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Abstract

This thesis is concerned with enhancing our understanding, and hence
our control over, the apparently random fluctuations of the time series of
business variables in a framework of analysis which appeals to
management's mental world of 'common sense' and 'causality'.

Theoretical models of (i) a cost control system in a standard costing
system setting, and (ii) a hypothetical firm and its business environment
were proposed. They were constructed by referring to the concept of
'control' in organizations, to business system modelling, and to
dynamical systems theory.

The respective target variables of the models are the controlled cost item
and the cash account balance. Various modes of steady state behaviour of
the target variables were obtained by performing simulation experiments.
The subsequent data analysis was conducted mainly in the framework of
dynamical systems theory.

The major findings of this research are consistent with the hypotheses
that:

1. there exist deterministic explanations for the apparently random
fluctuations in the behaviour of the business variables,

2. these deterministic explanations could enable managers to modify
their control systems so as to reduce the apparently random
fluctuations in the behaviour of the business variables.

iii



I am not afraid of not knowing everything.

Richard P. Feynman
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Chapter 1

Introduction

1.1 Research Motivation and Purposes

In the last decade there has been a dramatic growth in the use of
numerical control systems in every aspect of management, but outside
the specialized field of 'control engineering' relatively little attention has
been paid to the properties of control systems. Managers have continued
to apply traditional methods of control and have been, in general,
oblivious to those properties of control systems which may affect the
behaviour of the operational systems for which they have responsibility.

Managers are held responsible for the performances of specific business
variables and are tasked to behave as best they can to achieve targets of
performance in each prescribed period, say of the standard of materials
usage or the budgeted sales volume. If, in spite of all his best efforts in
using the monitoring, prediction and control devices at his disposal, the
business variable of interest fails to respond to the manager's best efforts
over a number of periods then the manager may well be put under
pressure to 'explain' his failure. The underlying assumptions of his
superiors have been that the causes of over, or under, achievement are
within the manager's grasp, or that environmental factors, such as
economic conditions in the market or labour movement, are giving rise
to variations beyond the manager's direct control.

If the fluctuations of the performance of the business variable cannot be
recognized as either a change in the trend or a pattern with regularity,
then typically, the manager will seek to attribute these apparently random
fluctuations to some kind of stochastic process. It is worthwhile to

emphasize here that what is ultimately being described as a 'random'
sequence of data (or numbers), as an embodiment of uncertainty, depends
very much on the perception and judgement of the observer, be it
manager or statistician. If he be a purist he may agree with the following
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definition by Knuth (1969, p. 2):

[That] sequence of independent random numbers with specified distribution,
and this means loosely that each number was obtained merely by chance, having
nothing to do with other numbers of the sequence, and that each number has a
specified probability of falling in any given range.

However, when he applies certain statistical tests for randomness, see
Knuth (1969, pp. 34-100), to a given sequence of data with seemingly
indeterminate inter-relationships, in practice he can never infer assuredly
that this is a 'random' sequence of data even when he is convinced by the
statistical evidence provided by the tests that the sequence is 'random'. It
should also be pointed out that there exist stochastic processes which
generate irregular sequences of data that do not have that 'independence
property' described in the above definition. For non-purists these
sequences may well be accepted as 'random'. Thus for caution I suggest
the term 'apparently random' is more appropriate for describing the
sequences of seemingly disconnected data encountered by the business
practitioners.

Once the manager and his superiors come to regard the apparently
random fluctuations as originating in a stochastic process they may treat
the measurement of the business variable of interest in probabilistic
terms. Indeed the manager and his superiors may well become locked
into an 'explanation' which tends to preclude any further inquiry into
possible causes.

In theory it is impossible for one to assert that what is generating
uncertainty in a particular real world phenomenon is stochastic, all that
one can usually do is to hypothesize this is so. As Cash (1979, pp. 103-104)
puts it,

What can be asserted, of course, is that probability and statistics are convenient
tools to use in analyzing situations in which a degree of uncertainty is present.
However, there is no mathematical reason to believe that the mechanism
generating the uncertainty is inherently random [stochastic]; it could equally be
some deterministic process ...
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Thus there is no reliable way that the manager and his superiors can
become aware that they have a satisfactory 'explanation' of the
fluctuations in question. If it could be demonstrated that far from being
stochastic, the process which generates the kind of fluctuations described
is deterministic, maybe determined by the manager or his superiors, then
the door would be opened for further inquiry and at least some degree of
uncertainty might be removed from such situations.

These problems reside in the domain of management accounting, the
branch of accounting concerned primarily with the collection of data, the
formation of information and the attribution of causal relations in the

managerial field; all with the aim of establishing effective control over
operational and administrative performance and of ensuring that
managers are held accountable for their actions.

Management accounting has become an eclectic discipline and it has
called upon a wide variety of other disciplines and methodologies to
address its problems. It has, perhaps reluctantly, accepted the notion that
statistical analysis and the assessment of probabilities can overcome, iia
part at least, the ambiguity of managerial situations, but it should be very
eager to consider ways and means of reducing reliance on such methods
and increasing the explanatory power of the tools at its disposal.

For a possible approach to these problems I have recourse to the relatively
recent development of 'Dynamical Systems Theory', especially to that
branch of it which studies nonlinear systems and the emergence of 'chaos'
in such systems.

'Chaos' arises when a well-behaved cause produces apparently random
effects. Frequently cited examples in the natural sciences are weather
forecasting (Lorenz, 1963; Palmer, 1989), population growth (May, 1976,
1989), turbulence in fluids (Ruelle and Takens, 1971; Mullin, 1989), the
orbits of the planets in the Solar System (Murray, 1989), and chemical
clocks (Roux, 1983; Scott, 1989). However among economists, and business
academics too, it is noticed that this branch of nonlinear dynamics is
gaining increasing influence, its ideas have been applied to understand
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business cycles (Chen, 1987; Goodwin, 1990), financial and commodities
markets (Griffith and Southworth, 1990; Savit, 1990; Blank, 1991; Nichols,
1993), managerial systems (Rasmussen and Mosekilde, 1988; Andersen
and Sturis, 1988; Robb, 1989), investment analysis (Osborne, 1990),
planning and prediction (Priesmeyer and Baik, 1989; Ormerod, 1990;
Simon, 1990).

On the whole, this research is motivated by the promising utility of
dynamical systems theory to create and analyse models which may enable
us to enhance our understanding of, and hence our control over, the
apparently random fluctuations of the time series of business variables in
a framework of analysis which appeals to management's mental world of
'common sense' and 'causality'.

1.2 Research Questions

The bulk of the research reported in this thesis has been directed towards
the answers to the two questions below.

1. Given that the stochastic approach is unsatisfactory in that it by-passes
the description of causes, is there any deterministic explanation for all,
or at least part of, the apparently random fluctuations in the
behaviour of the business variables?

2. Given that some such deterministic explanation can be found, could it
enable managers to modify their control systems so as to reduce the
apparently random fluctuations in the behaviour of the business
variables?

To explore the answers to the above questions, I chose to employ the case

study method, focusing on the simulated behaviour of the following two
business variables which are of interest to the management accountants
and as far as I know have not been studied by the chaos protagonists.

1. A cost item in a standard costing system setting.
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2. The cash account balance of a hypothetical firm with a budgetary
system.

1.3 Thesis Organization

The remainder of this thesis is organized in the following way.

Chapter 2 gives a brief description of aspects of systems thinking which
are pertinent to this thesis.

Chapter 3 reviews some of the relevant literature on the subject area of
organization and management control.

Chapter 4 presents an overview of the methodology adopted for this
research.

Chapter 5 reviews some major concepts of dynamical systems theory,
especially those relevant to this research.

Chapter 6 reports a study of simulated behaviour of a cost item in a
standard costing system setting. Its aim is to answer the research
questions. Experiments are designed to show how the cost behaviour can
be affected by the firm's own control activities.

Chapter 7 reports a study of simulated behaviour of the cash account
balance of a hypothetical firm with a budgetary system. It is an attempt to
answer the research questions. Experiments are designed to show how the
cash account balance behaviour can be affected by the firm's own

planning and control activities.

Chapter 8 presents the conclusions drawn from the research, and makes
recommendations for further work in this subject area.
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Chapter 2

Preliminaries for Systems Thinking

'Systems thinking' is a particular way of thinking about the world. It is so

pervasive in modern intellectual thought that its impact can be found in
practically every discipline. 'Systems' ideas appear in disciplines like
general system theory, cybernetics, system analysis, system engineering,
management, operations research, accounting, psychology ... and many
more.

Systems thinking permeates the contents of this thesis. It can be found in
the problem area under investigation, the disciplines which constitutes
the research methodology and the thesis arguments themselves. The
purpose of this chapter is to provide a qualitative basis for discussing
various systems issues which arise in the thesis. Only aspects of systems
thinking considered to be pertinent to the development of the research
ideas are covered. However, more sophisticated descriptions of systems
ideas, which may be inevitably mathematical, will be given in the
following chapters when situations require.

This chapter discusses some major systems concepts, states the issues of
primary concern to systems thinking, comments on systems
classifications, and, finally, outlines the systems thinking paradigms.

2.1 Systems Concepts

This section discusses five major systems concepts which have been used
in this work, it is not intended as a comprehensive review of systems
thinking nor does it touch on any of the current controversies in the
systems arena.

2.1.1 System

Central to systems thinking is the concept 'system' which is "the idea of a
set of elements connected together which form a whole, this showing
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properties which are properties of the whole, rather than properties of its
component parts." (Checkland, 1981, p. 3) The component parts can be
physical or abstract entities.

One important application of the concept 'system' is that "if we wish
to consider the interactions affecting one single entity, then we shall
have to define that entity as part of a system." (Beer, 1967, p. 10).

2.1.2 Connectivity

'Connectivity' is perhaps the most basic qualitative property of a system.
According to Checkland (1981, p. 312), it "enables effects to be transmitted
through the system" and "may have a physical embodiment (as in order
processing system) or may be a flow of energy, (verbal) information or
influence." Its significance is that, usually the first step for a system
enquiry is to try to describe the connective structure of the system of
interest.

2.1.3 Complexity

'Complexity' is a very important systems concept though it may be the
least precise in its definition. To this thesis the notions of 'static
complexity' and 'dynamical complexity' are particularly relevant. Casti
(1979) suggests that a system possesses 'static complexity' if "its component
pieces (sub-systems) are put together in an intricate, difficult-to-
understand fashion." He also points out that a system possesses 'dynamic
complexity' if its dynamical behaviour is in some way difficult to explain
or predict.

Adjectives like 'simple', 'moderately complex', 'complex', 'exceedingly
complex' are often used to describe the degree of complexity of a system
qualitatively. There are theories which attempt to establish a quantitative
basis for measuring complexity, see for example Casti (1979, pp. 106-110).
However, they will be not discussed here because they are beyond the
scope of this thesis.
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2.1.4 Stability

The concept of 'stability' is needed when the question of whether the
behaviour of a system will be altered considerably by unwanted,
unknown, or unplanned changes in the operating conditions in the
system itself or in its environment is investigated.

The idea of 'stability' appears not only in mathematics, the natural
sciences, and the engineering disciplines, but also in social sciences
disciplines like economics, management, and sociology. There is no
universal definition of 'stability' applicable to all disciplines, and indeed
even within the same discipline. Often a definition of 'stability' only
pertains to a particular problem area of a discipline. However, putting the
common characteristics of all 'stability' definitions together can give us a

vague, shadowy and intuitive 'definition' which refers it to "the capability
of something (the system, perhaps) to react to changes in its environment
(e.g. perturbations, random disturbances) and still maintain
approximately the same dynamical behavior over a certain time period
(possibly infinite)." (Cash, 1979, p. 45)

To describe the degree of stability of a system qualitatively, adjectives like
very stable, stable, unstable and very unstable are frequently used. In this
thesis, a more precise definition of stability will be needed to guide the
analysis. This will be introduced in mathematical terms in Chapter 5.

2.1.5 Control

'Control' is one of the more broadly used terms in the English language.
Commonly it is used to refer to dominate, command, influence, prohibit,
regulate, direct or manipulate. It is an important concept in management,
cybernetics, engineering, economics, sociology, psychology, and many
other disciplines. In each, it has come to have its own particular
meanings and connotations.
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For system thinkers, "control is an attribute of system" (Beer, 1967, p. 9), it
is linked closely with 'stability' since a system may be "stabilized by its
control mechanisms". (Flood and Jackson, 1991, p. 9)

The specific meanings of 'control' in business and cybernetics will be
discussed in Sections 3.1 and 4.4. For the moment, 'control' is taken as the

process which concerns the maintenance of the performance of a system
with prescribed limits under changing circumstances.

2.2 The Issues of Primary Concern to Systems Thinking

The rise to prominence of systems thinking is driven by the desire to
address the issues of complexity and its control which form the core

problem area in various disciplines. As Beishon and Peters (1981, p. 10)
note:

The impetus towards systems thinking and the systems approach has come
partly from a recognition (some would say a belated recognition) of the
complexity of behaviour which arises in both natural and man-made systems,
and partly from the need to gain control over the more threatening outcomes of
their behaviour. So one powerful stimulus to adopt a systems approach arises
from our attempts to predict and control the behaviour of systems instead of
passively suffering from, or just reacting to, the often mysterious changes which
occur in the surrounding physical, biological, social, economic and political
climates.

Since the research questions in this work lie within the problem area of
complexity and control in a management context, a systems enquiry into
them seems to be a logical way for this research to follow.

2.3 Systems Classifications

In order to structure and develop our knowledge of the universe of
systems, attempts by various systems thinkers have been made to classify
systems into some possible types. In each of these attempts, the
classification criterion used is inherently dependent on the particular
interest or purpose of the systems thinker who proposed it. This can be
illustrated by the following two examples. Boulding (1956) defined nine
levels of complexity to construct a classification which supports the
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arguments for his proposition of a general system theory as a skeleton of
science. On the other hand, Checkland (1981) uses the concepts of natural,
designed physical, designed abstract, human activity and transcendental
systems to obtain a classification which fits neatly into an exposition of
his soft systems methodology. Therefore, although every systems
classification has its own imperfection, it cannot be denied many systems
classifications are used fruitfully in their respective application areas.
However it should be observed that there is as yet no generally accepted
generic classification of systems.

In this thesis, various systems are described as 'business systems', 'control
systems in organizations', 'budgetary planning and control system',
'standard costing system', 'feedback control system', and 'dynamical
systems' etc. As it will be seen, these descriptions assist the presentation of
the various arguments.

2.4 Systems Thinking Paradigms

There are two paradigms of undertaking systems enquiry, labelled by
'hard systems thinking' and 'soft systems thinking' respectively. The
methodologies associated with each paradigm are called 'hard (soft)
systems methodologies'. Hard systems methodologies depend heavily on
the feasibility of constructing and manipulating a quantitative model of
the problem situation concerned. This reliance on quantitative modelling
makes them essentially not applicable to problem situations which have
high static complexity and/or high plurality (i.e., where there exists a

multiplicity of values, preferences, and understanding of the situation).
Soft systems methodologies are thought by some systems thinkers to be
more appropriate to tackle the 'pluralistic' problem situations. For a
detailed discussion of hard and soft systems thinking and their associated
methodologies, see Keys (1990).

I take it for granted that hard systems thinking is applicable to the current
research because it and its associated methodologies have a long and
successful record in system analysis and management science. To
minimize the chance of misusing this paradigm of system enquiry, it will
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be seen in Chapters 6 and 7 that problem situations with moderate static
complexity and comparatively low plurality were chosen for study.
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Chapter 3

'Control' in Organizations

The subject area 'control' in organizations is covered by a vast and diverse
literature, yet the present knowledge of the means for integrating these
various ideas and approaches remains far from adequate. This chapter
concentrates on outlining a framework which serves to provide the basic
'control' related business knowledge needed in understanding the
business systems and their models described in Chapters 6 and 7.

This chapter discusses business concepts of 'control' in general, provides
an exposition of the ideas of management control and its wider context,
namely organization control, and, finally, presents the possible types of
control devices in organizations.

3.1 Business Concepts of 'Control'

The business usage of 'control' is usually an incorporation of the ideas of
both 'dominate' and 'regulate'. It is further complicated by the fact that it
may mean either 'the control process' or 'a control device', depending on
the context it is used.

When the word 'control' means 'the control process', its definition given
by Webster's Third New International Dictionary of the English Language
(1986) is:

Application of policies and procedures for directing, regulating and coordinating
production, administration and other business activities in a way to achieve the
objectives of the enterprise.

Expressing a similar strand of ideas, Drury (1988, p. 485) defines 'control'
as "the process of ensuring that a firm's activities conform to its plans and
that its objectives are achieved."
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However, a broader definition which includes planning as part of the
control process is also given by Emmanuel et al. (1990, pp. 7-8):

In a more general sense, control is concerned with the processes by which a
system adapts itself to its environment. That is, in a self-regulating system, such
as a business enterprise, both the specification of objectives and the means of
their achievement are internally generated and form part of the control process.

It is observed that the first two definitions do not include the process of
generating objectives or plans to be achieved as part of the control process
while the third one does include it. In this thesis, the model presented in
Chapter 6 stresses on Drury's definition while the model presented in
Chapter 7 embraces the ideas of Emmanuel et al.'s definition as well.

When the word 'control' is identified with 'a control device', it refers to a

means through which 'the control process' is exercised, see Drucker
(1964). 'Control devices' can assume different forms, they can range from
administrative methods and procedures, to psychological factors which
influence human behaviour.

In this thesis, except for quotations, wherever possible the terms 'control
device' or 'control system' are used to denote 'the means' and the terms
'control' or 'control process' are used to refer to 'the process'.

3.2 Management Control and Organization Control

Exercise of control is fundamental to organizations. As Tannenbaum
(1968) points out, "organization is impossible without some form of
control". But, by whom and for whom control is exercised? This question
is approached from at least two distinct perspectives by academics.

First, the management-oriented academics usually regard the managers of
an organization as serving the interests of the organization and as having
control over it. This is the notion of 'management control' which has
become a popular area of management study since early 1960s.
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A representative definition of 'management control' in management
accounting literature views management control, being an activity, as
distinct from strategic planning and operational control. It is stated by
Anthony (1988, p. 10) as follows.

Management control is the process by which managers influence other members
of the organization to implement the organization's strategies.

Contrary to Anthony's opinion, there is a school of thought (Otley, 1987;
Lowe and Puxty, 1989) that argues that management control cannot be
treated as a separate activity outstanding from either strategic planning or

operational control, and it suggests a wider definition of management
control which expands the scope for managers to exercise control, the
following is one proposed by Otley (1987):

Management control, ... is concerned with the overall activities of the
organisation, undertaken in pursuit of its overall goals and objectives. It, too,
involves both day-to-day operational control and long-term strategic planning,
but is particularly concerned with the interface between these two activities, i.e.
it seeks to ensure that the tasks which are being carried out will, in fact, lead to
objectives being achieved. Management control is therefore the responsibility of
line managers, particularly senior general managers, assisted by staff specialists.

In this thesis, Otley's definition is adopted, though not fully exploited, in
formulating the problem situations of the research questions.

Second, by thinking of an organization metaphorically as an organism, a
number of organization-oriented academics describe an organization as if
it has a will and it controls for the sake of itself, with management control
being subsumed to it. For them, an idea termed 'organization control' is
more appropriate to reflect the control reality in organizations.

According to Otley and Berry (1980), 'organization control' is "the ways in
which organizations manage and regulate their affairs so as to remain
viable and to achieve their chosen ends or objectives."

When these two concepts are compared, management control can be
regarded as an important component of organization control. In other
words, it can be stated that management control constitutes an
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indispensable part of, but not all, the fulfilment of organization control.
In this thesis, both concepts are used for discussing situations which are
felt appropriate. For the model presented in Chapter 6, management
control is focused, while for model presented in Chapter 7 both
management control and organization control are of relevance.

3.3 Types of Control Devices in Organizations

Table 3.1 summarizes the features of various types of control devices in
an organization.

Table 3.1 Types of Control in Organizations
Controls Direction Behavioral and Signal for Reinforcement Sanctions or
Administered for Controls Performance Corrective or Rewards Punishments for

By Deriving From: Measures: Action for Compliance Noncompliance

Organization....

Informal

group

Individual...

Organizational
plans,
strategies,
responses to
competitive
demands

Mutual
commitments,

group ideals

Individual

goals,
aspirations

Budgets,
standard costs,
sales targets

Group norms

Variance

expectations,
intermediate

targets

Deviance

Perceive

impending
failure, missed
targets

Management
commendation

♦
Monetary
incentives,
promotions

Peer-approval,
membership,
leadership

Satisfaction of

"being in control"

I

Request
for explanation

Dismissal

Kidding

♦
Ostracism,
hostility

Sense of

disappointment

♦
Feeling of failure

Source: Dalton, G. W., (1971), Motivation and Control in Organizations, In: Dalton, G. W., and
Lawrence, P. R., (eds.), Motivation and Control in Organizations, Irwin: Homewood, 111., p. 15.

It can be seen that the control devices involve the behavioural aspect of
the members in the organizations to different extents. In practice it is not
easy to consider control devices administered by organization, informal
group and individual independently of each other. In this thesis
emphasis has been put on control devices administered by organization
and individual, and their interactions, though little attention has been
given to control devices administered by informal groups.
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3.3.1 Administrative Control Systems in Organizations

According to Drury (1988, p. 486) an administrative control system is "a
communications network that monitors activities within the

organization and provides the basis for corrective action in the future."
Administrative control systems have been used heavily by management
to carry out the organizational control function.

In this research, the features of two important administrative control
systems, namely the budgetary system and the standard costing system,
provide the basic ideas for formulating the control structures of the
system models for this research. Therefore some general discussions on
these are needed, but for more detailed expositions of budgetary systems
and standard costing systems see for example Shillinglaw (1967), Anthony
and Welsch (1974), and Drury (1988).

3.3.1.1 Budgetary System

A budgetary system operates by setting standards of performance for an
entire activity or operation over a prescribed period of time. Actual
results are compared with budgets, the causes of variances identified and,
where possible, remedial action is taken. The aim is to ensure future
outcomes will conform with budgeted outcomes.

