretical model or a computer simulation
model.

Diagram 3 Levels of Modelling

, a -
conceptual formulation
level

program

program

realizational
. level

Process (1) denotes the formulation of the conceptual model as a theoretical model.

Process (2) denotes the implementation of the conceptual model as a computer program which

~can be used for experiments.

The theoretical model may be programmed, Process (3).

The formal model itself is well-defined and unambiguous, but the intuitive process of

model formulation is heuristic; it progresses by trial and error, using simplification,
analogy, enrichment subdivision and synthesis,[Shannon 1975].

Confusion can arise because of the different status of the various models, particularly in

soft system methodology (SSM) [Lewis 1992]. Also in simulation, the model may be
cognitive; intended to aid understanding of the system as it exists without intervention,
in which case only one model is constructed, but it is more likely that the simulation

model is needed for design purposes, and a multiplicity of models will be required for
the necessary experiments.
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2.2 Digital Simulation

2.2.1 General definition of digital simulation

There 1s a consensus of agreement for the general definition of digital simulation.

The following definition is quoted from a paper on Petri net graphs by Aimo A Torn,
"Simulation may be regarded as a general purpose method of modelling; i.e., in the
absence of applicable mathematical formulas or equations, the working of important
parts of the system under consideration may be mimicked, and the values of the entities
of the system may be obtained by collecting data during a simulation run. Because
simulation models often are complicated and because their use requires extensive
calculations, they are often realised as computer programs." [Torn 1981]

This definition identifies several aspects of the technique which will be expanded upon:
o the generality of the method,

‘e 1ts experimental nature,
o the assumption of an abstract model,
o the need to use a computer program.

2.2.2 The computer program as the model

The need to produce a computer program to carry out the simulation has strongly
influenced the conceptualisation process. The computer program is perceived as being

the simulation model, and imposes its own modelling constraints. For this reason,
several modelling methodologies have developed fairly independently, and, since the

simulation modelling requires time and effort to master, practitioners have tended to
refine their skills in one methodology only.

The conceptual problems of changing a familiar paradigm should not be underestimated
and practitioners find it difficult to acknowledge or try out other modelling

methodologies [Prince 1994]. The effect has been a divided professional base, and the
need to acquire sophisticated modelling skills have discouraged potential users from
what should be an essentially simple technique. This is not to say that the need to make
simulation software more accessible has not been ignored. Note the development of

program generators and help systems [Clementson 1982, Mathewson 1984, Crookes
1987, Paul & Chew 1987].
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2.2.3 The abstract model

Digital simulation was developed by Operational Research workers with an engineering
or mathematical background, who were familiar with the use of an abstract model. In

the context of digital simulation, the hypothetical model is likely to take the form of a

simple procedural model, univariate, as opposed to multivariate, which 1s more
frequently used for economic or sociological systems.

The techniques of mathematical modelling and queueing theory have also been
improved during this period, and Operational Research workers will regard these as a
valid and inexpensive alternative to simulation for simple systems, when an adequate
analytical solution can be obtained using less data, and less computation. It is

recognised that theoretical analysis may also give approximate aggregate results for
some complex systems.

Abstract models will be common currency as technical model representation methods
for the control of complex processes. They may be iconic or symbolic, but become
familiar as essential means of communication in applications domains such as:
inventory control, manufacturing processing, distribution, job scheduling, traffic control
etc. Several views may be taken of the system resulting in the need for several types of
diagrammatic representation [Danielson, Eldridge & Brown 1991]. For the practitioner
using such models, expertise linked with responsibility for good performance ensure
that the methods used for diagrammatic representation accurately convey complexity
and logic. The model representation is abstract but closely related to the problem on

hand. In the practical context, a familiar abstract model is a useful communication aid; it
is merely a tool.
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2.3 Digital discrete event simulation

This thesis focuses upon digital discrete-event simulation, as opposed to analogue and
continuous simulation.

2.3.1 The modelling of continuous processes.

Analogue simulation represents system changes using physical measures, usually
electronic, based upon a mathematical continuous model, which is invariably

formulated using differential equations. Thus continuous simulation may be carried out

on an analogue computer, but can also be programmed on a digital computer, in a
similar manner to numerical analysis.

Special purpose simulation languages provide for continuous simulation. GASP

[Pritsker 1974], and SLAM II [Cochran & Lin 1989] combine the modelling of
continuous processes and discrete events. ECSL provides a dynamics block in which
continuous activities are updated at each time step, and WITNESS models continuous

physical elements: fluids, tanks, processors and pipes. which parallel the discrete
physical elements: parts, buffers, machines and conveyors.