According to Emmanuel et al. (1990, p. 162) budgets can have different
roles in organizations:

1. a system of authorization;
2. a means of forecasting and planning;
3. a channel of communication and coordination;
4. a motivational device;
5. a means of performance evaluation and control, as well as providing a basis

for decision making.

It is seen that budgets can serve not only as a control device, but also a

planning device, usually organizational-wide. Budgetary systems are
found in nearly all organizations of any size, though its level of
sophistication may vary. Since planning and control are not mutually
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exclusive activities in a firm, sometimes they are intertwined to the point
that they become indistinguishable, as reflected in Emmanuel et al.'s
definition of control given in Section 3.1. Therefore, it is not unusual for
a firm to use (rightly or wrongly) the same budget to serve both the
planning and control functions. However, there are doubts raised by a
number of academics as to the effectiveness of such a practice, for example
Charnes and Cooper (1952) expressed that "Good planning data and good
control data are not necessarily the same". In this thesis the equality of the
figures used for control and planning budgets is assumed, but that its
undesirability is a testable proposition is acknowledged.

3.3.1.2 Standard Costing System

The standard costing system operates in several cyclic stages:

1. Planning: setting standards.

2. Monitoring: measuring actual performance.

3. Reviewing: comparing actual performance to standard performance.

4. Correcting: actions aimed at improving any unfavourable variances
between actual and standard performance.

Commonly agreed purposes of standard costing system are:

1. To facilitate effective cost control.

2. To motivate managers and identify responsibility.

3. To provide information for budgetary planning.

4. To decide product cost.

5. To form the basis for stock valuation.
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A standard cost differs from a budgeted cost in that it is expressed on a per
unit basis (Drury, 1988, p. 516). Its setting is intrinsically a normative
process, as suggested by the definition below:

A standard is a predetermined figure, calculated in relation to a particular
business, by referencing to past experience, present conditions and an estimate of
what may be experienced in the future. (Institute of Chartered Accountants in
England and Wales, 1956)

The very nature of 'a standard cost' implied by this definition creates the
main problem with the standard costing system, i.e., the system is
inflexible. However, on the other hand exactly this inflexibility makes
possible the role of a standard costing system in enforcing strict cost
control.

It should be emphasized that in this research the budgetary system and
the standard costing system from a control perspective are considered as

reflecting the same management philosophy, i.e., goals are set for
attainment through a control process. Thus, certain findings from studies
about budgetary system are thought to be applicable to standard costing
system, and vice versa.
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Chapter 4

An Overview of Research Methodology

It is commonly acknowledged that there is no such thing as a totally
objective or value free investigation. My research methodology does
reflect a certain perspective which is no doubt being influenced by my
value judgements, cherished philosophy of nature, adopted theories and
my educational background. Realizing this, it is my goal to give an

exposition of the principles, assumptions, and methods used in this
research as clearly as possible.

This chapter discusses the methodology in general terms, while the
detailed treatments for some major issues are left for the relevant parts of
the thesis.

4.1 The Basics

It is assumed that systems thinking can offer the possible approaches to
tackle the research questions. Therefore it is considered as legitimate to
define a business variable of interest to be part of a business system, that
in turn becomes the focus of this enquiry.

In this research, I assume the stance of treating the business systems
selected for investigation as 'hard' systems, which means in principle that
a 'hard systems methodology' is adopted. However, while an emphasis on

logical and mathematical modelling is maintained, the importance of
representing 'soft' concepts, like human behaviour, in the models is also
recognized because it is expected that in doing so a richer picture of the
problem situations can be captured.

I hold a realist ontology together with a functionalist viewpoint in doing
this research. Business systems under investigation are regarded as

having an empirical existence independent of any individual's cognition,
needs and goals. Consequently a realistic and objective concept of reality
comprising external objects with differentiable functions is adopted in the
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modelling process. Moreover, the value of comparatively simple
mathematical models which can characterize these business systems
(with human elements), at least in some aspects, is assumed. It is expected
that by exploring the behaviour of the mathematical models, insights into
the real world behaviour of these business systems may be obtained.

As opposed to pursuing a traditional mathematical analysis for 'closed-
form solutions', derivation of the dynamical behaviour of the models for
a range of conditions is carried out by performing simulation
experiments. Dynamical system theory is then used to analyse and
interpret the simulated behaviour, with particular interest in the
dynamical characteristics of the models, like stability, in order to study the
answers to the research questions stated in Section 1.2.

One aspect of organizational systems which has concerned academics
(Lowe and Puxty, 1989) is that they may have time-varying structures
governing their responses, i.e., they are adaptive to system and
environmental changes. In this research it is assumed that the structures
of the systems concerned are not time-varying. It is because to analyse
behaviour of models with time-varying characteristics is extremely
difficult, if not impossible. However, the results obtained from these
'time-invariant' research models are thought to be adequate for obtaining
insights for human organizations with slow time-varying structures.

4.2 The Choice between Empirical and Theoretical Enquiries into the
Research Questions

It is suggested that both empirical or theoretical enquiries seem to be
plausible in addressing Research Question 1 (i.e., given that the stochastic
approach is unsatisfactory in that it by-passes the description of causes, is
there any deterministic explanation for all, or at least part of, the
apparently random fluctuations in the behaviour of the business
variables?)

In the case of making an empirical enquiry into Research Question 1, the
time series of a business variable of interest of a real world firm might be
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first obtained in a field study, and then certain diagnostic methods, such
as estimating the largest Lyapunov exponent (to be explained in detail in
Section 5.9) or correlation dimension, could then be applied to the time
series in order to decide whether or not it is related to 'chaos' as described

in Section 5.8. Apparently, it sounds simple enough, but complications
arise when it is realized that the following two conditions must be met
before any empirical enquiry can deliver any meaningful results.

1. The availability of faithfully reported time series of a business variable
of interest of a real world firm over a long time span.

2. The availability of methods powerful enough for detecting 'chaos'
from any given empirical time series.

Condition (1) is difficult to meet because it is a well known fact in
business research that to squeeze a large amount of genuine and detailed
information from a real world firm is a formidable, if not impossible, task
for an outsider researcher to achieve.

Condition (2) is also not easy to fulfil since the work of developing
methods for looking for evidence of 'chaos' from an empirical time series,
which inevitably contains external noise, is still in its infancy. It is true
that some advance has been made, but the capability of the available
diagnostic methods in handling empirical time series with substantial
amount of exogenous noise, or from a small number of data points, is
still low. (Wolf et al., 1985; Chen, 1988; Mosekilde et ah, 1990; Ramsey et
ah, 1990; Brock et ah, 1991; Blank, 1991)

In the case of making a theoretical enquiry, mathematical modelling can
be used, and simulated time series of a business variable of interest can be
assumed and analysed without meeting the problems faced by an

empirical study. On the other hand, a new, if not more serious, problem
has to be dealt with, i.e., whether the model can be validated or not. This

problem will be discussed in Sections 4.7 and 5.10.
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It is suggested that an empirical enquiry, by itself alone, is not applicable
to Research Question 2 (i.e., given that some such deterministic
explanation can be found, could it enable managers to modify their
control systems so as to reduce the apparently random fluctuations in the
behaviour of the business variables?) This is because the currently
available methods of 'reconstructing the scene of chaos' from empirical
time series cannot identify directly the structure of the underlying control
process. This means that even where, from an empirical time series of a
business variable, the existence of 'chaos' is verified, it is still not possible
to identify what control parameters the management should pay
attention to. In contrast, a theoretical enquiry is applicable to this research
question. From the explicitly represented model structures, the control
parameters that influence the model behaviour can be identified directly.

It could be argued that both empirical and theoretical enquiries are
needed to establish more conclusive answers to the research questions.
However, in view of the constraints on my research resources like time,
business connections, and the sophistication of the tools needed for
carrying out meaningful empirical data analysis, I decided to limit myself
to a theoretical enquiry, which can indicate at least some plausible
answers to both research questions. It is believed that the findings of this
research could also shed light on the design of empirical enquiry into the
same questions, and the testing of the validity of the models presented in
this thesis.

4.3 Modelling Method

Since there is no standard approach to model control problems in
organizations, it is believed that it is acceptable to use tools supplied by
various disciplines where they are judged as applicable to forming a
theoretical basis to define models. The research models are expected to
reflect the structure of the control process and other pertinent
relationships in the business systems concerned. Thus, my approach is
'problem oriented' rather than 'tool oriented'.
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4.3.1 Axiomatic Modelling

I chose to follow an axiomatic approach in building the models. That
means that none of the relationships and values of the parameters in the
models are statistically estimated from empirical data. I assume perfect
information about the causalities occurring in the systems of interest.
Business relationships, managerial behaviour and values for parameters
are put forward as a set of axioms or conditions, that by personal
judgement have been ascertained to characterize the business systems of
interest, for the purpose of the models. These guesses might be considered
as subjective and are likely disputable, but this tactic is commonly
employed in the modelling process of real world complex problem
situations. This is observed by Cohen and Cyert (1963) about the
modelling approach in the social sciences:

The behaviour of the total system can be observed. The problem is to derive a set
of component relations that will lead to a total system exhibiting the observed
characteristics of behaviour. The usual procedure is to construct a model that
specifies the behaviour of the components, and then to analyze the model to
determine whether or not the behaviour of the model corresponds with the
observed behaviour of the total system.

4.3.2 Numerical-Based Modelling

It is practically impossible to find an-analytical-solution-to-the-behaviour
of-a-model (i.e., a set of generalized mathematical expressions which, in
principle, consist of the symbols of the parameters and the input variables
of the model) of a business system as complicated as a firm, or even a part
of it, without restricting the representation of the model to a system of
linear equations. However, in this research, the nonlinearities which
occur in the business systems of interest have to be captured faithfully by
their models because it is hypothesized that chaotic phenomena are

largely caused by them. Numerical-based modelling techniques, widely
used in engineering and econometrics, and indeed 'chaos' research, are
favoured. Using these techniques freedom for representing the systems by
nonlinear equations is gained, and the behaviour of the models for any
particular operating condition is obtained by running the computer
simulation over a series of time-steps.
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The software package chosen for implementing the models discussed in
Chapters 6 and 7 is called STELLA II (High Performance Systems, Inc.,
1990). 'STELLA' is an acronym for "Systems Thinking, Experiential
Learning Laboratory, with Animation" and is designed to enable people
to understand the behaviour of dynamical system models. STELLA II was
chosen because it eases the program implementation process by providing
(i) a visual-interactive environment for program writing and running
and (ii) a specialized simulation language, associated with icons, which
allows the encoding of the major model components in a more natural
way than do general computer languages like Fortran and C. Thus it
reduces the distraction of having to program in a comparatively lower
level of computer language and also provides a directly comprehensible
simulation environment. Related to this, models encoded in this
software environment have the merit of being easily changed when
experimentation on different model structures and operating conditions
is needed.

Although it is desirable to have efficient and elegant computer programs
in the simulation model implementation, these are not the primary and
overriding concern of this research project. The common experience is
that a software package rarely does everything proposed by the users. This
also applies to STELLA II. For example, STELLA II is weak in representing
elegantly the complex algebraic and logical relationships which can be
handled easily in a spreadsheet software package. Because of STELLA li s
limitations in representing certain aspects straightforwardly, some parts
of the simulation programs are 'dummy constructs' that are used for the
purpose of circumventing these limitations, consequently some parts of
the source code programs may look awkward at first glance.

A brief introduction to the STELLA II simulation language is given in
Appendix 1. However it is suggested that if the reader wants to
understand the source code programs a mastery of the simulation
language which is detailed in the handbooks of STELLA II (Richmond et
al., 1990) is recommended.
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4.3.3 Concept of Time

The concept of time employed in the models follows what is commonly
found in the literature of accounting, economic analysis and
management science. That time is regarded as a sequence of periods with
finite interval lengths, see for example Samuelson (1976) and Chiang
(1984). In general, a period is earmarked by a 'time index' k, which is an

integer.

This 'discrete-time' concept means that any variable y has a unique value
for 'period k'. In other words, the value of y can only change from one

period to another. For notation purpose the value of y for period k is
generally given by y(k).

This concept of time has determined the mathematical type of the
models, which will be described in Sub-section 4.3.7 and Section 5.2.
Another and related matter is discussed here, namely, the correct choice
of time scales for the models. In the models the time interval represented
is meant to be not divisible indefinitely. I hold the opinion that
continuous time is inappropriate to representing microeconomic
activities of the business systems studied in this research. The reasons for
taking this position are as follows.

1. One implication of continuous time is the acceptance of the existence
of instantaneous rate, that a business variable can still retain its

meaning over an infinitesimally small time period, and this sounds
extremely unnatural to me. It is because each managerial course of
action is normally associated with a business operation cycle which
spans a finite period of time so that the factors of production in the
'managed business activity' can interact 'for a while' before some

managerially meaningful outputs, for example economic returns, can
be attained. In other words, it takes some finite time for managerial
action to become effective. In a business system with managerial goal
seeking behaviour, a budget goal is allowed to be attained within a
finite period of time, for example one week, one month or one year.
Within any subdivided time interval of the period set for achieving
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budget goal, it is not the responsibility of the managers to produce
homogeneous economic returns related to the budget goal.

2. It is recognized that a lot of accounting information being
communicated amongst business practitioners links closely with the
de facto discrete-time monitoring and reporting framework in which
the accounting time interval is highly influenced by the life span of
the operations cycle of the process. This information is defined on

aggregations over a finite, usually quite long, accounting time
interval. If this accounting time interval is reduced to be arbitrarily
small, the original concept behind this information will become
meaningless to the practising accountants and managers.

3. Major business decisions are not made continuously, for example
budgetary planning is a periodic exercise.

Even so argued, I admit that whether or not a process under
consideration is continuous or discrete is subject to the perception and
understanding of the model builder and this is especially true when
facing the debate of the existence of 'natural period(s)' for the economic
processes (Gandolfo et al., 1981; Medio, 1991). (A natural period for an
economic process refers to a-time-interval-of-particular-length which
must be taken into account when the dynamical characteristics of the
process is modelled.)

4.3.4 Concept of Causality

Causality is attributed to the business systems concerned. Since defining
the nature of causality is a perennial subject for philosophical debate, no
attempt is made in this thesis to explore causality itself with overdue
concern. In this thesis causality is expressed as "a change in x causes a

change in y" which reflects either one of the following relationships
between x and y.

1. A change in x precedes or is a precondition of a change in y.
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2. x and y are mutually interdependent, and that the corresponding
changes in x and y occur simultaneously.

Given the potential utility of causality, this research concentrates on

exploring its implications in the control property of the business systems
concerned.

4.3.5 Resolution of the Models

Although it is desirable to construct a model which produces results at
any level of detail, in practice it is very difficult to build such a model,
because even comparatively simple systems may require very complex
models.

Therefore the level of resolution, i.e., the level of detail to be shown, for
the model has to be decided. In this research the level of resolution is set

at that which is familiar to management and its accountants in their
everyday reasoning and which can produce results accurate enough to
serve the concern of the model. Because of this choice, no detailed aspects
of any part of the organization are represented, for example the
engineering aspects of the manufacturing processes are not included in
the models.

Once the level of resolution is decided, the models are constructed based
on the technique of "lumping together components and simplifying
interactions accordingly." (Zeigler, 1976, p. 31)

4.3.6 Orientation of the Models

The models built for this research are intended to serve the purpose of
facilitating a theoretical study of the control issues faced by firms in their
fully to semi-programmable on-going activities. There is no intention to
shape the models in a form which can handle business control problems
effectively in a real-time environment. In other words, they are

investigation models with the concern of generating business system
behaviour for research analysis, rather than normative models for
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specific sets of decision making situations. Thus, certain real world
features considered to be not pertinent to the problem at hand are
omitted. Such an idealized formulation of the models and its highly
simplified settings may sound a bit awkward from a business application
viewpoint, but in my opinion this awkwardness is unavoidable for the
following reasons.

1. It arises from the necessity of abstraction in a scientific analysis.

2. It provides exactly the generic features needed for characterizing the
research problem.

3. It avoids an excessive problem size in view of the formidable
complexities of business life so that comprehensive research results
can be obtained in a reasonable time span.

The emphasis of the models is on internal processes, like decisions and
actions, taking place within a firm. Environmental influences are, in
general, 'lumped' into certain parameters or exogenous variables. The
choice of this inward-looking philosophy is related to the research
purpose, which seeks to demonstrate the possibility that apparently
random behaviour of business variables of a firm may be due to an
inherent defect in its internal control system, and not, despite
appearances, because it is being buffeted by the environment.

4.3.7 Mathematical Structure of the Models

The mathematical structure of the model of each business system
concerned is a state-space representation, which consists of a set of
nonlinear difference equations (or iterated mappings). A detailed
discussion of the state-space model formulation for discrete-time
dynamical systems is given in Section 5.2.
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4.4 Feedback

According to Beishon and Peters (1981, p. 17), 'feedback' is defined as
follows.

The modification of a variable, process or system resulting from its own effects
or outputs. In the strict sense the modification depends on the actual state and a
reference state, but the term is also used loosely to refer to any relationship
involving a causal loop.

'Feedback' is identified as an important notion by cybernetics, that
discipline concerned with formulating the general theory of control and
communication. Traditionally cybernetics defines a control process as the
totality of the activities of monitoring and taking corrective action in
order to ensure that desired ends are attained. Whether the desired ends

can be attained depends on a system property called homeostasis to
"maintain certain critical variables within limits acceptable to its structure
in the face of unexpected disturbance" (Ashby, 1960), which requires that
there be feedback in the system.

Feedback is also recognized by system dynamicists (Forrester, 1961; Coyle,
1977; Wolstenholme; 1990), in both the strict and loose senses, as vital in
influencing the system behaviour. In fact, it is employed to argue for the
structure of the elementary components, called feedback loops, from
which quantitative models of systems are assembled.

4.4.1 Feedback Control System

A system which possesses a feedback mechanism that leads to action
trying to reduce the discrepancy between the controlled output and the
objective is classified as a feedback control system.

A rudimentary model of a single-loop feedback control system, which is
adapted from Coyle (1977, p. 26) and DiStefano et al. (1976, p. 13), is shown
in Figure 4.1 below.
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Feedback Objective for the
Information Control System

Figure 4.1 Single-Loop Feedback Control System Model

It is emphasized that the arrows in the loop, connecting one block with
another, represent the direction of flow of control energy or information,
and not the main source of energy for the system. The controlled system
is the component of which a particular variable or condition is to be
controlled. The controller is the component required to generate control
energy or information which is used in an attempt to influence the
controlled system. The feedback element is the component required to
establish the functional relationship between the feedback information
and the controlled output. The objective is an external piece of
information applied to the feedback control system in order to command
a specified action of the controlled system. It usually represents the
desired controlled system output behaviour. The controlled output is the
'to be controlled' variable or condition of the controlled system. The
complement consists of anything which is capable of affecting the
controller or the controlled system (or the value of the controlled output),
but incapable of being affected by either. In other words the complement
contains any sources of exogenous influences which affect the feedback
control system.

Feedback control systems are best recognized by control engineers who
deal with mechanical and electrical systems. However, the notion of a
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feedback mechanism which provides the underlying control process for a

system with human elements is by no means new to workers in
economics, management, accounting and psychology, see for example
Goodwin (1951), Simon (1952), Tustin (1953), Forrester (1961), Bekey
(1970), Lawler (1976), and Otley and Berry (1980).

Quite a number of management accounting academics quote gadgets
incorporated with a feedback control mechanism, for example the
thermostat (Bromwich, 1969; Lawler, 1976; Anthony et al., 1984; Drury,
1988; Emmanuel et al., 1990), as analogies in introducing the idea of
management control process. However, they feel that there are
'limitations' to the value of this control model for representing
management control systems because it does not seem to take sufficient
account of human behaviour, and hence they restrict its use to making
inspiring qualitative analysis of some of the issues involved in the design
and operation of such systems.

Despite these reservations I believe that, by considering an appropriate
system level, a formal control system which includes aspects of human
behaviour can be represented closely by a suitably modified feedback
control system model. One virtue of this representation is that it reveals
explicitly that the regulatory performance of a control system may depend
very much on the characteristics of how the human (managerial)
controller and the controlled operating system exert influences on each
other.

My view is shared by other academics. For example Stedry (1960), who
built a quantitative model for analysing cost behaviour based on the idea
of feedback control mechanism, stated that:

While it is not proposed to push this analogy with servomechanisms [feedback
control mechanism] to absurd limits, it seemed plausible to suppose that systems
involving humans, or humans and machines, might be subject to the same
general kinds of considerations.
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4.5 Social Psychology

Lawler (1976) points out, "basic to any discussion of control systems is
some conception of the nature of human beings." Thus I had made a

conjecture that there exists a deterministic causal relationship between
the managerial behaviour and the behaviour of a controlled business
variable. This conjecture is easily ignored by many academics because
hitherto much emphasis has been put on investigating in depth the
immediate causes amongst the contingent and tangible inputs to the
controlled process which produces the problematic business variable as an

output. The alternative, of looking into the possibility of the trouble being
caused by the operational features (e.g. the behavioural pattern) of the
manager who is supposed to control the business variable, is less often
studied.

Since the above conjecture (i.e., there exists a deterministic causal
relationship between the managerial behaviour and the behaviour of a
controlled business variable) requires an exploration of the relationship
between managerial behaviour and performance, social psychology is
employed in this research. The use of knowledge in social psychology to
deal with accounting problems, especially issues related to budgetary
systems, has a long history. As Lowe and Puxty (1989) note:

The link between accounting and social psychology can probably be traced at its
earliest to the pioneering work of Chris Argyris (1952) who researched the effects
budgeting systems had on middle management and supervisory grades.
Development of the link, of the evident enrichment which could come from
the insights social psychology could add to the accounting process, were at first
slow. But they gained momentum throughout the decade, and the 1960s
academics could base their research on a growing body of knowledge at the level
of the individual: in particular, the effects of budget systems on motivation.

One of the major factors to be taken into account in the model discussed
in Chapter 6 is 'stress' induced in managers by information. The ways in
which this is incorporated into the model is informed by the literature of
social psychology, particularly that of McGrath (1970a, 1970b, 1976), Lawler
(1976), and Weick (1988). More details of this aspect will be given in
Sub-sections 6.4.2 and 6.4.3.
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4.6 Dynamical Systems Theory

This research studies the time series of the target variables by setting
dynamical systems theory into the framework of model creation and
analysis.

An exposition of the ideas of dynamical systems theory pertinent to this
thesis is given in Chapter 5.

4.7 Model Validation

Model validation is a subtle issue because the model of a system is not the
reality. A model can only produce results within its limitations
(resolution, accuracy etc.) imposed by its inherently subjective
representation. The theoretical nature of this research requires me to
follow the model validation theme suggested by Stevens (1991), that
"[model] validity is determined by a level of confidence" and "if a model
does what it is conceptualized and designed for, i.e., to increase
understanding, then it should also be considered valid." Attention is also
paid to the following two questions suggested by Shannon (1981).

a. Does the model adequately represent the real world system?
b. Is the model generating behavioural data characteristic of the real system

behavioural data?

I would not expect the models in this research to be the exact replications
of the real world because all models are simplifications to some degree.
However as it will be seen in Chapters 6 and 7 they can be claimed to
satisfy reasonably well the above criteria.
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Chapter 5

Dynamical Systems Theory

In setting dynamical systems theory into the framework of model
creation and analysis for this thesis it is proposed to give just an outline
of that part of the theory which is of special relevance to this thesis and
not to attempt a comprehensive survey of that very large area of thought.
A more thorough description of the subject can be found in Rosen (1970),
Cook (1986), Thompson and Stewart (1986), Devaney (1989), Parker and
Chua (1989), Ruelle (1989), Sandefur (1990), and McCauley (1993).

This chapter presents an elementary introduction to dynamical systems
theory, with an emphasis on nonlinear discrete-time dynamical systems
and 'chaos', gives a brief account of a method of diagnosing the presence
of 'chaos' in a dynamical system, discusses a practical view on the
computational aspect of the studies of dynamical systems, and, finally,
comments on the reliability of induction made from observations of a
nonlinear dynamical system.

5.1 Introduction to Dynamical Systems Theory

A dynamical system is "characterised by a set of related variables, which
can change with time in a manner which is, at least in principle,
predictable provided that the external influences acting on the system are
known." (Cook, 1986) A dynamical system, in general, is not only a

system which merely changes over time, but it is also a system which
generates its own change. This is because the present values of the
system's endogenous variables participate in determining the future
values of these variables.

According to Rosen (1970, p. 1),

[The aim of the study of a dynamical system] is to determine what can be said
about the behaviour of the system at later (or, sometimes, earlier) times on the
basis of information about the system at a specific instant (e.g., the present). The
theory of dynamical systems concerns one kind of framework in which such a
study can be systematically carried out. It is probably not the only such
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framework, but the fecundity of dynamical-systems theory has been so
enormous that it has, at present, permeated all our ideas on the study of systems
and their representations.

Dynamical systems theory has been applied to problems related to
natural, engineering, ecological, social, and economic systems.
(Thompson and Stewart, 1986, p. ix). In this thesis, I apply dynamical
systems theory to the issue of 'control' in business systems because "all
types of control are subsumed under the heading of dynamical systems
theory, and that this theory gives us a unified framework from which
control can be fruitfully viewed." (Rosen, 1970, p. 34)

5.2 The State-Space Models of Dynamical Systems

In dynamical systems theory a state-space model usually provides the
mathematical structure needed for system quantification purpose. In a

state-space model a set of elemental attributes of a system called 'state
variables', with the total number n, are chosen to represent the 'state',
geometrically viewed as a point in an n-dimensional Euclidean space Rn,
of the system. The time evolution of the state forms 'the behaviour' of
the system. The basic formalism of a state-space model assumes that the
value of the state of a system at any particular time contains sufficient
information for predicting the values of the future states of the system,
given that the external influences acting upon it are known.

Workers in dynamical systems theory often classify dynamical systems
into continuous-time and discrete-time. The elementary state-space
models of these two classes of dynamical systems are given below.
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The elementary state-space model of a continuous-time dynamical system
(Cook, 1986) consists of a set of first-order ordinary differential equations
of the form

dx1
= f^Xp x2,..xn, uv u2, ..um, t)

dx2
-£■ = f2(xv X2, ..Xn, Up U2,..Um, t)

^5
dt

= fn(xp x2, ..xn, Up u2, ..um, t)

where time t g R, R is the set of real numbers; Xp x2, .xn are the state
variables, X; G R; Up u2, ..., um are a number of externally specified 'input
variables' which constitute the 'driving forces' acting upon the system
from outside, u; g R; fp f2, ..., f are functions with domain Rn X Rm X R
and range R. For ease of notation, vector quantities are preferred and they
are printed in bold letters in this thesis, thus the state and input variables
are put into

a state vector x =

L.V

, and an input vector u =

ui
in

i_ um -J

respectively.

With a similar notation for the functions on the right-hand side, a vector
function f results. Thus the model is represented by a vector differential
equation of the form

dx
= f(x, u, t) (5.1)

The elementary state-space model of a discrete-time dynamical system
(Cook, 1986) consists of a set of first-order difference equations of the form

xi(k+l) = f1(x1(k), x2(k), ..., xn(k), u:(k), u2(k), ..., um(k), k)
X2(k+!) = f2(Xl(k)' X2(k)' •••' Xn(k)' Ul(k)' U?(k)' •••' Um(k)' k)

xn(k+l) = ^(x^k), x2(k), ..., xn(k), u:(k), u2(k), ..., um(k), k)
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where time k e I, I is the set of integers; x1, x2, ..., xn are the state variables,
Xj e R; ui, Uj, u2, um are a number of externally specified 'input
variables' which constitute the 'driving forces' acting upon the system
from outside, uA e R; fT, f2, ..., fn are iterated functions (or mappings, or
maps in short) with domain Rn X Rm X I and range R. With vector
notations for the variables and functions, the model is represented by a
vector difference equation of the form

x(k+l) = f(x(k), u(k), k) (5.2)

Though the set of state variables, by definition, provides all the
information of the behaviour of a dynamical system, it is usual to
encounter a model with state-space structure containing variables other
than x, u and t (or k). These variables, sometimes called auxiliary (or
intermediate) variables, are generally functions of x, u and t (or k) and
help to organize the model builder's mental picture of the system of
interest. In addition, the set of endogenous variables, with the total
number h, representing certain aspects of which the analyst has special
interest are called the 'output variables'. They are denoted by the output
vector

-yr

y?y =

_yh_

In the literature of dynamical systems theory, the authors usually assume
that the properties of a state-space model, which is in fact an equation
system, reflect exactly all the essential properties of the modelled object,
i.e., the dynamical system itself. Thus it is not necessary for them to
distinguish a dynamical system from its state-space model in their
discussion on the subject. In spite of the fact that the validity of such an

assumption of 'mirror image' is subject to query by some systems
thinkers, the presentation of dynamical systems theory in the rest of this
chapter adopts this assumption for the sake of abiding by mainstream
practice. Consequently, except on occasions (especially in Section 5.10)
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where the distinction is necessary, the terms 'dynamical system' and
'state-space model' are treated as synonymous.

By employing a transformation technique the analysis of a continuous-
time dynamical system can be replaced by the analysis of a 'Poincare map'
which is a discrete-time dynamical system. (Parker and Chua, 1989, pp. 31-
56) When the numerical values of the properties of continuous-time
dynamical systems are 'approximated' by the digital computers such
systems are first converted to discrete-time dynamical systems.

While discrete-time dynamical systems have been viewed by many as
tools of the studies of continuous-time dynamical systems, they are

interesting systems in themselves because "some dynamical models,
notably in economics and biology, are more naturally formulated ixa
discrete (rather than continuous) time" (Cook, 1986, p. 164) and "iterated
maps [or discrete-time dynamical systems] have been used successfully to
analyse and predict nonlinear phenomena that occur in nature ..."
(McCauley, 1993, p. xiv).

5.3 Basic Concepts and Terminology of Discrete-Time Dynamical
Systems

For the reasons argued at Sub-section 4.3.3 the business systems of interest
in this research are regarded as discrete-time dynamical systems, the ideas
reviewed in the following parts of this chapter are related primarily to
this class of systems. Flowever, most of these ideas, for example the
trajectory, limit sets, bifurcation and chaos, are also applicable to
continuous-time dynamical systems with or without modifications.

5.3.1 Linear and Nonlinear

In Equation (5.2), the vector function f is linear if
f(x(k), u(k), k) = A(k)x(k) + B(k)u(k), where A and B are matrices of
appropriate dimensions. On the other hand, f is nonlinear if
f(x(k), u(k), k) = A(k)x(k) + B(k)u(k) does not hold. (Cook, 1986, p. 9)
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Although it is often easier to analyse state-space models with f being
linear than those with f being nonlinear, this research studied the
nonlinear cases because it is acknowledged that models with nonlinear f
represent real life situations better. (Sandefur, 1990, p. 8).

5.3.2 Autonomous and Non-autonomous

In Equation (5.2), the mapping f of a state-space model generally depends
on the time k, either explicitly or through the input function u(k), or
both. Such a time-dependent model (or dynamical system) is described as
'non-autonomous'. However, that part of dynamical systems theory
which is interested in nonlinear f is largely concerned with cases where
the time k influences f neither explicitly nor through the input function.
(Cook, 1986, p. 18) Such time-independent models (or dynamical systems)
are described as 'autonomous'. In these cases, the vector difference

Equation (5.2) becomes x(k+l) = f(x(k), u), where u is a constant vector,
which is, however, to be regarded as adjustable when conducting a

sensitivity analysis on the model concerned.

It might be pointed out that in principle a non-autonomous model can be
converted into an autonomous model, and the theoretical results

concerning the behaviour of autonomous models are applicable to a
'certain class' of non-autonomous models. (Cook, 1986, p. 18; Parker and
Chua, 1989, p. 2)

It has to be emphasized here that the ideas discussed in most parts of this
chapter refer to an autonomous discrete-time dynamical system given by

x(k+l) = f(x(k), u) (5.3)

5.3.3 Trajectory and State Space

Given (i) the initial condition x(k0) = x(), and (ii) the description of u for
k > k0, the solution to the Equation (5.3), if exists, is often written as <j)k(x0)
in order to show explicitly its dependence on the initial condition. The
locus of points (or states) {(t>k(x0): "°° < k < °°\ traversed by the dynamical
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system over all time is called the trajectory through xQ. In practice, it is
common in discussion to use only the symbol 4>k(xo) to re^er t° this
trajectory for the sake of notation simplicity. Informally, the trajectory is a

sequence of points (or states) that are defined recursively, i.e., there is a set
of rules (represented by the mapping f) relating each point (or state) to
previous points (or states) in the same sequence. In general the sequence
is 'discontinuous' for discrete-time dynamical systems. It also needs to be
pointed out that any given x() is passed through by a unique trajectory.
That means that no two trajectories intersect with each other and hence
determinism is guaranteed. In the literature 'orbit' is sometimes used
instead of 'trajectory'.

The space which the trajectory traverses is called the state space of the
dynamical system.

If the state variables x^k) = X(k), x2(k) = X(k+1), x3(k) = X(k+2), ...,
xn(k) = X(k+n-l), where X is a scalar variable, then x-j, x2, x3, ..., xn are also
called the phase variables (with respect to X). In this case the state space is
given a special name called the 'phase space'. In addition, in the literature
some authors choose to use 'phase space' instead of 'state space' even
when the state variables are not the phase variables. In this thesis I intend
to use these two terms rigorously.

5.3.4 Steady State Behaviour and the Transient

Steady state behaviour and the transient are 'time-based' concepts. Steady
state behaviour is the asymptotic (or eventual) behaviour of a dynamical
system as k —» °°. The steady state behaviour must be 'bounded' to make
sense. The difference between the trajectory originated from xQ and its
steady state behaviour is called the transient.

One of the main goals of the dynamical systems theory is to understand
the steady state behaviour, the question "where do points go and what do
they do when they get there?" (Devaney, 1989, p. 17) is often asked by the
workers in this field.
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5.3.5 Limit Sets

Limit sets are geometrical forms that characterize steady state behaviour
of a dynamical system in the state space. Informally, a limit set is the set of
points in the state space that a trajectory repeatedly visits. Definitions
related to limit sets (Parker and Chua, 1989, p. 5) are given as follows.

A point z is an 'co-limit point' of xQ if, for every neighbourhood U of z,
(|)k(x0) repeatedly enters U as k —>

The set L(x0) of all co-limit points of xQ is called the co-limit set of xQ. As the
notation indicates, the co-limit set depends on x0.

There exist reverse-time limit points and limit sets called 'a-limit points'
and 'a-limit sets' respectively. Their definitions are identical to those for
co-limit points and co-limit sets except that k -» <» is now replaced by
k —>

A nonlinear dynamical system may have more than one limit set.

5.3.5.1 Attracting Limit Sets

An co-limit set L(x()) is 'attracting' if there exists an open neighbourhood
U' of L(x0) such that L(x) = L(x0) for all x e U'. The 'attraction basin' Bl of
the attracting limit set L(x0) is the union of all such neighbours U'.
Intuitively BjAs the set of all the initial conditions that tend toward L(xQ)
as k —^ °°.

Loosely speaking an attracting limit set has the following properties.
Trajectories which start at points on the attracting limit set remain there
forever; trajectories originating from points not on the attracting limit set,
but which are within the attraction basin of the attracting limit set,
approach the attracting limit set to an arbitrary degree of closeness. In
other words the long-term time evolution of the dynamical system does
not explore the whole state space, it takes place solely within the attracting
limit set.
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A nonlinear dynamical system may have more than one attracting limit
set, each with a different attraction basin. The initial condition
determines which attracting limit set is eventually reached.

The term 'attractor' is commonly used in the literature instead of
'attracting limit set'. While acknowledging that there are theoretical
reasons to argue that they represent concepts which are not always
equivalent (Ruelle, 1989, p. 25), "from a practical point of view, there is
little harm in ignoring the difference between attractors and attracting
limit sets ..." (Parker and Chua, 1989, pp. 19-20). Thus in this thesis these
two terms are treated as synonymous.

It needs to be pointed out that an attractor is thought by mathematicians
like Abraham and Shaw (1983, p. 94) to determine the dynamic features of
the attracted trajectories. From this perspective, an attractor not only has a

geometrical character, but also has an equally important dynamic
character.

5.3.5.2 Geometrical Types of Limit Sets

Referring to Equation (5.3), the geometrical types of limit sets are
introduced as follows.

1. Fixed point:

A limit set which consists of a single point is called a fixed point.

Analytically x* is a fixed point of the dynamical system if x* = f(x*, u).

2. Period-K closed orbit:

A limit set which consists of a closed loop of points is called a period-K
closed orbit.

Analytically the sequence (x^, x2, ..., x^} forms a period-K closed orbit of
the dynamical system if x-+1 = f(x*, u) for i = 1, 2, ..., K-l, and
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if x\ = f (x^, u). The orbit repeats, which is signified by the term 'closed
orbit', for every K iterations.

It might be pointed out that a fixed point is regarded as a period-1
closed orbit in the literature.

3. Quasi-periodic orbit:

A limit set which consists of a torus (an object with the shape
somewhat like a ring doughnut) is called a quasi-periodic orbit.

Given an orbit which is generated by combining a finite number of
independent periodic orbits, the orbit repeats exactly if and only if
"there is some period of time that is an exact whole number multiple
of each of the separate periods." (Stewart, 1989) In general the orbit at
times almost repeats, but never quite succeeds in doing so, in this case
it is identified as a quasi-periodic orbit.

4. Strange attractor:

A limit set which is not a fixed point, not a period-K closed orbit, and
not a quasi-periodic orbit is called a strange attractor.

A strange attractor cannot be described by a 'tidy' formula (i.e., a closed-
form analytical expression), thus it has to be estimated by numerical
methods, with results often expressed in graphical form. It is not a
simple topological (or geometrical) object, for example it possesses a
fine structure and self-similarity, i.e., successive magnifications
uncover more and more details and the patterns appear to be
repeating.

The dynamic features of the trajectories which are attracted by a

strange attractor will be given in Sub-section 5.8.1.
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5.3.6 Dimensions

Informally, dimension may be thought of as "a measure of 'complexity',
i.e., the number of operative modes or operative degrees of freedom."
(Brock et al., 1991, p. 16)

The dimension of a dynamical system is the number of state variables
that are used to describe the dynamics of the system. This dimension is
always an integer.

The dimension of an attractor is a lower bound on the number of state

variables needed to describe the steady state behaviour of the dynamical
system concerned. Capacity dimension, information dimension,
correlation dimension, kth nearest-neighbour dimension, and Lyapunov
dimension (Parker and Chua, 1989, p. 166) are five different definitions of
the dimension of an attractor commonly in use, all of them are called
'fractal dimensions' because they allow non-integer values. The
Lyapunov dimension is of particular relevance to this thesis (to be
explained in Sub-section 5.9.1) and its definition will be given in
Section 5.9 after the concept of the set of Lyapunov exponents of a limit
set is discussed.

It is known that the dimension of a 'non-strange' attractor is an integer,
and the dimension of a strange attractor is almost always a non-integer.

5.4 Phase Portrait

The phase portrait of a dynamical system is a geometrical, therefore
qualitative, description of the behaviour of the system in the state space.
A strict definition requires the specification of all the possible trajectories,
the limit sets, and the attraction basins of the dynamical system.

In practice, to obtain the phase portrait of a dynamical system one starts by
selecting a set of (note: not 'all possible') initial conditions, and then
proceeds to (i) calculate the numerical solutions based on the state-space
model of the system, or (ii) observe the subsequent behaviour of the 'real
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world' system. The computation (or 'real world observation' in case (ii))
results then provide the data for plotting the 'estimated' phase portrait,
which is usually presented by plotting the state variables of the dynamical
system in groups of one or two or three on a line, or on a plane, or in the
three-dimensional space respectively.

There are occasions when only one single limit set of the dynamical
system is plotted. This 'partial' phase portrait is usually referred to as the
'phase plot' of the limit set concerned.

5.4.1 Reconstruction of Attractors

A technique suggested by Takens (1980) allows an attractor to be
'reconstructed' from a sampled time series of just one scalar variable. This
provides a powerful tool in developing numerical algorithms of
nonlinear dynamics, since it is much easier to observe only one scalar
variable when analyzing a complex dynamical system. As it will be seen
in Sub-section 5.9.1, this technique provides a basis for Wolf et al. (1985) to
formulate an algorithm for estimating the largest Lyapunov exponent,
which is an important tool employed in Chapter 6 for diagnosing the
presence of the strange attractor(s).

Given a time series of a scalar variable X(k) of an n-dimensional

dynamical system, k = 1, 2, ..., T, and assuming the time series is
generated by a trajectory that is close to or on an attractor, an M-
dimensional phase plot of this underlying attractor is 'reconstructed' with
delay coordinates in such a way that a point on the 'reconstructed
attractor', called an 'M-History', is given by (X(k), X(k+x), ..., X(k+(M-l)x)},
where x is some chosen delay time. Given n the state space dimension of
the dynamical system which possesses the underlying attractor, and
provided M > 2 * n + 1, generally the reconstructed attractor 'recreates' the
dynamics of the underlying attractor. In the literature the 'reconstructed
attractor' is often called 'the embedding' and M is called 'the embedding
dimension'.
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A plot of X(k) versus X(k+x) can provide insight into the underlying
attractor which generates the given time series, see Chen (1988). For a
fixed point attractor, the plot is a point. For a periodic-K closed orbit, the
plot is a closed loop. For 'truly' random noise (one with infinite degrees of
freedom), the plot is a uniform cloud of points. For a strange attractor, the
plot is complex but with a well-arranged topological (or geometrical)
structure.

5.5 Perturbation

A perturbation is a change introduced (i) to the state of a dynamical
system irrespective of the set of rules [i.e., the vector function f in
Equations (5.1) or (5.2) or (5.3)] which nominally dominates the behaviour
of the system, or (ii) to the set of rules itself. These two distinct types of
perturbation are termed respectively as:

1. Perturbation of the state of a dynamical system.

2. Perturbation of the structure of a dynamical system.

Perturbation of the state of a dynamical system is most frequently studied,
and as a special case the perturbation of the initial state (condition) is
linked to the definition of stability of a trajectory in the sense of
Lyapunov (Leipholz, 1970), which will be stated in Sub-section 5.6.2.

Perturbation of the structure of a dynamical system can arise in more
than one way. 'Perturbation of the parameter value of a dynamical
system' is probably the most common way. It is of practical importance
and is pertinent to this thesis.
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5.6 Stability

Although it was mentioned in Sub-section 2.1.4 that there is no universal
definition of 'stability', with regard to the mathematical definitions of
stability this thesis agrees with what Leipholz (1970) observed about their
general features:

They consist of the following stipulations and concepts: an unperturbed state,
whose stability is being studied, is specified. A perturbation is then applied to the
unperturbed state, so that it is transformed into a perturbed state. Certain
characteristics are emphasized, which we shall call norms, which characterize
the states at any desired time. The change in the norms during the transition
from the unperturbed state to the perturbed state under the influence of the
perturbation is determined. Based on this behaviour, a conclusion may be
reached regarding the stability of the unperturbed state or its instability. In order
to define the change in the norms, a measure for the perturbation is defined, as
well as a measure for the norm. The following definition is used: If the
perturbation does not exceed this defined measure, the unperturbed state is
called stable when the change in the norm caused by the perturbation does not
exceed its established measure. Otherwise the unperturbed state is unstable.

Definitions of stability in the context of dynamical systems theory which
are relevant to this thesis are given below. It might be pointed out that
the definitions of (i) stability of a limit set and (ii) stability of a trajectory
are formulated in the sense of Lyapunov (1892), thus conceptually these
two kinds of stability links closely with each other.

5.6.1 Stability of a Limit Set

There are four different types of stability of a limit set (after Parker and
Chua, 1989, p. 58).

1. A limit set L is 'stable' if, for each open neighbourhood U of L, there
exists an open neighbourhood V of L such that, for all x e V and for
all k > k0, (j>k(x) e U. Informally, L is stable if all trajectories which are
initially sufficiently close to it stay nearby.

2. A limit set is 'asymptotically stable' if there exists an open

neighbourhood V of L such that the co-limit set of every point in V is

47



L. Informally, L is asymptotically stable if all trajectories which are

initially sufficiently close to it are attracted towards it.