Systems Dynamics models the variables of a system as continuous functions over time,

using discrete time steps of appropriate length. The internal relationship between the

variables is of interest [Richardson & Pugh 1981], but the technique is not discrete-
event.

2.3.2 The modelling of discrete events

In digital discrete-event simulation an artificial time-scale is imposed upon the system,
whereby time advances in finite steps. Events or instantaneous changes to the system are
modelled to occur sequentially at these time-beats, the size of the step being dictated by
the problem. The computational algorithm used for discrete-event simulation may
advance time in fixed steps or from event to event. The method chosen for updating

time will affect efficiency and possibly accuracy, but the underlying conceptual model
remains the same.
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2.4 Simulation in practice

2.4.1 General purpose software

Because the simulation technique is general purpose, and in theory, any system can be

modelled, most simulation software is produced claiming to provide for general
requirements.

A few claims are quoted:

Models in which discrete events and continuous change both occur can now be
programmed with ease in ECSL.
[ECSL 1982]

STEM (Simulated Time Event Mechanism) is an object-oriented development tool for
building working models of virtually any process......,

[Lewis Artificial Intelligence Limited 1988]

The real challenge in using Pascal is to make an implementation that is....powerful in
the sense that anything reasonable can be modelled.....,

[Shearn (PASSIM) 1990]

vs7 is... a flexible tool to model the operation of a wide variety of systems....,
[Syspack 1990]

see why ... can be applied to any dynamic system, eg: an oil terminal, an airport, an
assembly plant, a lift system, an automated store.

[see why brochure, BL Systems Ltd.]

The software is marketed on the basis that it will be useful for any problem, but the
expert in simulation modelling is well aware that contrasting systems are frequently
analogous, and experience gained in modelling one situation can be transferred to

another. For the expert, the abstract structure of the model will link one application with
another [Maiden & Sutcliffe 1992].
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2.4.2 The client's perception of the simulation model
Diagrammatic representations have been found useful, both for explaining model
structure and as an aid team discussion of a problem. Tocher introduced wheel charts

which were the precursor of the activity cycle diagram [Tocher 1964], and consultants

using HOCUS used large scale charts, with icon characters to represent entities [Poole
& Szymankiewicz 1977].

As early as 1960, Tocher introduced Production Gaming to communicate the idea of

simulation modelling to managers [Rivett 1983], and a games oriented style is often
adopted by in software design to convey the experimental nature of the technique.
Unfortunately the games oriented approach, adopted without expert advice, may also

have the effect of trivialising what is a serious and difficult task, and faulty conclusions
can be drawn without rigorous analysis.

2.4.3 Systems which help the user

The generality of the software implies abstraction, and the novice needs either an
interface which presents a familiar view of the problem, or one which gives instruction.

For this reason various types of program generators and expert system interfaces have
been produced to help the user. Several of these are well documented [Crookes 1982,
Clementson 1982, Szymankiewicz 1977, Mathewson 1974 & 1984, Paul & Chew

1987], and simulation software is frequently marketed on the basis that it will enable the
client to build his own model:

This interactive program(CAPS) is not capable of accepting every detail of every
simulation model. However, it should be capable of building at least the skeleton
of all simulation programs ......... :

[ECSL 1982]

The client can build the model himself with little training, test the model until confident
of its results and then perform the required experimentation.

[Steele (See-Why Istel Ltd.) 1984]

The benefits of the WITNESS approach are that...........

.....Models can be built and tested in small incremental stages, which greatly simplifies

model building, provides the ability to identify errors in the logic and makes the model
more reliable.....

[WITNESS, AT&T ISTEL Ltd. 1993)
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2.4.4 Generic simulators

Generic simulators, which model a limited range of systems, are easier for practitioners

to use, since part of the modelling process is already complete and only the data for the
problem needs to be supplied. Pidd cites a range of such data-driven generic simulators,
and introduces one developed by himself, SKIM, which models quasi-continuous
manufacturing systems. The software was intended to allow design engineers to use
simulation modelling without the aid of a simulation expert, but although SKIM was

helptul, the engineers still found difficulty with the modelling process. [Pidd 1992a &
1992b]

In appreciation of the difficulties of the complete process, modelling experimentation

and interpretation, some firms, such as PE Consultants (HOCUS), provide a combined
software and consultancy service.

2.4.5 Interactive models with graphics

Simulation models were originally programmed on mainframe computers, but now most
software is available on PCs with the possibility of screen graphics.