3. A limit set is 'unstable' if there exists an open neighbourhood V of L
such that the a-limit set of every point in V is L. Informally, L is
unstable if, no matter how close initially a trajectory is to it, this
trajectory eventually gets far from it (except of course trajectories in L).

4 A limit set is 'non-stable' if every neighbourhood V of L contains at
least one point not in L whose co-limit set is L and at least one point
not in L whose a-limit set is L. Informally, L is non-stable if at least
one trajectory not in L is attracted and if at least one nearby trajectory is
repelled.

It is observed that the stability type 'stable' has a weaker requirement for
'stability' than that of 'asymptotically stable'. Thus an 'asymptotically
stable' limit set is also always 'stable'. All other pairings of the stability
types are mutually exclusive.

To determine the stability type of a limit set of a nonlinear dynamical
system, with its state-space model given, is often a difficult analytical task.
For analytical methods available, see Parker and Chua (1989, pp. 59-71).
Usually it is accomplished conveniently by picking up several values
close to the limit set (whose location is assumed to be known) and use

them as initial conditions to simulate the corresponding trajectories in a

computer. From the direction of movement of trajectories, the stability
type of the limit set can be deduced.

A related issue is that, suppose the location of the limit set is not known
and has to be found out, if it is a stable limit set then it can be located

(Parker and Chua, 1989, p. 206) directly by the computer, if it is an unstable
limit set then it cannot be located directly by the computer, and its
location can only be deduced (or judged) by the analyst based on the
direction of movement of the trajectories calculated.
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5.6.2 Stability of a Trajectory

The stability definition (Rouche et al., 1977; Cook, 1986, p. 120) described
below illustrates the concept of stability of a trajectory.

Referring to Sub-section 5.3.3, the trajectory (J)k(x0) is said to be 'stable' at
time k0 if, for every e > 0, there exists 8 > 0 such that if <j)k(x0') is any other
trajectory with I (j)ko(x0) - <t)ko(x0') I < 8, then I cj)k(x0) - (J)k(x0') I < e for k > kQ.
Otherwise 4)k(x0) is called 'unstable' at k0.

8 may depend on k0, however for cases where 8 is independent of k0, the
trajectory <t>k(x0) is said to be 'uniformly stable' (over time).

Informally, stability of the trajectory at time k0 can be interpreted as a
measure of the continuous dependence of the trajectories on the initial
conditions. The idea of an 'unstable' trajectory is closely related to an

important concept called 'sensitive dependence on initial conditions'
(Devaney, 1989, p. 49), which is illustrated below.

Referring to Sub-section 5.3.3 again, the dynamical system has 'sensitive
dependence on initial conditions' if there exists e > 0 such that, for any
x0 e Rn and any neighbourhood U of x(), there exists xQ'e U and k > k0
such that I <j)k(x0) - (j)k(x0') I > e.

Intuitively the dynamical system possesses 'sensitive dependence on
initial conditions' if there exist points arbitrarily close to x0 such that the
trajectories emanating from them eventually separate from that
emanating from x0, at a rate characteristic of the system, and that they
become practically uncorrelated with it. This means that, as time passes,
the knowledge of <j>k(x0) yields progressively less information of (j)k(x0'),
and vice versa. It should be emphasized that not all points near x0 need
give rise to trajectories that eventually diverge from that originated from
x0, but there must be at least one such point in every neighbourhood of xQ.
Some authors, like Ruelle (1989, p. 8), describe 'sensitive dependence on
initial conditions' as a cause of 'dynamical instability'.
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An operational method of diagnosing the presence of 'sensitive
dependence on initial conditions', which is pertinent to this thesis, will be
discussed in detail in Section 5.9.

5.6.3 Structural Stability of a Dynamical System

A mathematical formulation of the definition of structural stability of a

dynamical system is beyond the scope of this thesis, but informally a

dynamical system is structurally stable if there exists no infinitesimal
perturbation of its parameter value that causes qualitative change in the
behaviour of the system. (Kubicek and Marek, 1983, p. 207) This idea will
be illustrated further in Section 5.7.

5.7 Bifurcation

It is often convenient to assume that 'continuity' exists for the behaviour
of a dynamical system in the sense that a small variation in the parameter
value of the system causes a small variation in the behaviour of the
output variable(s). However, 'discontinuity' in system behaviour
sometimes does exist as the parameter value changes and this situation is
described by the term 'bifurcation' in dynamical systems theory.

Consider a dynamical system involving a set of parameters described by a
'Pi'

parameter vector p
P2

, p G R . If significant qualitative changes occur

.Ps_

in the system for p in any open neighbourhood of p(), then the parameter
value p0 is called a 'bifurcation value' and the dynamical system is said to
undergo a 'bifurcation' as p passes through p . Here a qualitative change
occurring in the system refers to a change in (i) the number of its limit
sets, or (ii) the geometrical and/or stability types of its limit sets, or (iii) its
attraction basins; or any combination of these three. Strictly speaking, a
bifurcation leads to the generation of a new dynamical system from the
original one.
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It is seen from above that the bifurcation phenomenon is closely linked to
the concept of structural stability of a dynamical system, which is
presented in Sub-section 5.6.3 above. In particular, the set of bifurcation
values is the set of parameter values at which the system is structurally
unstable.

The theory of bifurcation is very complex, and a mathematical treatment
of it is beyond the scope of this thesis. For an introduction to the
mathematical theory of bifurcation, see Kubicek and Marek (1983). One
remark which can be made here on the 'state-of-the art' of bifurcation

theory is that its analytical techniques developed so far are still limited,
thus numerical techniques are always taken as an alternative to address
particular problems at hand, for example the problem of finding the
bifurcation values of a dynamical system.

5.8 Chaos

For most people, 'chaos' is a term which describes the general idea of a
situation or behaviour that is entirely out of control. In dynamical
systems theory 'chaos' is a more precise concept, however, there is still no
generally accepted definition for what is really meant by it despite
considerable activity in the field. (Hao, 1984, p. 3) As a matter of fact, "the
concept of chaos is new and is not completely understood by the
mathematicians and scientists working in this field". (Sandefur, 1990,
p. 211) Though the concept of 'chaos ' is often introduced first in a
mathematical context in the literature, it is important to recognize that
'chaos' is also referred to a systems phenomenon found in the real world.
Currently 'chaos' is believed, based on research evidence (Mosekilde et al.,
1985; Thompson and Stewart, 1986, p. 11), by a number of researchers not
to be a phenomenon which occurs only in exceptional, pathological
dynamical systems, and there is a widespread feeling that its general scope
offers some promise of understanding complex system behaviour as

something that is purposeful and structured instead of extrinsic and
accidental.
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It is not the intent of this thesis to give a categorical definition of 'chaos'.
In a loose way 'chaos' may be thought of as a distinct mode of steady state
behaviour for nonlinear dynamical systems, which exhibits a paradoxical
combination of 'randomness' and 'order'. Thus, Pool (1989) suggests that
'chaos' represents a kind of 'deterministic randomness', " 'deterministic'
because it arises from intrinsic causes and not from some extraneous

noise or interference; and 'randomness' referring to irregular,
unpredictable behaviour."

A dynamical system which exhibits 'chaos' (or 'chaotic behaviour') is
often described as a 'chaotic dynamical system', or a 'chaotic system' for
short. The specific hypotheses and arguments concerning 'chaos', within
the dynamical systems theory framework, are frequently referred to as
'chaos theory'.

5.8.1 The Characteristics of a Chaotic System and Chaotic Behaviour

The following are the characteristics of a chaotic system and chaotic
behaviour which have received considerable attention in the literature.

1. Any state of a chaotic system, in principle, is completely determinate.
This is a restatement of the fundamental mathematical assumption of
a dynamical system.

2 Chaotic behaviour is displayed by the trajectories that are attracted by a

strange attractor. Because of this, a strange attractor is also called a
chaotic attractor.

3. A chaotic system exhibits sensitive dependence on initial conditions,
as a cause of 'dynamics instability', that was discussed in
Sub-section 5.6.2. This is due to the "bounded expansion, or
divergence and folding together of [the chaotic] trajectories within a
bounded space" (Abraham and Shaw, 1983, p. 107)
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4. A chaotic trajectory given time, sooner or later pierces every little
region of the strange attractor, and this is called 'topological
transitivity'. (Abraham and Shaw, 1983, p. 101)

5. A chaotic trajectory moves about in a completely aperiodic, very
complicated and apparently random way.

If a 'truly' random time series is accepted to be a sequence where the
occurrence of each term is independent of the occurrences of the other
terms (see the discussion on the concept of 'random' at Section 1.1),
then a chaotic time series is not 'truly' random because the occurrence
of each of its terms depends on the occurrence(s) of the previous
term(s) due to characteristic (1).

Different chaotic trajectories which are influenced by the same
attractor spend the same fraction of time in the same part of the state
space provided that the time spans of these trajectories are sufficiently
long. This means that these trajectories have the 'same' relative
frequency distribution. (Note: mathematicians prefer to use the
concepts 'probability distribution' or 'probability measure' in their
rigorous discussion on the topic.) Because of the existence of this
'invariant' relative frequency distribution a number of invariant
'statistical properties' (or say, 'time averages') of these trajectories (and
the time series of the output variables which are as functions of the
state variables) can also be found. Straightforward examples of these
invariant statistical properties are the 'statistics' which measure

respectively the central location, the dispersion and the skewness of
the frequency distribution of the time series of the state variables (and
those output variables). Other examples are the Lyapunov exponents
(its definition is given in Section 5.9), entropy and information
dimension.

The invariant relative frequency distribution (or say, probability
distribution/measure) and statistical properties are often considered to
be associated with the strange attractor concerned. Thompson and
Stewart (1986, p. 8) remarked that a chaotic trajectory "has well defined
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statistical properties; but these [statistical properties] should be
understood with reference to the structure of the chaotic [or strange]
attractor."

For a comprehensive discussion on 'statistical theory of dynamical
systems', see Ruelle (1989).

6. When a chaotic system is subjected to small (possibly random)
perturbations of its states, any of the 'perturbed' chaotic trajectories is
asymptotically concentrated on the strange attractor, and the values of
the invariant statistical properties of it are practically the same as those
of the case when the system is not under perturbations. (Ruelle, 1989,
p. 26)

Characteristics (3) to (6) above are generally regarded as the dynamic
features of chaotic trajectories under the influence of a strange attractor.

5.8.2 Research on Chaos Theory and Its Application

According to Abraham and Shaw (1983, pp. 2-3) and Andersen (1988), the
beginning of the studies on chaotic behaviour and strange attractor can be
traced back to the late nineteenth century, however for a long time the
studies were conducted by a small number of mathematicians and
scientists and their published work had remained unnoticed, for example
Poincare (1880), Duffing (1918), Birkhoff (1927), Van der Pol (1927), Smale
(1963), Lorenz (1963), Ruelle and Takens (1971), and Li and Yorke (1975). It
was in the late 1970s, the research on chaos theory and its application in
both the theoretical and empirical aspects started to gain momentum in
many disciplines simultaneously, over the years there has been a
dramatic growth in the literature available on the subject (Nicolis and
Prigogine, 1989, p. 124). From a historical perspective, the most influential
work in this category is undoubtedly done by Feigenbaum, himself a
physicist, who posited general laws which govern chaos and had his work
first published in the article "Universality in Complex Discrete Dynamical
System" in 1977. Feigenbaum's work prompted an upsurge of research
interest amongst researchers in various disciplines, workers in pure
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mathematics, extensive computer simulations, theoretical and
experimental physics and chemistry and biology, engineering, economics,
finance, management, and among others have since contributed to an

explosion of new ideas to the subject.

In the natural sciences, the existence of chaotic systems was widely
recognized both theoretically and empirically in almost every field by the
early 1980s. (Mosekilde et al., 1988)

In the social sciences however, the progress of the application of chaos
theory has been much slower. This situation is particularly acute in the
empirical investigations because

... we are faced with difficulties in that search which do not plague the natural
scientist, at least not to the same degree. Social systems are not easily isolated
from the environment. The large temporal and spatial scales of most of these
systems, the vast number of individual actors, considerations of cost, and ethical
concerns often make controlled experiments virtually impossible. (Mosekilde et
al., 1990)

Hitherto in the social sciences the published studies of the application of
chaos theory are mostly related to macroeconomics (Rasmussen et al.,
1985; Szymkat et al., 1986; Chen, 1987; Frank et al., 1988; Goodwin, 1990)
and financial and commodities markets (Griffith and Southworth, 1990;
Savit, 1990; Blank, 1991; Brock et al., 1991; Hsieh, 1991; Willey, 1992),
where there is always an urge to have a better explanation of the
apparently random fluctuations occurring in the economy and financial
and commodities markets. In contrast, the studies of managerial and
organizational systems with a chaos theory perspective are relatively few
in the literature but there are informative ones (Rasmussen and
Mosekilde, 1988; Mosekilde and Larsen, 1988; Sterman, 1988; Andersen
and Sturis, 1988; Priesmeyer and Baik, 1989; Robb, 1989; Mosekilde et al.,
1990).

The proponents (and opponents) of the application of chaos theory to
systems with human elements belong mainly to either economics or

system dynamics, that discipline which studies the behaviour of the
socio-economic and biological systems by creating and analysing
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nonlinear continuous-time state-space models with an emphasis of the
function of feedback loops. A brief description of the system dynamicists'
activities and viewpoint on the application of chaos theory is appropriate
here, because they show an interest in studying chaotic managerial
systems, that class of systems this research is concerned with.

In system dynamics most of the pioneering work on the analysis of
chaotic systems was carried out in three European research centres led by
Erik Mosekilde, Javier Aracil, and Peter Allen respectively.

Traditionally system dynamics practitioners (i) lay stress on the
importance of studying the transient response of a dynamical system
which has been given a change in its inputs or parameter value, and (ii)
hold the view that long term viable social or economic systems tend to
organize themselves towards 'stable equilibrium', that steady state
behaviour associated with a stable fixed point. Thus there is a clear
tendency for most system dynamics practitioners to treat the stability
problem as a matter of determining whether or not the system after a

damped oscillatory transient can attain such 'stable equilibrium' when a

change of its inputs or parameter value is introduced. If the answer is
negative, then usually the next step for them is not to investigate the
'unacceptable' behaviour but to 'tune' the system by changing the
parameter value with the goal of obtaining a 'stable equilibrium'.

Working against this tradition by arguing that "the assumption of stable
equilibria is unnecessarily restrictive and probably often inappropriate for
living, social and biological systems" (Rasmussen and Mosekilde, 1988),
Mosekilde, Aracil and Allen detected the existence of self-sustained

periodic and chaotic behaviour in models that have been used in system
dynamics teaching and research for a long time. Their work had signalled
to "the field as a whole that an important new class of techniques and
approaches was emerging for the study of nonlinear dynamics systems."
(Andersen, 1988).
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On one hand these researchers plausibly argued that the emergence of
chaotic behaviour could be more common in the 'living' systems than in
the 'inanimate' systems.

In fact, we believe that deterministic chaos will prove to be more common in
living systems than in the inanimate world, both because of the complexity of
social and biological systems and because of their inherently unstable nature.
(Mosekilde et al., 1988)

On the other hand, there is concern over the practical significance of the
appearance of chaotic behaviour in the system dynamics models which
are proposed to solve the real world social or economic problems. The
following are several cautious remarks made by the systems dynamicists
(Andersen, 1988; Sterman, 1988; Mosekilde et al., 1990).

1. The chaotic behaviour of a model is a steady state phenomenon that
manifests after a very long time horizon. However over such
extended time horizon the parameter value of the model cannot be
considered as static because there are changes in the structure of the
real world system due to learning or evolutionary pressures.

2. If a model is policy-orientated, the problem owner and the analyst are
often interested in the effect of the assumed policy on its behaviour
over a time horizon which reflects their more immediate concerns.

This time horizon is usually much shorter than those encountered in
the analysis of chaotic dynamics.

3. The parameter values which make a model chaotic may be empirically
inaccessible.

4. A chaotic model may be the result of a misspecification of the real
world system. For example the misspecification can be an
underestimation of the damping and stabilization mechanisms. Thus,
even if the parameter values are empirically plausible the chaotic
behaviour of the model has no real world correspondence.
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Remarks (1) and (2) point to the issue of 'transient time', that time
horizon over which a trajectory moves from its initial state into its
attractor. One important question about transient time is: how does the
transient time depend on the spatial separation between the initial state
(here it is viewed as a point in the state space) and the attractor in
general? Unfortunately as far as nonlinear dynamical systems are
concerned the knowledge of this relationship is still poor in the
dynamical systems theory for all types of attractors. If the initial state is on
an attractor, obviously the transient time is zero. If the initial state is
'close' to an attractor, intuitively the transient time may be speculated to
be short. But if the initial state is not 'close' to the attractor, it is very
difficult to tell whether the transient time is short or long without doing
any computer simulations or real world experiments. Though a long
transient time has been claimed by the system dynamicists to be a 'norm'
for a trajectory influenced by a strange attractor based on their experience
of experimenting with certain models by using specific sets of initial
states, it is possible that a sizeable number of situations with the initial
states which are not 'close' to the attractors escaped their experience. In
addition, it is observed that perturbations may occur to any system, thus it
is possible that a system which has an initial state not 'close' to the
attractor may be perturbed into a state which is 'close' to or on the
attractor in the early part of the time horizon that interested the problem
owner and the analyst. A study of the chaotic behaviour of the models of
systems with human elements may serve real-time problem solving
purpose because the systems (i) may already be chaotic, note that such
instability does not necessarily mean that collapse of the systems but may
open way to apparent randomness, or (ii) may soon be chaotic.

Remarks (3) and (4) remind the application orientated researchers of the
need of using empirical evidence to justify (or verify) models exhibiting
chaos.

To close the discussion in this sub-section, it is important to notice that
the research work in all disciplines has generally concentrated on

identifying and analysing chaotic systems of low dimension (the fact is
that cases with state space dimension greater than five are very rare) and
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low static complexity. It is probably because (i) systems of high dimension
and high static complexity require extremely large amount of information
to identify their underlying structures and (ii) some mathematical results
obtained from systems of 1- or 2-dimension can be 'lifted' to systems of
higher dimension in specific situations (Feigenbaum, 1983; Hao, 1984,
p. 33), that researchers are prompted to believe that systems of higher
dimensions should be tackled later. Thus, nearly all of the research results
on the application of chaos theory are derived from the considerations of
systems of low-dimension and low static complexity system, and,
currently it is uncertain whether or not medium- to large-scale dynamical
systems, that are associated with a majority of real-life problems, exhibit
chaotic behaviour. This gap in the knowledge is felt by Mosekilde et al.
(1988) as follows.

It is not known, for instance, whether larger and more complex systems tend to
be more chaotic than systems with only a few degrees of freedom, or vice versa.

5.8.3 The Application of Chaos Theory to Systems Issues

There are at least two systems issues to which the application of chaos
theory has led to interesting insights, they are discussed as follows.

1. The feasibility of making accurate causal prediction:

The feasibility of making infinitely accurate causal prediction about
the future states of a 'real world' chaotic system is implied by
characteristic (1) in Sub-section 5.8.1 in the mathematical sense, which
tacitly assumes

a. the state-space model description for the 'real world' system is
completely adequate.

b. the measurement of the initial state of the 'real world' system has
infinite precision. (Ford, 1983)
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c. any trajectory of the state-space model of the 'real world' system is
calculated by a process which gives infinite computational
precision. (Ford, 1983)

But in the empirical sense, there is always a region of uncertainty
(however small) associated with the measurement of the initial state
of the 'real world' system due to various sources of errors. Thus
putting characteristics (3) and (4) together in Sub-section 5.8.1 implies
that the inaccuracy of the prediction about the state of the 'real world'
system at a particular future time grows at an exponential rate with
respect to the position of that future time even if the assumptions (a)
and (c) above are fully satisfied. That means that all 'long-term'
predictions are totally unreliable. Nonetheless predictability is not
destroyed completely, there still exists a short time span which allows
satisfactory predictions, see Chen (1988).

2. The underlying process which generates an apparently random time
series of a variable:

For many years an apparently random time series of a variable has
been taken to be 'statistical', i.e., it has been held impossible to tell
what value of the variable will appear next in succession, but it has
been held possible to estimate the likelihood that the variable will
attain some specified range of values. This statistical approach requires
the problem owners and the analysts to give up the quest for a precise
causal prediction of the future behaviour of the variable, so that the
goal of a description of the underlying process which generates the
time series of the variable is to determine what the probabilities are,
and from this information to determine various properties of interest.

However, putting characteristics (1) and (5) in Sub-section 5.8.1
together reveals that a completely deterministic process in a chaotic
system, which is governed by perfectly definite causal rules, can
generate an apparently random time series of a variable to which a
statistical description also applies. Consequently, it suggests that the
invariant statistical properties of the apparently random time series of
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the variable could be determined by the parameter values of the
underlying chaotic system.

Chaos research also showed that some chaotic systems governed by
simple causal rules generate behaviours which have resemblances to
their empirical counterparts. Various examples can be found in Hao
(1984, pp. 66-75) and Thompson and Stewart (1986, pp. 332-349).

Feigenbaum (1983) notes:

One now may ask whether the various complex processes of nature
themselves might not be merely pseudorandom, with the full import of
randomness, which is untestable, a historic but misleading concept. Indeed
our purpose here is to explore this possibility. What will prove altogether
remarkable is that some very simple schemes to produce erratic numbers
behave identically to some of the erratic aspects of natural phenomena.

In conclusion, the above observations provide the impetus to
exploring the possibility of 'regaining' explanation about and direct
control over the apparently random time series of a variable and its
underlying processes with a chaos theory perspective.

5.8.4 Routes to Chaos

In general a dynamical system which originally did not show chaotic
behaviour may show such behaviour if either of the two following
incidents has taken place. The first occurs if the state of the system is
perturbed into a strange attractor (if there is any) or its attraction basin.
The second occurs if the parameter value of the system is perturbed.
Hitherto certain particular 'routes to chaos' (or 'transitions to chaos'), i.e.,
the patterns/directions that such perturbations of parameter value should
follow, have been identified based on the regularities revealed by
"combining some general considerations with the experience acquired
from extensive numerical computation ..." (Nicolis and Prigogine, 1989,
p. 129) However, there has yet no universal, normal form to generalize
all the 'routes to chaos'.
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A route to chaos through a series of period-doubling bifurcations is
explained in the following sub-section because it will be met in Chapter 6.
For some other possible routes to chaos, see Hao (1984). They are not
discussed here because they are not pertinent to this thesis.

5.8.4.1 Period-Doubling Bifurcation Sequence to Chaos

A well-studied route to chaos is through a series of period-doubling
bifurcations (May, 1976, Feigenbaum, 1983). Consider a one-dimensional
discrete-time dynamical system represented by a logistic equation:

x(k+l) = 4 * p * x(k) * (1 - x(k)), 0 < x(k) < 1,
where p is a parameter. (5.4)

A stable fixed point, whose value is given by 1 -1/(4 * p), of the system
exists for 0.25 < p < 0.75. When p passes through 0.75, which is a
bifurcation value, the stable fixed point (or period-1 closed orbit) becomes
unstable and brings about a stable period-2 closed orbit. It is noticed that
the fixed point still exists after the period-2 closed orbit is created, though
it has become unstable. As p is increased further, the period-2 closed orbit
becomes unstable and brings about a stable period-4 closed orbit. As p is
increased even further, this period-4 closed orbit becomes unstable and
brings about a stable period-8 closed orbit and so on. This series of period-
doubling bifurcations cascade infinitely aiad accumulate at a bifurcation
value p* (= 0.8925) after which the system becomes chaotic.

It was discovered by Feigenbaum that the ratio of the width of the-value-
range-of-p associated with the stable period-2n closed orbits to the width of
the-value-range-of-p associated with the stable period-2n+1 closed orbits
converges to the constant value 4.6692016... as n (a non-negative integer)
becomes large. Typically this ratio will agree with this constant value to
several significant figures after just the first few period doublings.

This period-doubling bifurcation phenomenon has been found in some
other dynamical systems, which are discrete-time or continuous-time, or
of higher dimensions. Though the role of period-doubling cascades as a
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route to chaos has been widely recognized, a single period-doubling
bifurcation does not always lead to an infinite cascade. (Thompson and
Stewart, 1986, p. 261)

5.9 The Set of Lyapunov Exponents of a Limit Set

The largest Lyapunov exponent (to be explained below) of a strange
attractor must be positive, this "accounts for the presence of sensitive
dependence on initial conditions" (Parker and Chua, 1989, p. 82). Thus, a

rigorous and popular method for diagnosing the presence of sensitive
dependence of initial conditions, and hence strange attractor and chaos, in
a dynamical system is to determine the sign of the largest Lyapunov
exponent. In Sub-section 5.9.1 below Wolf et al.'s algorithm (1985) for
estimating the largest Lyapunov exponent is described.

The set of Lyapunov exponents of a limit set is "an explicitly dynamic
concept" (Frank et al., 1988), i.e., different authors may have their
favourite formulation, for example see Ruelle (1989); Parker and Chua
(1989); and Invernizzi and Medio (1990). In this thesis it is defined
(Shimada and Nagashima, 1979; Benettin et al., 1980; Wolf et al., 1985) as
follows.

Given a limit set in an n-dimensional state space. At time k() consider an
infinitesimal 'sphere' of initial conditions with radius E(k0), which is near
or forms part of the limit set. The sphere may distort into an ellipsoid as
the trajectories originated from the initial conditions evolve. Let the
length of the ith principal axis of this ellipsoid at time k be E;(k). The ith
one-dimensional Lyapunov exponent of the limit set is given by

i -r -1-. ML
- lim

k _ k() l0g2 E(1g

The limit set can have up to n distinct Lyapunov exponents, which are

always ordered from largest to smallest. The unit of the Lyapunov
exponents is often given as bits (binary digits) per iteration (or
observation).
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X[ is regarded as ari invariant statistical property of the trajectories which
are influenced by the limit set, that expresses the average rate of
convergence (if A,, < 0) or divergence (if Xj > 0) for two nearby trajectories
with initial states near or on the limit set. Because of this, the signs of the
Vs assist in the determination of the stability type of the limit set, see
Parker and Chua (1989, pp. 66-71).

In addition, the Lyapunov dimension dL, one of the fractal dimensions
mentioned in Sub-section 5.3.6, is defined directly by the Lyapunov
exponents (Kaplan and Yorke, 1979) as follows.

Let j be the largest integer such that Xi + ... + Xj > 0. Then

X] + ... + Xj

If no such j exists, dL is defined to be 0.

5.9.1 The Wolf et al.'s Algorithm for Estimating the Largest Lyapunov
Exponent

It is observed that the Lyapunov exponents are theoretical quantities, in
practice their numerical values have to be estimated by some methods.
The estimation of the largest Lyapunov exponent can be carried out by the
Wolf et al.'s algorithm (1985), where the limiting procedure is
approximated by an averaging process over an 'evolution time' (to be
explained below). Since the algorithm has been used by authors like
Chen (1988) and Blank (1991) to diagnose the presence of strange attractor
(or chaos for that matter), it is employed in Chapter 6 when such
diagnosis is required. A brief description of the algorithm is given as
follows.

To calculate the largest Lyapunov exponent from a time series of a scalar
variable X(k), k = 1, 2, ..., T, the algorithm first 'reconstructs' the
underlying attractor by using the technique discussed in Section 5.4.1,
where a point on the 'reconstructed attractor' is given by
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{X(k), X(k+x), ..., X(k+(M-l)x)}, where x is some chosen delay time. The
algorithm generates a so-called 'fiducial' (or reference) trajectory by
'connecting' the points in the 'reconstructed' attractor in the order of
(X(l), X(l+x), X(l+(M-l)x)}, (X(2), X(2+x), ..., X(2+(M-l)x)}/
(X(3), X(3+x), ..., X(3+(M-l)x)}, ..., {X(T-(M-l)x), X(T-(M-l)x+x)/ ..., X(T)}, and
then estimates the rate at which this and a nearby test trajectory diverge.

Source: Adapted from Wolf et al., (1985), Determining Lyapunov Exponents from a Time Series, Physica,
16D, North-Holland: Amsterdam, pp. 285-317.

Figure 5.1 A Schematic Illustration of the Evolution and Replacement
Procedures Used in the Wolf et al.'s Algorithm (1985)

Referring to Figure 5.1, k = 1 is replaced by k = k0 for the purpose of
notation clarity, and L(k0) denotes the length between the initial point
(X(ko), X(ko+x), ..., X(ko+(M-l)x)} on the fiducial trajectory and its nearest
neighbouring point on the reconstructed attractor. At a later time ki (note:
it is not necessarily k = 2), the initial length will have evolved to L'(ki),
which is supposed to be replaced. A new point on the reconstructed
attractor is chosen near the fiducial trajectory so that it results in a new

length L(k}) whose value falls within the range defined by 'the minimum
and maximum scales for replacement purpose'. If such replacement point
cannot be found, the original point is retained. The entire fiducial
trajectory is stepped through in this way and the rates of stretchings and
contractions are averaged. Mathematically, 'the estimate of the largest
Lyapunov exponent', A,1 is calculated by the following formula.
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x. _j^y, aw-kN-k0^o&L(kH)
i=i

where N is the total number of replacement steps and kj - is called the
evolution time, EVOLV.

In practice, the time series X(k) and the numerical values of the following
list of parameters are input into a computer, where the program of the
algorithm is run.

1. The number of data points in the time series, T.

2. The time between the data points in the time series, At.

3. The delay time, x.

4. The minimum acceptable scale for replacement purpose, SCALMN.

5. the maximum acceptable scale for replacement purpose, SCALMX.

6. The embedding dimension, M.

7. The evolution time, EVOLV.

Due to the flexibility in selecting numerical values for the parameters,
estimating the largest Lyapunov exponent by the Wolf et al.'s algorithm
requires experimentation on the part of the analyst. Usually the goal of
the experimentation is to find a region in the parameter space over which
the estimates of the largest Lyapunov exponent are approximately the
same value.

In addition, it is suggested by Wolf et al. (1985) that for up to about a
10-dimensional system, a reasonable estimation of the largest Lyapunov
exponent requires the number of data points in the time series, T, being
greater than 10^L, where dL is the Lyapunov dimension.
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5.10 The Issues Related to Computational Errors That Occur in
Calculating a Trajectory of a State-Space Model

Presently a complete analytical understanding of nonlinear dynamical
systems is restricted to a very small number of special cases. A popular
approach to broaden the knowledge of these systems is to make recourse
to computer aided analysis, which includes, among other computations,
calculating the trajectories of a state-space model, plotting the phase
portrait, determining the values of the Lyapunov exponents and finding
the fractal dimensions.

In a theoretical study of a nonlinear dynamical system, the most
important task for a computer is to calculate the trajectories of its state-
space model. A real world process of calculating the trajectories is
performed by (i) wiring the circuits of an analog computer in some way or

(ii) a particular computation (or integration) algorithm running in a

digital computer. The pitfall of a real world calculation process is that it
introduces computational errors to the calculated trajectories.

If the real world calculation process is implemented on an analog
computer, the computational error comes from the electrical noise occurs
in the circuits.

If the real world calculation process is implemented on a digital
computer, there are two types of 'local computational error', that error
occurs per computation algorithm step. (Parker and Chua, 1989, pp. 92-93):

1. Round-off error, that results inevitably from performing real
arithmetic, for example the finite precision arithmetic linked to the
floating-point number system, on the digital computer.

2. Truncation error, that would result if the computation algorithm
could be implemented on an infinite-precision computer. In other
words, it is the error that occurs assuming there is no round-off error.
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Besides local computational errors, there is 'global computational error',
that compounded error caused by repeated application of the computation
algorithm.

In this research, the calculation of the trajectories of the discrete-time
state-space models of the business systems of interest is performed by
running the (forward) Euler's integration algorithm (Grossman and
Derrick, 1988, p. 814-815; Parker and Chua, 1989, p. 84) in a digital
computer. The integration step-size is set to one in order to reflect the
discrete-time nature of the models, this also means that every integration
step here represents a single iteration of the models. The following
discussion is made against this background.

In dynamical systems theory, it is tacitly assumed that any trajectory of a
state-space model could be obtained by a (hypothetical) calculation process
which is free of local and global computational errors. Such a trajectory is
referred to as a 'computational-error-free trajectory' in order to
distinguish it from a 'computational-error-prone trajectory', that obtained
from a real world calculation process.

The inevitability of the local and global computational errors means that
the computational-error-prone trajectory starting from a given state can
never be identical to the computational-error-free trajectory starting from
the same state. The important question here is: Does the computational-
error-prone trajectory bear any resemblance to the computational-error-
free trajectory?

If the attractor concerned is non-chaotic, then the global computational
error propagates slowly and hence the computational-error-prone
trajectory, for all practical purposes, can be said to bear close resemblance
to the computational-error-free trajectory. However, if the attractor
concerned is chaotic, then no matter how small the local computational
errors are, after a small number, typically about several tens, of iterations,
the global computation error has become so large that the computational-
error-prone and computational-error-free trajectories are totally
uncorrelated with each other. This is because the local computational
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errors are magnified exponentially in each iteration due to the presence of
sensitive dependence on initial conditions. (Devaney, 1989, p. 49; Ruelle,
1989, p. 26)

It may be asked: why are a large number of iterations, with its minimum
order of magnitude may be quoted as thousand, still employed to obtain
the computational-error-prone trajectories in a typical theoretical study of
chaos such as this research? One good reason is that the local
computational errors are thought to be the perturbations of the states
which are so small that the computational-error-prone trajectory has that
characteristic (6) presented in Sub-section 5.8.1. That means that it is
regarded as a continually slightly perturbed chaotic trajectory. Thus, the
strange attractor that influences the computational-error-free trajectory
and the values of the invariant statistical properties of the computational-
error-free trajectory can be closely estimated from the computational-
error-prone trajectory. Such derived results are usually needed in the
subsequent analysis of the chaotic model.

Since the computational-error-prone chaotic trajectory bears no global (or
long time span) resemblance to the computational-error-free chaotic
trajectory starting from the same state, another question may be asked:
does the apparent randomness displayed by the computational-error-
prone trajectory provide evidence to support that hypothetical
characteristic (5) presented in Sub-section 5.8.1, that the computational-
error-free trajectory is apparently random. The answer is yes. This is
because theoretically any particular point of time can be chosen to serve as
the initial time, and the computational-error-free and computational-
error-prone trajectories starting from that particular point of time are still
sufficiently close, while diverging at exponential rate, to each other in a
short time span, for example roughly several tens of iterations. The above
argument implies that in every local (or short) time span picked up

arbitrarily the computational-error-prone trajectory resembles the
computational-error-free trajectory. Thus, the fact that the computational-
error-prone trajectory is apparently random in each local time span

suggests that the computational-error-free trajectory should also be
apparently random in the same time span. This also helps to justify the
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claim that the apparently random appearance of a computational-error-
prone trajectory is in very large part due to the influence of the strange
attractor and is in very small part due to the effect of the computational
errors.

Any state of the computational-error-prone trajectory can be regarded as
determinate because if the same initial state, the same computer and the
same program are used in different computer runs, identical results are
obtained. This is because the computational-error-prone trajectories in
different computer runs are subjected to the same sequence of local
computational errors, though these cannot be known precisely by the
analyst.

To study the answers to the research questions in this thesis, it is required
to simulate a scenario of real world behaviour that the business systems
of interest may exhibit. In other words, a computational-error-prone
trajectory itself, i.e., the numbers coming out from the computer, may be
interpreted as reflecting some sort of real world behaviour. Because of
this, the local computational errors are interpreted as extremely small real
world perturbations (hence unobservable and defying description by the
analyst) which impinge continually on the idealized business systems of
interest. This practical viewpoint is argued below.

The state-space model of a real world dynamical system describes an ideal
form of existence of the system because the art of modelling prompts the
modeller to take into account only the dominant factors and leave out the
minute influences, especially those with operations difficult to
predetermine and those whose information difficult to collect. In the
literature, these influences are referred to as noise or small perturbations
(to the idealized system). A practical study of a real world dynamical
system, however, should seek to include the effects of these minute
influences if the situation permits. For conceptual convenience it can be
imagined that the idealized system exists in the real world, and that any
other non-ideal, in fact more realistic, form of existence of the real world

dynamical system can be regarded as the result of this idealized system
being subjected to small perturbations of its states. It follows that a
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computational-error-prone trajectory of the state-space model subjected to
continual local computational errors may give a more realistic picture of
the behaviour of the real world system. This is because these errors have
added back probably part of the effects due to the small real world
perturbations that are supposed to impinge perpetually on the idealized
system.

Given an initial state, it is suggested that there are infinite number of
possible sequences of perturbation of the state that may occur to the
idealized system, and hence infinite possible scenarios of the time
evolution of the real world system. Any computational-error-prone
trajectory is uniquely determined as discussed above and hence it
corresponds to just one possible scenario of the time evolution of the real
world system. For a non-chaotic case, the computational-error-prone
trajectories subjected to different sequences of small perturbation of the
state closely resemble each other. Thus, one single computational-error-
prone trajectory can be used to predict the future time evolution of the
real world system. For a chaotic case, the computational-error-prone
trajectories subjected to different sequences of small perturbation of the
state bear no resemblance to each other after a small number of iterations.

Thus, whatever number of computational-error-prone trajectories are
obtained, they provide no information for the making of inferences about
future of the long-term time evolution of the real world system.

5.11 The Reliability of Induction Made from Observations of a
Nonlinear Dynamical System

When a nonlinear dynamical system is studied it is generally difficult to
establish reliable rules that relate the system characteristics observed for a

parameter value p() to their counterparts associated with the nearby
values of p . This is because as functions of the parameters the system
characteristics are pervaded by discontinuity. It is one of the exceptional
cases that the route to chaos through a series of period-doubling
bifurcations, if exists for a nonlinear dynamical system, can be used to
relate, with good confidence, the modes of steady state behaviour
associated with the parameter values on this route.
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On the whole, the use of the observed system characteristics associated
with any finite number of 'studied' parameter values to infer the system
characteristics associated with a 'not-yet-studied' parameter value does
not provide a rigorous induction reasoning method for nonlinear
dynamical system analysis. Thus when such induction is made it should
be proposed and applied with a degree of sensitivity and care.
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Chapter 6

Cost Behaviour in a Standard Costing System Setting

In order to answer Research Questions 1 and 2 stated in Section 1.2 I chose
to study simulated behaviour of a cost item in a standard costing system
setting. The system for controlling the cost item is identified as a feedback
control system, in which interaction between the behaviour of the
controlled cost item and the manager who is held directly responsible is
explicitly recognized. This is called 'the cost control system of interest'
henceforth.

This chapter argues for my choice of study, reviews the literature on cost
behaviour in a standard costing setting, presents an overview of the scene
of a cost item controlled in a standard costing setting, gives a description
of the system model, discusses the issues of computer program
implementation and model validity, and, finally, reports on the
simulation experiments and analyses the results.

6.1 Reasons for Studying Cost Behaviour in a Standard Costing
System Setting

The reasons for studying cost behaviour in a standard costing system
setting are three-fold.

1. It is observed that the time series of the actual cost of a cost item in a

standard costing system setting rarely attains the value of the standard
and appears to be at least partially random. For example some
academics have noted as follows.

An accounting standard-cost system will typically produce many variances
during a period since actual and standard costs will rarely be equal. Managers
that use these variances as a basis for controlling costs recognize, however,
that many of the variances are caused by random, noncontrollable factors ...

(Jacobs and Lorek, 1980)

The important point to note is that one summary reading has been chosen to
represent the standard when in reality a range of outcomes is possible when
the process is under control. Any observation which differs from the chosen
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standard when the process is under control can be described as a random
uncontrollable variation around the standard. (Drury, 1988, p. 572)

Thus, it is a plausible suggestion that a cost item in a standard costing
system setting may be one such business variable that should be
targeted at in a case study with the aim of providing answers to the
research questions. Moreover, to my best knowledge no chaos
protagonists have reported studies of this business variable in the
literature.

2. Cost estimation is an important problem area in management
accounting, and it is hoped that this piece of work can lead to a better
understanding of estimating cost from a dynamic and control
perspective. As Drury (1988, p. 619) points out,

... costs may behave differently when they are tightly controlled compared
with a situation where control is relaxed or removed. ... The importance of
accurately estimating costs and the complexity of cost behaviour means that
accountants must use increasingly sophisticated techniques.

3. The problem of designing cost variance investigation models is
studied extensively amongst accounting academics, see for example
Kaplan (1975), Magee (1976), and Greenberg (1986). Nearly all of these
studies assume the underlying cost-generating process to be stochastic,
and commonly model it by a Markov process assuming that the
probability distributions for successive 'in-controT cost observations
are independent of each other. However, decision policies derived
from these cost variance investigation models are rarely implemented
by management (Kaplan, 1975). One possible explanation is that some
of the assumptions are not valid for the real world cost-generating
process. Indeed, empirical evidence reported by Jacobs and Lorek (1980)
shows that there is serial, but short-term, dependence amongst
successive cost observations. Thus, whilst not ruling out the
possibility of using more complicated stochastic formulations such as
an autoregressive integrated moving average process, my attempt here
may contribute to demonstrating that deterministic modelling can
also provide a plausible alternative approach to represent a serially
correlated cost-generating process.
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6.2 Literature Review of the Work on Cost Behaviour in a Standard

Costing Setting

Much of the work carried out under the general banner of cost behaviour
in a standard costing setting has employed regression analysis to
investigate how the estimated values of the target cost item relate to the
different levels of the values of the various presumed factor (or cost
driver or activity) variables. These cost behaviour models are essentially
'static', and are generally called cost estimation models. Discussion on
such models can be found easily elsewhere in the accounting literature,
see for example Kaplan (1982), and Drury (1988).

The literature about the studies of the temporal behaviour of a cost item
in a standard costing setting is very sparse and the emphasis has been on
statistical time series analysis, see for example Jacobs and Lorek (1980).
Generally when such temporal behaviour is needed for theoretical
arguments it is stated a priori by the accounting academics to possess
stochastic randomness, see for example Magee (1976), and Greenberg
(1986).

Stedry (1960) has provided the pioneering, and unfortunately the only,
work found in the accounting literature which proposes a dynamical
system model to investigate the temporal behaviour of a cost item in a
standard cost setting. In his model Stedry attempted to quantify ideas
found in behavioural science and modelled a 'budget control system' (in
his own term) which is similar to the cost control system of interest
described in Section 6.3. Thus it is worthwhile to examine his work in

order to discover likenesses and differences between his model and mine.

On one hand, both Stedry's model and my model (to be explained in
detail in Section 6.4) recognize the importance of the role of feedback in
control and propose that task related stress influences the managerial
performance. On the other hand, there are important differences in (i) the
purposes they serve, (ii) their technical assumptions and (iii) their
mathematical structures, which are described as follows.
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1. Stedry's model focuses primarily on establishing control policy for the
senior management who seeks for optimal and stable equilibrium (or
constant) performance for the controlled cost item. The basic aim of
my model is to demonstrate that a seemingly rational control policy
may lead to chaotic behaviour for the controlled cost item.

2. Stedry's model emphasizes the possible difference between the
external goal (the standard) and the aspired goal of the manager. For
the sake of modelling simplicity, and making the judgement that such
simplification does not jeopardize the quality of a model needed for
answering the research questions, my model encompasses only those
situations where there is no difference between these two goals. In my
model the goal congruence of the firm and the manager ensures that
the manager is noiselessly integrated into the information and control
system.

3. As to the issue of identifying what kind of control device exercised by
the senior management can ultimately influence the performance of
the controlled cost item, Stedry's model considers it to be the rate of
change of the size of the standard, while my model regards it as the
size of the standard. Stedry's viewpoint is thought to be probably
unrealistic because in real standard costing systems no standards are
found to be shifting all the time. In contrast strategic standards are

generally long lived and, in stable economic conditions, are changed
infrequently.

4. Stedry's model assumes that the relationships between the variables
are linear, because Stedry looked for analytical solutions to his model.
But in my model nonlinearities are represented, because I have
sacrificed analytical solutions to better reflect reality. Thus my model
constitutes an advance on his by including the representations of
nonlinear phenomena.