The use of PCs allowed animated display of a simulation run, together with user
Interaction, Visual Interactive Simulation, VIS. Bell reports successful use of Visual
Interactive Modelling (VIM), for spatially related problems such as: "routeing,
transportation planning and facilities location"[Bell 1985], and there are many other
reports of successful use of VIS, [Hurrion 1978a 1978b, Withers & Hurrion 1982,

Hollocks 1983, Mathewson 1984, Bell 1986& 1989, Danielson, Eldridge & Brown
1991, Hoare & Willis 1992].

VIS has facilitated easy model verification, and experimentation, but the effects on

model construction are not so marked [Henz Luehrmann & Donald 1989]. VS7 and

WITNESS provide graphics program generators but there is no strong evidence that the
facility makes model building easier for the uninitiated user. Pidd provided a

spreadsheet style of input for SKIM but commented that the engineers "would have

much preferred a graphical user interface(GUI) to be used" [Pidd 1992]. This was
unfortunately not tried.
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2.4.6 The experimental approach in decision support software.

Computer Aided Design (CAD) is a more recently developed technique than simulation,
but the Simulation Study Group report comments that it has more general acceptance in

the manufacturing industry [Horrocks 1971]. The concepts used in CAD are very

similar to those of simulation, but the user is in more direct control and the problem is
expressed graphically.

Spreadsheet 'what if modelling is used extensively for a wide range of applications, and
like simulation, entails using an experimental technique. General software of this type

can be used for simulation modelling of simple queueing problems [Przasnyski
1989/1990, Freeman 1993]. Recent software developments are expected to make
spreadsheet modelling easier and more attractive to the non-programmer.

2.5 Developments in modelling strategy

Over the last thirty years simulation software and modelling strategy have developed
together, and the assumed paradigm has been procedural. Recent developments have

used an object-oriented approach which is appropriate for the hierarchy of models

needed for modelling at the macro-level, and which is generally useful for complex
structures.

Futo comments that, "Models are very important in knowledge representation.
Knowledge can be structured by establishing a connection among the constituents. Such

an approach is supported by object-oriented programming.” [Futo & Gergely 1990]

Eldredge explains that, "In the object-oriented paradigm, the major entities in the
problem domain are identified and modeled as the starting point in system development.

the behaviour of objects is the focus instead of the sequence of actions that must be
performed."[Eldredge, McGregor & Summers 1990]

The language C++ is an appropriate language to develop object-oriented simulation
[McGregor & Sykes 1992]. Pascal 6 has some object oriented features [Borland, Turbo

Vision Guide 1990], and some special purpose simulation languages are object-oriented.
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Chapter 3 Discrete Event Simulation

3.1 Modelling strategies for digital simulation

The general process of simulation modelling is described in section 2.1.4 as heuristic.

Attempts have been made to establish general but well-defined guidelines for this untidy
process.

3.1.1 Unifying the strands of development

Oren and Zeigler developed a GPSS-based comprehensive system to structure the large

number of model versions and provide assistance in model building and
experimentation [Oren & Zeigler 1979].

Overstreet and Nance adopted a theoretical approach and defined a Model Specification

Formalism which would be universal, but unambiguous. Their model specification
included:

(input specifications,
output specification,
object definition set,
indexing attribute, (time)

transition specification),

where the transition specification, which defines an initial state, termination conditions
and the dynamic structure, is not language independent. This specification gave a .
precise comprehensive model description intended "...to introduce an intermediate form
between a conceptual model ...and an implementation....," [Oren & Zeigler 1979]

Further commonalty for discussion is provided by Fishwick, who developed a

simulation modelling taxonomy that is compatible with systems modelling in Software

Engineering and Artificial Intelligence, using the declarative/functional dichotomy
which already exists in each discipline [Fishwick 1992].
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3.1.2 Diagrams for model representation

A diagrammatic representation of the model would be a more effective intermediate
form, and in pursuit of a common modelling strategy, a series of papers by Paul & Ceric
review the most commonly used approaches for model representation. If one approach

were better than others, this one would be worth developing, and might be adopted as a
common approach [Ceric & Paul 1989, Paul & Ceric 1990].

The authors set out to evaluate the comparative usefulness of each method:
o does it facilitate model construction?

o does it convey model structure clearly for verification?

o does it enable further development work, and make the programming easy?

They concluded that a single simulation model representation method could not fulfil

all functions, and that, "..a hierarchy of diagrams that have a parallel algebraic
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