5. Stedry's model does not represent managerial performance explicitly
as a link between the system components, whereas my model does.
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6. Stedry's model assumes that the manager directly responsible for the
cost item has perfect information of the effect of what he intends to do.
My model by comparison assumes that the manager does not have
such perfect foresight.

7. Stedry's model is a continuous-time linear state-space model, my
model is a discrete-time nonlinear state-space model. The arguments
favouring my discrete-time modelling approach are to be found above
at Sub-section 4.3.3.

6.3 An Overview of the Scene of a Cost Item Controlled in a Standard

Costing Setting

The scenario which follows is intended to place the cost control system of
interest in its (idealized) organizational setting. It consists of a set of
assumptions which may possibly be valid in the real world.

The senior management of a firm presents a manager with a standard for
a cost item. The manager may have been consulted in the standard setting
process. Organizationally speaking, the standard is imposed on the
manager as a formal goal for him to achieve. At the beginning of each
accounting period both the senior management and the manager receive
information about the actual cost and the variance of the cost item over

the previous period.

There is a system of rewards and penalties for managers which is
associated with the actual cost variance when appraising the performance
of the manager. On one hand if cost variance is favourable, then the
managerial performance is rated as meritorious, and the manager is
rewarded accordingly. However, the manager himself may fear that if
actual cost is too far below standard then the existing standard may be
replaced by a tighter one.

On the other hand if the cost variance is substantially unfavourable, then
the manager receives criticism in explicit form when this fact is called to
the senior management's attention. Warnings, promotion passover, and

77



dismissal are possibilities. Thus under both favourable and unfavourable
circumstances the manager regards the standard (an external goal) as his
personal objective (an aspired goal). Consequently the manager aims at
getting an as small as possible favourable or unfavourable cost variance
for each accounting period when he takes management action.

It should be here emphasized that it is not necessary that giving rewards
and punishment actually be done for effective control, only that the
subordinate thinks it is being done by his superior. Thus although the
incentive system is not formulated explicitly in the model given in
Section 6.4, it is assumed that it has an impact on the manager and helps
to provide the motivation mechanism that makes the control system
viable. That is, through which the compliance of actual results with the
cost standard become a 'possibility'.

The manager controls the performance of the cost item by exercising his
influence over a related manufacturing process. Because his own

performance appraisal is based on an accounting period over which a cost
figure is reported, the manager directs his control decisions and
operations to serve the purpose of generating 'good' results for every
accounting period. In other words, the accounting period and 'the control
period' coincide with each other.

In managing the cost item, the manager deals with problem situations of
such complexity and uncertainty that the activities he carries out are only
nominally programmable. In fact he has a good, though incomplete,
knowledge of the means-ends relations of the manufacturing process. As
Magee (1986, p. 16) suggests, "managers are seldom able to choose a course
of action and know exactly the ultimate outcome of the action."
Therefore, during each control period the manager is uncertain about the
effect of his effort on the cost item for that period.

At the beginning of each control period, the manager perceives a scenario
for that period about the likely cost figure, and thus the anticipated
variance, by processing actual cost data systematically and by making a

judgement. The aim of the manager in doing this is to make sense of the
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situation he is facing in an aggregated and general way. Moreover, this
predicted scenario does not signify to him the ultimate verdict on the
outcome of the situation, rather it serves as a challenge for him to beat
especially if it signals an unfavourable, or say threatening, situation. This
assumption is supported by the observation made by Makridakis and
Wheelwright (1989, p. 34), that people have the "ability to influence
future events by their actions (that is, the forecasts themselves can
become self-fulfilling or self-defeating prophecies that change established
patterns and relationships)."

6.4 Model Formulation

The feedback control concept and a 'stress' approach to interpreting an
individual's behaviour in organizational settings are assumed to be
applicable to modelling the dynamics of the cost control system of
interest. In the following, the essentials of the model are described, and,
for the sake of simplicity the phrase 'cost of the cost item' is substituted by
the word 'cost' in the discussion.

6.4.1 Control System Identification

It is proposed that the topology of the cost control system of interest is
principally analogous to that of single-loop feedback control system
model shown in Figure 4.1. Moreover, the possibility that the
performance of the manager may also be influenced by information or
means other than actual cost information is also taken into account.

Generally speaking, the model explicitly recognizes the role of the
perception of the manager in influencing the manufacturing process and
the impact of the feedback information (knowledge of results) on the
manager.

Figure 6.1 below gives the topological structure of the model of the cost
control system of interest.
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The Actual Cost The Standard Set
of the Cost Item for the Cost Item

Figure 6.1 The Model of the Cost Control System of Interest

Different components and variables of the model will be discussed in
greater detail in the later sub-sections.

6.4.2 Stress, Activation and Performance

Although the term 'stress' is widely used in behavioural science
literature, it must be admitted at the outset that 'stress' is not a very
precise concept and its uses do not seem to converge to a common
definition. In this thesis, I will not enter the definitional argument.
Rather, 'stress' in a task related context is accepted as a useful concept
without scientific rigour, and is regarded as having a direct relationship
with 'activation', that central concept of modern motivation theory,
which refers to "the amount of psychological energy a person has
available to deal with a given situation or event." (Emmanuel et al., 1990,
p. 76). In a loose sense, stress is that feeling experienced by an individual
when there is an imbalance between his perceived demand of
environment and his perceived response capability, making him feel
'threatened' by adverse consequences. This is because he projects that his
perceived response capability will not be able to cope with his perceived
environmental demand, or cope with it adequately, or cope with it
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without hampering the achievement of other goals. (Lazarus, 1966;
McGrath, 1970a)

A theoretical propositioia which is widely agreed upon by academics in
social psychology is that stress leads to activation (arousal) in an
individual, in a linear fashion, and activation in turn influences his level
of performance (McGrath, 1976). The model adopts this proposition, thus
the performance of the manager is assumed to be predominantly
influenced by the intensity of stress (level of activation) he experienced in
each control period.

As to the issue of what type of characteristic curve the relation of
performance to intensity of stress should follow there is as yet no unique
conclusion because of the problem of individual differences in response
to the situation. So far two generic types of characteristic curves have
received some empirical support. On one hand, curves with curvilinear
characteristic are reported. According to Haythorn (1970):

Both Lanzetta (1955) and Berkun et al. (1962) report a curvilinear relationship
between stress and performance effectiveness, with increase in stress leading to
improvement in performance up to moderate levels beyond which increasing
stress leads to progressively more impaired performance. ... At any rate, the
curvilinear inverted-U relationship between stress and performance is
consistent with data reported by Haythorn and Altman (1967a), which showed
an increase in performance effectiveness with increased stress induced by
isolation and personal incompatibility - up to moderate levels of subjectively
reported stress beyond which either no further performance enhancement or a
performance decrement.

On the other hand, there are doubts raised about the universality of the
curvilinear characteristic curves. McGrath (1970b) describes experimental
evidence which implies curves with monotonically increasing
characteristic. It might be pointed out that any dissenting evidence against
the curvilinear characteristic can be rejected by arguing that a given study
did not include a large enough range of intensity of stress to yield the
expected curvilinear characteristic. However, it is not the intention of this
research to end this debate, in fact both monotonically increasing and
curvilinear characteristic curves are taken as useful working hypotheses
in the simulation experiments.
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6.4.3 Stress Cycle Operating within Organizational Settings

One paradigm representing the dynamics of operation of social
psychological stress proved to be helpful in describing the dynamics of the
model. This is McGrath's (1976) framework for stress cycle analysis, in
which the idea of the closed loop is incorporated.

Infra-Organism

Source: McGrath, J. E., (1976), "Stress and Behaviour in Organizations", In: Dunnette, M. D., Handbook of
Industrial and Organizational Psychology, Rand McNally College Publishing Company: Chicago,
pp. 1351-1395.

Figure 6.2 McGrath's Framework for Stress Cycle Analysis

With reference to Figure 6.2, the framework is explained by McGrath as
follows:

We can view a "stress situation" as composed of a four-stage, closed-loop cycle. It
begins with some condition(s) or set of circumstances in the socio-physical
environment. If the situation is perceived by the focal person (with reference to
whom it is a potential stressful situation) as leading to undesirable state of affairs
if left unmodified (or some desirable state of affairs if modified), then it becomes
a "stressful situation" - whether that perception is accurate or not. The focal
person then "chooses" some responsive alternative (including escape or
inaction). Then, he executes that response with the intention of changing his
relation to the situation (in a "favourable direction"). That response does, in fact,
have some consequences for him and for the situation though not necessarily
the intended ones.

These four stages are connected by four linking process,... The first of these
processes, which links stage A with stage B, ... as the appraisal process. The
experience of stress or threat, as a subjective state, is a function of such appraisal -
whether the appraisal is accurate or not.
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The second process link, between stage B and C, is essentially a decision-making
process. It involves relating the situation (as perceived) to the available
alternatives, and "choosing" a response or set of responses intended to deal with
the undesirable features of the situation. ... The operation and effectiveness of
this process will depend on (a) the outcome of the prior appraisal process; (b) the
organism's past experience; (c) his current state (e.g., fatigue); and (d) the
contents and organization of his response repertoire and his available resources.

The third link, between stage C and stage D of the cycle, is the response process
or performance. It results in a set of behaviours which, in principle, can be
evaluated in terms of quantity, quality, and speed. The level of performance
depends on ability, on task difficulty, and the standards (of quality, quantity,
speed) used to assess performance.

There is a fourth process link, between stage D (behaviour) and stage A
(situation). This is the link between the behaviour of the focal person and its
consequences for the situation. It is the outcome, or effect, or change process.
This link is often overlooked, perhaps because it occurs "outside" the
individual. While the extent to which the chosen response results in desired
behaviour depends on the performer's ability to execute his decision (i.e., to do
what he intends to do), the extent to which the behavior results in desired (or
undesired) changes in the situation depends not only on the level of
performance, but also on several other factors which are not under control of
the focal person: ...

When the dynamics of the model are examined in this framework, the
control process can be presented as follows. At the beginning of each
control period, the manager engages himself in an appraisal process
wherein, as has been said, he processes historical cost information and
makes judgemental adjustment, and so arrives at a cost figure that he
thinks would potentially occur for that period. He then compares this
with the standard to see whether the potential variance is favourable or
not. Then, I presume, during the control period this perceived
environmental situation creates stress (activation) which influences his
decision and performance processes. In turn, the actual cost of the
controlled cost item depends on the level of managerial performance and
some other managerially uncontrollable factors which influence the
outcome of the manufacturing process, for example certain amount of
work-in-progress has to be scrapped because of an unexpected disruption
in electricity supply. In the next control period, the four-stage cycle repeats
again.
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6.4.4 The Manager

Referring to Figure 6.1, the primary concern for modelling the manager is
to relate his performance to factors which are relevant in the system
setting. A schematic representation of the manager is shown in Figure 6.3
and it is explained in the following.

The Actual Cost The Standard Set
of the Cost Item for the Cost Item

The Managerial Performance

Figure 6.3 A Schematic Representation of the Manager

In the model, the managerial performance, as 'control energy', is treated
as an output from the manager and a prime input to the manufacturing
process. It enters the scene as a basic notion in that it is not defined
explicitly on any constituent concepts. However, it is suggested that, to
identify the concepts which constitute the managerial performance is not
difficult. For instance, the managerial behaviour giving rise to
performance may be regarded as encompassing the manager's attention,
decisions and actions in taking care of the manufacturing process.
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The amount of effort made is important to the managerial performance,
as Lawler (1976) points out:

The strength of a person's motivation to perform is most directly reflected in
effort; that is, in how hard he or she tries to perform.

Besides the amount of the managerial effort invested in control purpose,
the quality of the managerial effort, such as the appropriateness of his
actions in given situations, the external constraints, and the correctness of
perceiving the situation, are also factors which influence ultimate level of
the managerial performance. Therefore Lawler continues to note:

This effort expenditure may or may not result in good performance (Lawler and
Porter, 1967) since the person must possess the necessary abilities in order to
perform the job well. ...Great amounts of effort cannot completely take the place
of ability. ... situational blocks and incorrect perceptions of what is appropriate
behavior can often prevent performance from being high even when ability and
motivation are high.

The idea that performance can be low even when ability and motivation
are high is further supported by the opinion of Weick (1988) that
"action that is instrumental to understanding the crisis often intensifies
the crisis."

Figure 6.3 shows that the managerial performance is determined by two
realms attributed to the manager. One realm is influenced by the concept
of variance and is susceptible to information of the standard, the actual
cost and the influence factors other than the actual cost information. The

other realm is not influenced by the concept of variance but it is affected
by the influence factors other than the actual cost information, for
example the manager's mood is affected by a rumour that he will be
promoted (or fired). The output of the latter is assumed to be much
smaller than that of the former and to be exogenous. Thus, as given in
Equation (6.1) below the managerial performance in period k, MP(k) is
expressed by a linear combination of that managerial performance which
is influenced by the potential variance perceived by the manager in
period k, MPvp(k) and that managerial performance which is not
influenced by the potential variance perceived by the manager in
period k, MPnv(k).
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MP(k) = MPvp(k) + MPnv(k) (6.1)

When representing the managerial performance as a numerical variable,
the focus is to relate its value to the property of a 'cost transition function'
which governs the cost-change between two successive periods due to the
effect of the managerial performance (to be described in greater detail in
Sub-section 6.4.5). Relative to this cost transition function, the managerial
performance is defined on real numbers, i.e., it can assume negative or
zero or positive values. Corresponding to these three different ranges of
values, the managerial performance in a period leads to the cost which is
influenced by it being higher than, same as, and lower than the actual cost
of the previous period respectively. Since the managerial performance is
not defined by constituent concepts explicitly in the model, each value
assigned to it is regarded as an index number which has the property of
ordinal scale and carries no unit of measurement.

For the purpose of this research, the realm which is influenced by
variance is given the greater attention. It is modelled as consisting of two
parts which represent (i) the manager's appraisal process, and (ii) his
decision and performance processes. A schematic representation of
variance influenced realm is shown in Figure 6.4 below.
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The Actual Cost The Standard Set
of the Cost Item for the Cost Item

That Part of the Managerial Performance Which is
Influenced by the Potential Variance Perceived by
the Mcinager

Figure 6.4 A Schematic Representation of the Realm Which is
Influenced by the Variance

The manager's appraisal process is modelled by a stage of systematic
information processing augmented by his judgemental adjustment. A
schematic representation of his appraisal process is shown in Figure 6.5
below.
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The Actual Cost The Standard Set
of the Cost Item for the Cost Item

Figure 6.5 A Schematic Representation of the Manager's Appraisal
Process

The manager first uses a formal prediction device with the actual cost
information as input to get a predicted cost figure, then 'tunes' it by his
judgement which is affected by his cognitive state together with
influences other than the actual cost information. The resulting
perceived potential cost is then compared with the standard and a

perceived potential variance is derived. For the manager the perceived
potential variance signals to him the favourable or unfavourable
condition in the environmental situation, and provides him with the
idea of the 'chance' of success of his effort in trying to attain the standard
(the desired outcome).

The formal prediction device, expressed by Equations (6.2), (6.3) and (6.4)
below, is a time-series-based and extrapolation-styled prediction model
built on the Holt's (linear) two-parameter exponential smoothing
method (Pindyck and Rubinfeld, 1981, p. 485). The manager is assumed to
use this type of prediction because his knowledge of the means-ends
relationships of the manufacturing process is not adequate to enable him
to formulate a model which predicts the cost by relating it to a set of other
variables in a causal framework and exponential smoothing methods are
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widely used by practitioners in business. (Makridakis and Wheelwright,
1989, p. 24).

Csa(k) = a - Ca(k) + (1 - a) - (Csa(k -1) + r(k -1)); 0 < a < 1. (6.2)

r(k) = y - (Csa(k) - Csa(k -1)) + (1 - y) * r(k -1); 0 < y < 1. (6.3)

CH(k) = Csa(k -1) + 1 * r(k -1) (6.4)

where Ca(k) is the actual cost in period k; Csa(k) [or Csa(k -1)] is the
smoothed actual cost up to and including period k [or period k - 1]; r(k) [or
r(k - 1)] is the trend in the smoothed actual cost up to and including
period k [or period k - 1]; Cn(k) is the cost predicted by the manager at the
beginning of period k for that period based on the Holt's two-parameter
exponential smoothing method; a and y are the smoothing parameters
for the smoothed actual cost and the trend in the smoothed actual cost

respectively, the larger the a (or y) the lighter the smoothing effect, in
other words, data of recent periods is given heavier weights.

The potential cost perceived by the manager in period k, Cp(k), is given by
Equation (6.5), where q is the multiplier which represents the adjustment
made by the manager on Cn(k).

The potential variance perceived by the manager in period k, vp(k), is
given by Equation (6.6), where Cs is the standard set for the cost item.
Vp(k) is expressed in ratio form because variance expressed as a relative
magnitude is considered more meaningful to the manager than would be
its expression as an absolute magnitude.

For the part representing the manager's decision and performance
processes, no effort is made to break it down further explicitly. Rather, an
input-output representation is sought, the manager is treated as a 'black

Cp(k) = q * CH(k); q > 0 (6.5)

Vp(k) = (Cp(k) - Cs)/Cs (6.6)
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box' in other respects. It is assumed that the potential variance perceived
by the manager serves as a factor which induces task related stress in the
manager. Because the manager has to control the 'day-to-day'
manufacturing process, with respect to the relevance of information
about the situation of the current period, his ex ante perceived potential
variance is much more significant to him than the ex post reported
variance. In contrast, the ex post reported variance is assumed to be
thought useful by the senior management for the purpose of appraising
and controlling the manager's performance which influences the
performance of the cost item in turn.

It is also assumed that the intensity of stress experienced by the manager
increases monotonically with, and hence can be calibrated by, his
perceived potential variance. In other words, vp(k) is a surrogate variable
for the intensity of stress experienced by the manager in the same period.
In Sub-section 6.4.2 it is argued that the performance of the manager can
be assumed to be predominantly influenced by the intensity of stress he
experienced in each control period, therefore part of the managerial
performance in period k, represented by MPvp(k) in Equation (6.1), is
determined by vp(k). Figure 6.6 below shows the three distinct types of
characteristic curves that are possible for MPvp(k) Vs vp(k) based on the
hypotheses discussed in Sub-section 6.4.2, that the generic relation
between the performance and the intensity of stress may be (i)
monotonically increasing or (ii) curvilinear. It might be pointed out that
this figure includes a finer classification of curves with curvilinear
characteristic, namely, the saturation type and the inverted-U type.
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Monotonically Increasing Type

Possible for MPvp(k) Vs vp(k)

All the sloping lines of the curves represent a monotonically increasing
or decreasing relation, straight lines are used just for the sake of
simplicity, the lines can be curved just as well. Different parts of the
curves can be interpreted as follows.
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1. Monotonically increasing type:

vp(k) < vp2 represents a range where the manager experiences practically
no stress, is in a relaxed mood and is so little activated that MPvp(k) is
non-positive. As the perceived potential variance vp(k) moves further
and further away from vp2 the manager becomes less and less stressed,
more and more relaxed. This leads to more and more negative MPvp(k)
until he cannot further relax his performance, and that is why MPvp(k) is
negative but constant for vp(k) < vp^

vp2< vP(k) < vp3 represents a range where the manager experiences
moderate to high stress, and is thereby activated to such an extent that
MPvp(k) becomes positive. As vp(k) moves further and further away from
VP2 the manager becomes more and more constructively stressed, which
leads to a more and more encouraging psychological state for him to
perform, and hence an increasingly positive MPvp(k).

vp3 < vp(k) represents a range where the manager experiences intolerably
high stress which destroys his confidence in doing the job and he resigns.

2. Saturation type:

The state of affairs in the range vp(k) < vp2 is the same as that in the
situation mentioned above for monotonically increasing type.

vp2 < vP(k) ^ vp3 represents a range where the manager experiences
moderate stress, and is thereby activated to such an extent that MPvp(k)
becomes positive. As vp(k) moves further and further away from vp2 the
manager becomes more and more constructively stressful, which leads to
a more and more encouraging psychological state for him to perform, and
hence an increasingly positive MPvp(k).

vp3 < vp(k) < vp4 represents a range where the manager experiences high
stress, is thereby highly activated 'to do his best'. However, his best is not
sufficient to make any improvement in performance because as vp(k)
moves further and further away from vp3 the manager becomes more and
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more destructively stressful, which leads to a more and more

discouraging psychological state for him to perform. The overall effect is
that MPvp(k) though positive does not increase any more after vp3.

VP4 < vp(k) as in the monotonically increasing type represents a range
where the manager experiences such high stress that it destroys his
confidence in doing the job and he resigns.

3. Inverted-U type:

The state of affairs in the range vp(k) < vp2 is the same as that in the
situation mentioned above for the monotonically increasing type.

A similar state of affairs in the range vp2 < vp(k) < vp3 as that in the
saturation type with the same factors in operation and similar results.

vp3 < vp(k) < vp4 represents a range where the manager experiences high
stress, and is thereby highly activated to such an extent that MPvp(k)
though being xaon-negative but decreasing after vp3. As vp(k) moves
further and further away from vp3 the manager becomes more and more
destructively stressful, which leads to a more and more discouraging
psychological state for him to perform, and this results in a smaller and
smaller non-negative MPvp(k). The manager starts to resist stress after his
peak performance and his effectiveness progressively reduces even

though the stress level is increasing.

vp4 < vp(k) < vp5 represents a range where the manager experiences high
stress, thereby highly activated to such an extent that MPvp(k) being
negative after vp4. As vp(k) moves further and further away from vp4 the
manager becomes more and more destructively stressful, which leads to a
more and more discouraging psychological state for him to perform, and
hence a larger and larger negative MPvp(k).

vp5< vp(k) represents a range where the manager experiences very high
stress which destroys his confidence in doing the job and he resigns.
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Equation (6.7) below is used in the simulation experiments described in
Section 6.7. It represents a family of curves with straight line segments.
With appropriate choice of the values of the 'turning points', i.e.,
(vp4, MPvPl), (vp2, MPvp2), (vp3, MPvp3), (vp4, MPvp4), (vp5, MPVp5) for the
curves, the three distinct types of characteristic curves shown in Figure 6.6
can be produced.

/"MPvpi; vp(k) < Vp4

MPvPl + (MPvp2 - MPvp^) * (vp(k) - vp-[)/(vp2 - vp4);
vp4 < vp(k) < vp2

MPVp2 + (MPvp3 - MPvp?) * (vp(k) - vp2)/(vp3 - vp2);
MPvp(k) = < vp2 < vp(k) < vp3

MPvp3 + (MPvp4 - MPvp3) * (vp(k) - vp3)/(vp4 - vp3);
vp3 < vP(k) < vp4

MPVp4 + (MPvp5 - MPvp4) * (vp(k) - vp4)/(vP5 - vp4);
vp4 < vp(k) < vp5

V

where vPl, vp2, vp3, vp4, vp5, MPvpi, MPvp2, MPvp3, MPvR4, and
MPvp5 are real numbers. (6.7)

6.4.5 The Manufacturing Process

Referring to Figure 6.1, the behaviour of the manufacturing process is
treated as a priori and as showing no 'learning' phenomenon, i.e., its
characteristic does not change with time. A schematic structure of the
process is illustrated in Figure 6.7 below and it is explained in the
following.
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The Managerial Performance

The Manufacturing Process

(Controlled System)

The Realm Which is
Influenced by the
Managerial Performance

That Cost
Which is
Influenced by
the Managerial
Performance

The Realm Which is
Not Influenced by the
Managerial Performance

The Managerial ly
Uncontrollable
Influence Factors

igerially
liable

That Cost
Which is Not
Influenced by
the Managerial
Performance

The Outcome Process

The Actual Cost of the Cost Item

Figure 6.7 A Schematic Representation of the Manufacturing Process

Though the characterization presented here cannot be claimed as unique
nor universal for all possible manufacturing processes, it is believed that
it is an adequate description of a typical manufacturing process with the
managerial performance considered as the prime input which principally
determines the actual cost for each control period.

The actual cost is determined by two realms attributed to the
manufacturing process. One realm is influenced by the managerial
performance. The other realm is not influenced by the managerial
performance but is susceptible to the effects of other factors not under
managerial influence. The output of the latter is assumed to be much
smaller than that of the former and to be exogenous. Thus, as given in
Equation (6.8) below the actual cost in period k, Cn(k), is expressed by a
linear combination of that cost which is influenced by the managerial
performance in period k, Cmp(k), and that cost which is not influenced by
the managerial performance in period k, Cnmp(k).
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Ca(k) — Cmp(k) + Cnmp(k) (6-8)

The major concern of describing the dynamics of the manufacturing
process is to obtain a 'cost transition function' which determines Cmp(k).

This cost transition function, that governs the cost-change between two
successive periods due to the effect of the managerial performance, rather
than given as a single equation, is described by Equations (6.9), (6.10),
(6.11), (6.12) and (6.13) for the sake of illustrating the ideas behind.

, exp(-03 * MP(k)) - 1; MP(k) >0, 03 > 0

These equations and the variables and the parameters involved will be
discussed as follows.

Equation (6.9) embodies the intuitive idea that given the actual cost in a

period there are three distinct possibilities of a cost transition when the
cost which is influenced by the managerial performance in the next
period is considered, i.e., improvement, deterioration and unchanged.
The first two cases are illustrated in Figure 6.8 below, where the meaning
of D, S and Cmjn respectively has become clear.

Cmp(k) = Ca(k -1) + D
S = Ca(k - 1) - Cmin

D = y * Do

D0 = ^ * S * exp(-S/0}); 0 < ^ < 1, 0! > 0, 0 < S < 0

mm

(6-9)

(6.10)

(6.11)

(6.12)

S2 * [1 - exp(02 * MP(k)]; MP(k) <0, > 0, 02 > 0

y = 0; MP(k) = 0 (6.13)
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Figure 6.8 The Two Major Modes of a Cost Transition

The absolute value of D represents the magnitude of the cost-change due
to the managerial performance. Obviously Equation (6.9) is associated
with a sign convention for D such that a negative value of D refers to a
cost improvement transition, and a positive value of D refers to cost
deterioration transition.

Cmin represents a theoretical lower bound of the cost that can be achieved
by combining the most effective use of existing technology available for
the firm in implementing the manufacturing process, in Sub-section 6.4.4
Lawler termed it as the 'situational block', and the best the manager can
contribute to the task. It should be pointed out that Cm;n may well differ
for different managers.

Finally S, which first appeared in Equation (6.10), is a distance measure

expressing the gap between the actual cost in the preceding period,
Ca(k -1) and Cmin.
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In Equation (6.11) D0 is the reference value for the potential size of the
cost changed, and is assumed to be positive. For cost improvement
transition, D0 represents a theoretical maximum that the absolute value
of D can take. For cost deterioration, D0 represents a scaling factor for
determining D.

In Equation (6.12) D0 is proposed to be monotonically increasing with S.
Figure 6.9 illustrates the curve of D0 Vs S.

The functional form chosen for D0(S) defined on 0 < S < 0} reflects a

central idea that even if the manager performs most effectively (or most
ineffectively) in a particular period, the cost does not improve or
deteriorate substantially because of this in that period. A large amount of
cost improvement (or deterioration) towards (or away from) Cmin is
assumed to be accomplished by a 'step-by-step' process. This idea can be
interpreted as the further away the actual cost in the preceding period,
Ca(k - 1), is from Cmin the larger is the potential either for cost
improvement (or cost deterioration), and the larger is the lower (or
upper) bound of the values that improved (or worsened) cost can take. On
the other hand D0 is defined on the range 0 < ^ < 1 in order to meet the
'physical' requirement of D0 < S in the case of cost improvement. Both the
parameters ^ and 01 control the size of D0 so for a given value of S, the
larger ^ or 0-! then the larger becomes D0. Thus ^ and 0^ are interpreted
as a measure of the susceptibility of the manufacturing process to cost
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improvement or deterioration (irrespective to the managerial
performance).

Equations (6.11) and (6.13) define y to be a coefficient which governs the
ultimate 'direction' and size of the cost-change, and which depends on a

particular level of the managerial performance, MP(k). There is a sign
convention for y such that a negative value of y refers to a cost
improvement transition, and a positive value of \j/ refers to cost
deterioration transition. Figure 6.10 below illustrates the curve of
y Vs MP(k).

Figure 6.10 vp Vs MP(k) Curve

For MP(k) > 0, the more positive MP(k) the larger the absolute value of y.
When MP(k) tends to be large, the absolute value of \j/ tends to 1
asymptotically. This represents an idea that for a given D0 when the level
of the managerial performance becomes higher and higher, larger and
larger amount of this potential cost-change effects a cost-change in the
improvement direction until it is fully exploited. But the marginal gain is
diminishing because it becomes increasingly difficult to detect and
eliminate the trivial causes contributing to the last 'minute part' of cost
inefficiency. The parameter 03 controls the curvature of this part of the
curve. For a given MP(k), the larger 03 the larger the absolute value of \|/.
Thus 03 is interpreted as a measure of the susceptibility of the
manufacturing process to cost improvement due to the managerial
performance.

V

1

At MP(k) = 0, no cost transition occurs, i.e., where the managerial
performance is doing nothing to either improve or worsen the situation.
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For MP(k) < 0, the more negative MP(k) the larger the value of \\f. When
MP(k) is negatively large, value of \\i tends asymptotically to the
parameter the upper bound for \p. This represents an idea that for a

given D0 when the level of the managerial performance becomes lower
and lower, larger and larger cost-change in the deterioration direction
results, but the marginal increment of the amount of cost deterioration
change becomes smaller and smaller because there is usually a limit to
the number of causes that contribute to the most part of the cost
inefficiency. The parameter 02 controls the curvature of this part of the
curve. For a given MP(k), the larger <;2 (or 02) the larger the value of \\i.
Thus and 02 are interpreted as a measure of the susceptibility of the
manufacturing process to cost deterioration due to the managerial
performance.

Lastly, the unit of measurement of any cost variable appearing in the
equations is expressed by the term 'cost unit' for the sake of maintaining
generality.

6.4.6 The Accounting Information Reporting System

Referring to Figure 6.1, the role of the accounting information reporting
system is to provide the manager and the senior management with cost
reports immediately after each period. It is assumed that the cost figures
reported by the system accurately reflect the actual situation.

6.4.7 The Mathematical Structure

The model is a discrete-time nonlinear state-space model.

Ca(k), Csa(k), and r(k) are the state variables; MPnv(k) and Cnmp(k) are
the input variables; MP(k), MPvp(k), CH(k), Cp(k), Cmp(k), vp(k), D, \|/,
D0, S are the auxiliary variables; Cs, Cmjn, ot, y, r\, vpp vp2, vp3, vp4, vp5,

MPvpl, MPvp2, MPvP3, MPvP4, MPvp5, 0j, £2, 02, and 03 are the
parameters.

100



6.5 Computer Program Implementation

There follows a description of how the model which has been outlined
above came to be implemented using a computer.

The computer program for the model is written in the STELLA II
simulation language. (The diagrammatic representation and the listing of
the source code program are given in Appendices 2 and 3 respectively.
The reader may also find Appendix 1 useful to the understanding of the
contents of these two appendices.)

The program assumes that every simulation (or integration) step
represents a single iteration of the discrete-time model. This requires the
use of the (forward) Euler's integration algorithm (referenced at
Section 5.10), with simulation (or integration) step-size set to 1, in every
simulation run.

Two variables, which do not belong to the model described above, called
'the manager resigns signal' and 'the monotonically increasing
assumption validity signal' are incorporated into the program in order to
prevent the acceptance of spurious simulation results. The first one
checks whether or not the manager carries on his job, if he does it returns
'0', otherwise '1'. The latter checks whether or not D0(S) satisfies the
monotonically increasing assumption, if it does it returns '0', otherwise
'1'. The version of STELLA II used in this research does not allow the

program to be halted when a predefined condition is met, and returns '1'
signals at the inspection of the outputs where the program should have
halted.

The program is approximately 62 kilobytes in size. When it is run on an

Apple Macintosh SE 30 with eight megabytes of RAM in a system
software v B-6.05 environment, typically it takes 0.2 second to advance
one simulation time-step.

The computer outputs are time series indexed by a sequence of real
numbers called the simulation time, ts. The time series can be displayed
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as numbers or as graphs. In the experimentation described below the first
number of ts is set to 0. In addition, the values of ts are viewed as

corresponding exactly to those of the time index k.

6.6 Model Validity

According to Carson and Flood (1988, p. 256), "Qualitative feature
matching is an important test of structural validity in nonlinear models".
Thus in order to check the validity of the model (under certain parameter
values), I chose to look into the qualitative similarity between the
'statistics' (or say, summary measures of numerical characteristics) of the
simulated actual cost time series derived from it and those suggested by
empirical findings.

There are two observations made by academics about the characteristics of
the budget/cost situation which have a bearing on the way the model is
validated.

First, based on empirical findings relating motivational effect of
budget/standard level to budget/cost performance Emmanuel et al. (1990,
p. 173) conclude that:

... the budget level which motivates the best performance is one that is
somewhat more demanding than the level of performance that will actually be
achieved. However, a budget that is likely to be achieved will motivate only a
lower level of performance, ... The budget level that most usually motivates the
optimum results (a challenging target accepted by the managers) is in excess of
the average performance actually attained by that manager. But if it is reduced to
a less demanding level, actual performance also decreases.

However, they also point out that the level of budget difficulty cannot be
increased indefinitely because targets thought to be unattainable are

counter-productive.

Incidentally, based on the results of a series of simulation experiments
Bonini (1967, p. 135) arrived at a similar conclusion, that "if the industrial
engineering department was 'loose' in setting production cost standards,
the [average] costs were high."
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Second, it is suggested (Jacobs and Lorek, 1980; Drury, 1988, p. 575; Otley,
1985; Emmanuel et al., 1990, p. 169) that 'the underlying probability
distributions' [or say, the (relative) frequency distributions] for cost
observations in an environment with budgetary or standard costing
system as the control device are not, generally speaking, symmetric but
likely to be positively skewed. This can be interpreted as indicating that
the managers responsible for the controlled cost items have greater
chance of doing badly than of doing well.

Thus, statistics of a simulated actual cost time series like the average (i.e.,
the arithmetic mean), g*; the standard deviation, a*; and the skewness of
the frequency distribution, sk*, are calculated for model validation
purpose. Here the skewness is measured by the standardized third
moment of a data set {x;} of size n (Parsons, 1974, pp. 91-92).

n

sk* = [ X(*i - p*)3/a*3 ]/n (6.14)
i=l

Another statistic, the proportion of actual cost outcomes which have
values smaller than the standard in a simulated actual cost time series,

p*, is also calculated because it is useful to an understanding of the
implication of the skewed frequency distributions, if there are any.

In summary, the following three simulation results, if obtained, provide
evidence to the validity of the model (under those parameter values
when the model is simulated).

1. The averages of the simulated actual cost time series are, in general,
greater than the corresponding (cost) standards.

2. The looser the (cost) standard the higher, in general, the average of the
simulated actual cost time series.

3. The skewnesses of the frequency distributions of the simulated actual
cost time series are, in general, positive.
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6.7 Experimentation

The primary concern of the computer experiments conducted on the
program discussed in Section 6.5 is to identify conditions which
generate chaotic actual cost time series assuming that the cost control
system of interest is under no explicit (or observable) external
influences. Thus, in experimentation the general model presented in
Section 6.4 is restricted to a family of models which, at least
theoretically speaking, are autonomous (see Sub-section 5.3.2) by
setting the input variables MPnv(k) and Cnmp(k) to 0 in the program.

It should be stressed here that the simulated (computational-error-
prone) time series are interpreted by the practical viewpoint argued
generally in Section 5.10. That means that they may give a more
realistic picture of the real world behaviour of the cost control system
of interest than that offered by the computational-error-free time
series. This is because the computational errors occur in executing the
program 'add back' probably part of the effects due to the small real
world perturbations that are supposed to impinge perpetually on the
idealized system. These perturbations can be associated with, for
example the existence of extremely small Cnmp(k) though it is
nominally 0 in the idealized system, and, the real world 'rounding-off'
operation acting on Ca(k), Csa(k) and r(k) because when data is
processed by humans or man-made devices 'rounding-off' to a finite
number of significant figures must be carried out, however, this
'rounding-off' operation is not assumed in the idealized system.

Generally speaking, to design a computer experiment is equivalent to
defining the functional forms of the input variables and choosing a set of
values for the parameters, the initial condition of the state and input
variables, and the simulation time span (in terms of the number of
iterations carried out or periods advanced), Ts, for a simulation run. It can
also be thought of, in effect, instantiating the general model to become a

specific model with a particular initial condition and a specific time span
of interest to the investigation.
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Since it is practically impossible to experiment on all of the possible
combinations of parametric values and initial conditions, only sampled
situations have been considered. Besides a trial and error tactic combined

with some straightforward considerations, for example the initial value
of the actual cost is probably not very far from the standard; the
smoothing parameters of the Holt's method is probably not too close to 0
or 1; and the adjustment multiplier on cost predicted by the Holt's
method is probably not far from 1 etc., the selection of a situation is also
based on hints suggested by results of previous experiments.

In addition, the choice of the simulation time span, Ts, is considered
carefully because of the following reasons.

1. Ts should be long enough to produce a time series corresponding to a

trajectory close to or on the attractor involved, and it should be even

longer if the phase plot of the attractor is required. In the initial trial
and error experiments, an examination of the simulated time series
indicated that the transient is apparent within the first 20 iterations.
For caution's sake this plausible 20-iteration time horizon of the
transient is further multiplied by a factor of 10 when speculating the
longest time horizon of the transient in all possible cases to be
encountered and a figure of 200 iterations is derived. Thus, Ts should
be greater than 200 iterations.

2. The Wolf et al.'s algorithm for estimating the largest Lyapunov
exponent, which provides the major tool for chaos analysis in this
chapter and is detailed in Sub-section 5.9.1, requires the number of
data points in the time series (which is near or at steady state), T, to be
greater than 10^L if a reasonable estimation is expected, where dL is the
Lyapunov dimension. It is not possible to calculate this minimum
data size requirement 10^L without knowing the value of the largest
Lyapunov exponent, X] because in Section 5.9 it has been shown that
dL is defined by the Lyapunov exponents. But, it is in order to estimate
the value of Xi that Wolf et al.'s algorithm is employed. This paradox
is circumvented by observing that dL of a strange attractor is usually
smaller than the dimension of the system involved and that
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difference is less than 1 for examples found in Wolf et al. (1985). The
system considered here has dimension 3, thus by taking a conservative
view dL of any strange attractor associated with it is likely between 2
and 3. Thus the minimum number of data required is at most 1000.
Assuming the longest time horizon of the transient in all possible
cases to be encountered is 200 iterations as suggested in (1) above, then
if Ts is set to 1200 iterations or more it should provide sufficient
amount of data to allow the Wolf et al.'s algorithm to achieve a
reasonable estimation of A,].

The scheme for performing experiments and the associated
periodicity/chaos analyses for the model of the cost control system of
interest is summarized in Figure 6.11.

Set Initial Values for the State Variables

Figure 6.11 The Scheme for Performing Experiments and the Associated
Periodicity/Chaos Analyses for the Model of the Cost Control
System of Interest

The outputs of the simulation include the time series of (i) the actual cost,
(ii) the smoothed actual cost, (iii) the trend of the smoothed actual cost,
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(iv) the manager resigns signal, and (v) the monotonically increasing
assumption validity signal. In below a description of how the analyses are
carried out.

Analysis 1 involves a scrutiny of the time plots of the time series of 'the
manager resigns signal' and 'the monotonically increasing assumption
validity signal', which are the checking-variables discussed in Section 6.5.
If either one or both of these time series shows the value '1' at least once,

then part of the simulated trajectory is spurious, otherwise the simulated
trajectory is subject to further analysis. In the former case, it usually
means that to try another experiment.

Analysis 2 involves a scrutiny of the numerical displays and the time
plots of the simulated time series of the three state variables, and, the
phase plot of the attractor. Its aim is to determine the periodicity, if there
is any, of the attractor. For simple time series patterns, the study of the
numerical displays is carried out by visual inspection. For complex time
series patterns, the study of the numerical displays is aided

1. by database searching utility like 'Find', for example the one provided
in the word processor 'Word', which can look up the location(s) of a
given data value or data series, or,

2. by applying the technique of 'differencing' on the time series. If the
differenced time series, i.e., {X(k+N) - X(k)}, shows all zeros (or
practically speaking values close to zero) after the transient effect has
all but died down and N is the smallest integer that does so, then N is
the periodicity of the original time series.

Analysis 3 involves an ordering of periodicities of closed orbits, see
Sub-section 5.3.5.2, identified for certain values of a particular parameter.
A period-doubling bifurcation sequence for the closed orbits, if observed,
implies a possible route to chaos for the parameter around this range of
values, see Sub-section 5.8.4. This information is valuable to the design of
another experiment intended to generate chaotic time series.
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Analysis 4 involves the diagnosis of the presence of strange attractor by
employing the Wolf et al.'s algorithm for estimating the largest
Lyapunov exponent (1985) described at Sub-section 5.9.1. The actual cost
time series is input into a mainframe computer with BSD based Dynix/3
operating system and 'the estimate of the largest Lyapunov exponent', Xy,
is output after running a program of the algorithm. (The source code of
this program is given in Appendix 4.) If A,] is positive, it is accepted as
evidence to the existence of a strange attractor which governs the time
series. If X{ is non-positive, it is regarded as evidence to non-existence of
such attractor even though the numerical displays and time plots of the
time series, and, the phase plot may look complicated.

As discussed in Sub-section 5.9.1, due to the flexibility in selecting
numerical values for the parameters of the Wolf et al.'s algorithm,
estimating the largest Lyapunov exponent by the algorithm requires
experimentation on the part of the analyst. Because of the time constraint
on this research only the embedding dimension, M and the evolution
time, EVOLV can be varied in different program runs and the other
parameters remain fixed to the particular values given as follows.

1. The number of data points in the time series, T = 2000.

2. The time between the data points in the time series, At = 1.

3. The delay time, x = 1.

4. The minimum acceptable scale for replacement purpose,
SCALMN = 0.000001.

5. The maximum acceptable scale for replacement purpose,
SCALMX = 0.2.

This tactic of restricting the search space is further justified by (i) At must
take the value '1' because the time series is generated by a discrete-time
state-space model, (ii) the speculation that the variation in the values of
Xy is not very sensitive to the change of values of, except At, these 'other
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parameters', (iii) only the information about the sign of is required and
so no very precise estimation of A,i is needed. Blank (1991) used similar
tactic when estimating Xi using this algorithm.

When a value is chosen for M in a particular program run, the rule
M > 2 * 3 + 1 (the dimension of the system here is 3) mentioned in
Sub-section 5.4.1 is not strictly followed because Wolf et al. (1985) finds
that smaller values of M, even those violating the rule, may lead to better
estimates of X\.

Finally, both the phase plot of the attractor and the Wolf et al.'s algorithm
assume that the time series considered corresponds to a trajectory which
is close to or on the attractor concerned. Therefore by applying the rule of
thumb for estimating the longest possible time horizon of the transient
discussed in the earlier part of this section the first 200 data points of the
actual cost time series are ignored before it is used to prepare the phase
plot or to obtain .

6.7.1 Experiments and Results

The experiments and results are reported for the purposes of answering
the research questions and of providing evidence to the validity of the
model. An experiment corresponding to a benchmark condition shown
in Table 6.1 below is first described. Under this condition chaotic

behaviour of the model is observed. This benchmark condition provides
a 'chaos-first' departing position for the experiments and results against
which the results from experiments in other conditions can be compared.

EC; denotes a condition with the order of its first appearance indexed by a

positive integer i, for example EC] denotes the benchmark condition. For
a condition other than EQ, to simplify the matter, it is indicated solely by
its difference(s) from EC].

Finally, since units of the variables and the parameters are not pertinent
to the discussion below, they are not explicitly stated for the sake of
simplicity. (The units of all the variables and the parameters of the model
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are given in the documentation parts of the source code program in
Appendix 3. The unit of is 'bits per iteration' and the unit of Ts is
'iteration'.)

6.7.1.1 Experiment with ECi

I. Condition

Table 6.1 Benchmark Condition EC]:

Ca(-l) 1.08 Vp-j -0.25 MPVRi -0.25

CsaH) 1.08 Vp2 0.01 MPV?2 0

r(-l) 0 vp3 0.06 MPvp3 1.00

MPnv(k) 0 vp4 0.25 MPvp4 0

Cnmp(k) 0 vp5 0.30 MPVP5 -0.10

q 1.10 Si 0.95 Ts 2200

Cmin 1.00 01 0.60

a 0.75 ^2 1.10

y 0.75 02 500

q 0.99 03 2.40

This is a condition with an inverted-U type of MPvp(k) Vs vp(k)
characteristic curve illustrated at Figure 6.6 above.

Two comments are xaeeded for some of the quantities appearing in
Table 6.1.

1. When a person first uses a data smoothing prediction method without
any historical data in hand, he has to estimate/nominate an initial
value (as seed) for any of the smoothed variables. Usually this initial
value is quite arbitrary because the subsequent value of this smoothed
variable is updated to realistic value by historical data in long run.
Here it is assumed that the manager starts using the Holt's prediction
method as described at Sub-section 6.4.4 above from period 0 onwards,
so he estimates Csa(-1) by the actual cost incurred in the period
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previous to period 0, i.e., Ca(-1), and r(-l) by 0 because he assumes the
trend of the smoothed actual cost up to the previous period was flat.

2. The parameter q is defined by Equation (6.15) and is interpreted as the
degree of 'slack' incorporated into the standard for the manager. The
smaller q the more tight the standard.

Cs = q * Cmin,' q > 0 (6.15)

II. Results

The manager does not resign.

The numerical display of the actual cost time series from period 0 to
period 2199 is given in Appendix 5.

i I'' *11 * " * i11 * * i1 *111 *11 * i1 * *'; ■ i1 11, i'' 11

2099 2109 2119 2129 2139 2149 2159 2169 2179 21S9 2199

Time

Figure 6.12 Time Plot of the Actual Cost from Period 2099 to Period 2199
(EQ)

In the time plot above (and that appear elsewhere below in this chapter
and Chapter 7) the position of the value of the variable at a particular
time is located by a circle marker and the straight lines which join pairs of
circle markers together are used only for the purpose of expressing the
motion aspect of the time series.
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Figure 6.13 Phase Plot of the Attractor (EQ)
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1 1-04 1.08 1.12 1.16 12 1.24 1.28

The Actual Cost

Figure 6.14 Histogram of the Actual Cost Time Series from Period 200 to
Period 2199 (EC!)

The Actual Cost

Figure 6.15 Ogive of the Actual Cost Time Series from Period 200 to
Period 2199 (ECO

Table 6.2 The Estimates of the Largest Lyapunov Exponent (EQ)
EVOLV M

5 6 7 8 9

1 0.023057 0.028473 0.033940 0.028135 0.022592

3 0.015221 0.019773 0.020329 0.018170 0.014486

5 0.009816 0.012891 0.017464 0.013000 0.008982
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Table 6.3 Statistics of the Actual Cost Time Series from Period 200 to

Period 2199 (EQ)

u* o* sk* p*

1.1286 0.0520 0.525 0.3390

III. Discussion

The time plot of the long-term actual cost behaviour shown in Figure 6.12
appears to be fluctuating randomly, the phase plot of the attractor shown
in Figure 6.13 has a complex and well-arranged topological (or
geometrical) structure, and as all the estimates of the largest Lyapunov
exponent in Table 6.2 are positive, it can be safely concluded that ECi
generates chaotic behaviour for the actual cost of the cost item. This
means that a 'yes' answer to Research Question 1 which was 'given that
the stochastic approach is unsatisfactory in that it by-passes the description
of causes, is there any deterministic explanation for all, or at least part of,
the apparently random fluctuations in the behaviour of the business
variables?' This result suggests that there may well be such a
deterministic explanation and that it lies in the probable presence of a

strange (chaotic) attractor generated within the control system itself. The
rest of this discussion and the other results which follow in this chapter
will underpin this assertion and, by answering Research Question 2, will
indicate its potential usefulness.

Referring to Table 6.3 and based on the discussion made in Section 6.6 it
may be claimed that this particular model has plausible validity for
reflecting the features of a conceivable real world situation because the
average actual cost is greater than the standard by 2.6%, and slQ is positive
(the frequency distribution is positively skewed). In addition, since
p* (= 0.3390) is smaller than 0.5, it reveals that the manager cannot obtain
a balanced cost performance against the standard, and his under-
achievements are more than his over-achievements.
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The Actual Cost

Figure 6.16a Histogram of the Actual Cost Time Series from Period 200
to Period 1199 (EQ)

7 "1

1 1.04 1.06 1.12 1.16 12 1.24 1.26

The Actual Cost

Figure 6.16b Histogram of the Actual Cost Time Series from Period 700
to Period 1699 (EQ)

1.04 1.06 1.12 1.16 12 1.24 128

The Actual Cost

Figure 6.16c Histogram of the Actual Cost Time Series from Period 1200
to Period 2199 (EQ)
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Figures 6.16a, b & c above show histograms of three time series taken
from different parts of the actual cost time series from period 200 to
period 2199 of the benchmark condition EQ, and, it is seen that these
histograms are similar in shape to each other and to that of the parent
time series illustrated in Figure 6.14. This shows that the chaotic actual
cost time series can be considered to have persistent 'order' from a
statistical perspective, a discussion of the chaotic behaviour in this aspect
is given in Sub-section 5.8.1.

The persistent shape of histogram shared by these different sets of
sampled data probably leads a conventional statistician, who does not
know how the time series was generated, to conclude that there is a stable
stochastic process underlying the time series, and hence to conclude that
the actual cost outcome is a random variable which has a time-

independent probability distribution. Flowever, as demonstrated, the time
series was generated by a deterministic system.
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6.7.1.2 Experiment with EC2

I. Condition

EC2:

MPVp4 1

MPvps 1

This is a condition with a saturation type of MPvp(k) Vs vp(k)
characteristic curve referred to above at Fig 6.6.

II. Results

The manager does not resign.

O
u
03

B 1.25
u

<

1.2

1.15

1.1

1.05

1 -

2099 2109 2119 2129 2139 2149 2159 2169 2179 21S9 2199

Time

Figure 6.17 Time Plot of the Actual Cost from Period 2099 to Period 2199
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Table 6.4 The Estimates of the Largest Lyapunov Exponent (EC2)
EVOLV M

5 6 7 8 9

1 0.043957 0.027602 0.026763 0.033696 0.025611

3 0.014824 0.016876 0.019726 0.021061 0.015251

5 0.015894 0.009105 0.009463 0.016332 0.010572
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Table 6.5 Statistics of the Actual Cost Time Series from Period 200 to

Period 2199 (ECg)
u* 0* sk* P*

1.1332 0.0524 0.506 0.3285

III. Discussion

The time plot of the long-term actual cost behaviour shown in Figure 6.17
appears to be fluctuating randomly, the phase plot of the attractor shown
in Figure 6.18 has a complex and well-arranged topological (or
geometrical) structure, and as all the estimates of the largest Lyapunov
exponent in Table 6.4 are positive, it can be safely concluded that EC2
generates chaotic behaviour for the actual cost of the cost item. This
means that a 'yes' answer to Research Question 1.

Referring to Table 6.5 and based on the discussion made in Section 6.6 it
may be claimed that this particular model has plausible validity for
reflecting the features of a conceivable real world situation because the
average actual cost is greater than the standard by 3%, and sk* is positive
(the frequency distribution is positively skewed). In addition, since
p* (= 0.3285) is smaller than 0.5, it reveals that the manager cannot obtain
a balanced cost performance against the standard, and his under-
achievements are more than his over-achievements.
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6.7.1.3 Experiment with EC3

I. Condition

EC3:

MPvp4 4.8

MPvp5 5.8

This is a condition with a monotonically increasing type of MPvp(k) Vs
vp(k) characteristic curve referred to above at Figure 6.6.

II. Results

The manager does not resign.
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Figure 6.24 Ogive of the Actual Cost Time Series from Period 200 to
Period 2199 (EC3)

Table 6.6 The Estimates of the Largest Lyapunov Exponent (EC3)
EVOLV M

5 6 7 8 9

1 0.018858 0.024457 0.026447 0.024360 0.017558

3 0.010541 0.012296 0.015112 0.014087 0.011654

5 0.009142 0.010726 0.009623 0.008213 0.007108
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Table 6.7 Statistics of the Actual Cost Time Series from Period 200 to

Period 2199 (EC3)

a* a* sk* p*

1.1328 0.0541 0.440 0.3570

III. Discussion

The time plot of the long-term actual cost behaviour shown in Figure 6.21
appears to be fluctuating randomly, the phase plot of the attractor shown
in Figure 6.22 has a complex and well-arranged topological (or
geometrical) structure, and as all the estimates of the largest Lyapunov
exponent in Table 6.6 are positive, it can be safely concluded that EC3
generates chaotic behaviour for the actual cost of the cost item. This
means that a 'yes' answer to Research Question 1.

Referring to Table 6.7 and based on the discussion made in Section 6.6 it
may be claimed that this particular model has plausible validity for
reflecting the features of a conceivable real world situation because the
average actual cost is greater than the standard by 3%, and sk* is positive
(the frequency distribution is positively skewed). In addition, since
p* (= 0.3570) is smaller than 0.5, it reveals that the manager cannot obtain
a balanced cost performance against the standard, and his under-
achievements are more than his over-achievements.

Putting this together with the results obtained from experiments with ECi
and EC2, it reveals that the appearance of chaotic behaviour is
independent of the type of performance-intensity of stress characteristic
the manager possesses.

6.7.1.4 Experiments with Different Values of q

The aim of performing this group of experiments is to study the effect of
the degree of 'slack' incorporated into the standard for the manager on the
actual cost behaviour. The results provide an answer to Research
Question 2 which was 'given that some such deterministic explanation
can be found, could it enable managers to modify their control systems so
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as to reduce the apparently random fluctuations in the behaviour of the
business variables?'

I. Condition

The experiments have conditions which differ in the value of parameter
q, that is the degree of 'slack' incorporated into the standard for the
manager. This parameter is set with values ranging from 0.85 to 1.19.

II. Results

In the following results of the experiments are summarized in both
tabular and graphical forms. Here the estimates of the largest Lyapunov

jjj l

exponent, A} s, for different values of q are obtained by setting M = 7 and
EVOLV = 1 in the Wolf et al.'s algorithm, and, as a reminder the statistics
A,*, (i*, a*, sk* and p* refer to that of the actual cost time series from
period 200 to period 2199.

Table 6.8 Summarized Results of EC], EC4-EC48

Condition q Resigns Attractor *i p* 0* sk* p*

ec4 0.85000 Yes - - - - - -

ec5 0.86000 No Period-1 - 1.0000 0 - 0

ec6 0.90000 No Period-1 - 1.0000 0 - 0

ec7 0.98000 No Period-1 - 1.0000 0 - 0

ec8 0.99000 No Period-1 - 1.0100 0 - 0

ec9 0.99900 No Period-224 - 1.0194 0.0011 4.95 0

ec10 1.00000 No Period-5 - 1.0238 0.0052 0.464 0

ecn 1.00100 No Period-1 - 1.0212 0 - 0

ec12 1.00200 No Period-2 - 1.0269 0.0061 -3.25E-12 0

ec13 1.00700 No Period-2 - 1.0329 0.0105 3.81E-09 0

ec14 1.00800 No Period-4 - 1.0338 0.0108 0.00562 0

ec15 1.01000 No Period-4 - 1.0354 0.0112 -0.00187 0

ec16 1.01100 No Period-8 - 1.0362 0.0114 -0.00622 0

ec17 1.01110 No Period-8 - 1.0363 0.0114 -0.00580 0

Table 6.8 continues on next page.
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Table 6.8 continues from last page.

Condition q Resigns At tractor K P* 0* sk* P*

ec18 1.01120 No Period-16 - 1.0363 0.0114 -0.00577 0

ECw 1.01130 No Period-16 - 1.0364 0.0115 -0.00650 0

EC* 1.01132 No Period-32 - 1.0364 0.0115 -0.00658 0

ECa 1.01133 No Period-64 - 1.0364 0.0115 -0.00657 0

ec2 1.01134 No Strange 0.003035 1.0364 0.0115 -0.00662 0

ECS 1.01135 No Strange 0.002646 1.0365 0.0115 -0.00663 0

ec24 1.01140 No Strange 0.004221 1.0365 0.0115 -0.00688 0

EC25 1.01200 No Strange 0.004986 1.0370 0.0118 0.00555 0

EC* 1.01500 No Period-5 - 1.0389 0.0128 0.292 0

EC27 1.02000 No Period-3 - 1.0468 0.0248 0.367 0

EC* 1.02100 No Period-3 - 1.0476 0.0252 0.367 0.3335

EC» 1.02200 No Period-6 - 1.0551 0.0278 0.317 0

EC30 1.02300 No Period-3 - 1.0492 0.0260 0.366 0

EC31 1.02400 No Strange 0.002535 1.0563 0.0283 0.313 0.0825

ec32 1.02500 No Strange 0.002140 1.0564 0.0283 0.319 0.1380

EC33 1.03000 No Strange 0.003770 1.0592 0.0274 0.420 0.2075

EC34 1.04000 No Strange 0.002093 1.0701 0.0309 0.378 0.2435

EC35 1.05000 No Strange 0.002897 1.0787 0.0331 0.413 0.2660

EC36 1.06000 No Strange 0.002772 1.0889 0.0363 0.426 0.3010

EC37 1.07000 No Strange 0.004988 1.0992 0.0405 0.524 0.3160

ECjg 1.08000 No Strange 0.009187 1.1093 0.0436 0.549 0.3125

EC39 1.09000 No Strange 0.020630 1.1190 0.0481 0.561 0.3330

EC, 1.10000 No Strange 0.033940 1.1286 0.0520 0.525 0.3390

EC« 1.11000 No Strange 0.035444 1.1370 0.0555 0.495 0.3655

ec41 1.12000 No Strange 0.045937 1.1454 0.0577 0.450 0.3990

EC,, 1.13000 No Strange 0.045633 1.1564 0.0617 0.388 0.4045

EQ, 1.14000 No Strange 0.055897 1.1688 0.0662 0.336 0.3975

EC^ 1.15000 No Strange 0.028511 1.1807 0.0676 0.341 0.3805

EC.5 1.16000 No Strange 0.030980 1.1921 0.0692 0.342 0.3815

EC^ 1.17000 No Strange 0.024740 1.2018 0.0711 0.336 0.3875

EC# 1.18000 No Strange 0.026367 1.2141 0.0732 0.328 0.3975

EC^ 1.19000 Yes - - - - - -
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Here the values of the estimate of the largest Lyapunov exponent are
plotted against different degrees of slack incorporated into the standard
for the manager in the group of experiments with EQ, EC22-EC25/ EC31-
EC47.

1—i—i——i—i—i—i—i—i q
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Figure 6.25 X* Vs q (EQ, EC22-EC25, EC31-EC47)

Here the values of the average actual cost are plotted against different
degrees of slack incorporated into the standard for the manager in the
group of experiments with ECi, EC5-EC47.
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Here the values of the standard deviation of the actual costs are plotted
against different degrees of slack incorporated into the standard for the
manager in the group of experiments with EQ, EC5-EC47.
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Here the values of the skewness of the frequency distribution of the actual
cost time series are plotted against different degrees of slack incorporated
into the standard for the manager in the group of experiments with EQ,
EC9-EC4O/ ECi2"EC47.
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Here the values of the proportion of actual cost outcomes which have
values smaller than the standard are plotted against different degrees of
slack incorporated into the standard for the manager in the group of
experiments with EQ, EC5-EC47.
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HE Discussion

Referring to Table 6.8, as q, the degree of slack incorporated into the
standard for the manager increases from 1.001, a period-doubling
bifurcation process occurs. The attractor associated with the actual cost
time series changes according to a sequence of period-1, period-2, period-4,
period-8 closed orbits etc. until it becomes a strange attractor. The chaotic
regime for q is found to be broad range, reigning approximately between
1.01134 and 1.18. One further comment is needed on this route to chaos.

Within a chaotic regime the existence of 'windows', in which odd
periodicities appear first and are then followed by every integer
periodicities, is well reported in literature, see Li and Yorke (1975), May
(1976). Thus, the existence of attractors of period-5, period-3 and period-6
beyond q = 1.01134 adds evidence to the argument that chaotic regime has
been reached.
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The appearances of fixed point, periodic, and strange attractors as the
value of q (note: the senior management determines the standard Cs
which in turn determines q) is varied in a range of values that are
arguably accessible in the real business world means that a 'yes' answer to
Research Question 2 - a deterministic explanation such as has been
provided here could enable managers to modify their control systems so
as to reduce the apparently random fluctuations in the behaviour of the
business variables.

The observed route to chaos through a series of period-doubling
bifurcations also suggests that if everything remains the same the stricter
the standard set by the senior management the more likely it is that the
outcomes are not governed by a strange attractor, in particular outcomes
may become influenced by a fixed point attractor. Although this
conclusion was not in answer to one of the original research questions, it
does shed more light on an important practical issue facing managers, the
setting of of standards. As this result is not counter-intuitive, it may also
serve to increase confidence in the validity of the model.

Figures 6.25 to 6.29 have clearly indicated that q, or the level of standard
set, can control the values of the various statistics of the actual cost time
series.

Allowing for a few minor 'fluctuations' the larger the experimented
value of q the larger iQ up to q = 1.14, then followed by four heavily fallen
X*'s which, however, are larger than those 's for the experimented
values of q up to q = 1.09.

The average actual costs are all approximately 1 to 3% higher than the
corresponding standards for all the experimented values of q. The smaller
the experimented value of q the smaller the average actual cost, with an

optimal level of average cost being approached, see Figure 6.26. In other
words, 'loose' standard is associated with high average actual cost for the
experimented values of q.
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The larger the experimented value of q the larger a* in general. This
means that 'loose' standard is associated with high dispersion of actual
costs for the experimented values of q.

The first three smaller experimented values of q in the chaotic regime is
associated with cost distributions which are negatively skewed. However,
this skewness is insignificant because usually considerable skewness is
thought to be present only when sk* has magnitude greater than 0.5. For
other experimented values of q in the chaotic regime, the associated cost
distributions are all positively skewed, with some of them considerably
skewed. Experimented values of q in the non-chaotic regime are
associated with both positively and negatively skewed cost distributions.
But once again the skewness for each negatively skewed distribution is
not significant.

p* <0.5 for all the experimented values of q. This means that the
manager responsible for the controlled cost item has greater chance of
doing badly than of doing well for theses values. In the chaotic regime, in
general the larger the experimented value of q the larger p*, though this
rule is violated by a few minor 'fluctuations', see Figure 6.29.

Referring to discussion made in Section 6.6 again, the observations made
here about the averages and the skewnesses of the frequency distributions
of the simulated actual cost time series lend support to the claim that the
particular models which are associated with this set of conditions have
plausible validity for reflecting the features of conceivable real world
situations.

Concerning the cases of resignation, some explanations can be suggested.
For q = 0.85 the standard is set so low that the manager easily gets a chance
of perceiving a large unfavourable variance and hence he resigns. This
demonstrates one counter-productive aspect of too tight a standard. For
q = 1.19 the manager perceives an easy situation most of the time and so
he is prone to be poorly activated. However when cost deterioration
originating from a too relaxed level of the managerial performance leads
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to a large unfavourable variance the manager is forced to think that he
cannot turn it around, and resignation results.

6.8 Conclusions

By analysing a simple problem of standard cost control, this chapter has
shown that:

1. there exists a deterministic explanation for the apparently random
behaviour of a controlled cost item,

2. the generation and annihilation of the apparently random behaviour
of a controlled cost item can be determined by the senior management
through its cost standard setting activity.

Thus, the answers to Research Questions 1 and 2 are demonstrated to be

'yes'.

It has shown that there is a similarity between the shapes of the
histograms derived from a chaotic actual cost time series and its three
segments. Thus the chaotic actual cost time series can be considered to
have persistent 'order' from a statistical perspective.

It has also shown that the values of a number of statistics of the actual

cost time series (i.e., the estimate of the largest Lyapunov exponent, the
average, the standard deviation, the skewness of the frequency
distribution, and the proportion of actual cost outcomes which have
values smaller than the standard) vary with the values of a managerially
determined parameter (i.e., the cost standard set). This opens an

opportunity for the senior management to improve the figures of these
statistics.

These results promise that further research may produce eventually a
more solid conceptual foundation for standard cost control than those
presently on offer.
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Despite the abstract and highly simplified nature of the model of the cost
control system of interest, its capability for replicating the qualitative
features of actual cost time series suggested by empirical findings (i.e.,
apparent randomness and those which were discussed at Section 6.6) has
provided evidence to validity of the model (under those parameter
values when the model is simulated).

Finally, it should be emphasized that the analysis in this chapter is not
considered as providing a unique and universal explanation for all
possible fluctuations found in the empirical time series of the actual cost
of a cost item in a standard costing system setting. Rather it is regarded as
one possible approach which may be a useful complement to other
explanations.

133



Chapter 7

Cash Account Balance Behaviour of a Firm

In order to answer Research Questions 1 and 2 stated in Section 1.2 I

proposed to study the simulated behaviour of the cash account balance of
a firm. Here the cash account balance is specifically referred to the
corporate cash account balance.

This chapter argues for my choice of study, presents the fundamental
aspects of the large-scale complex system model of a hypothetical firm and
its environment, gives a sentential description of the model, lists the
major limitations of the model, discusses the issues of computer program
implementation and model validity, and, finally, reports on the
simulation experiments and analyses the results.

7.1 Reasons for Studying the Cash Account Balance Behaviour of a
Firm

The reasons for studying the cash account balance behaviour of a firm are
two-fold.

1. Although no literature has been found to state explicitly that the cash
account balance behaviour of a firm looks rather random, as far as I
know the idea of the possible occurrences of apparently random
fluctuations in the time series of the cash account balance is

acknowledged by the business practitioners.

In addition, some academics investigate the predictive ability of the
operating cash flow of a firm by constructing stochastic models based
on the empirical data. For example, Bowen et al. (1986) and Lorek et al.
(1993) reported their random walk and autoregressive integrated
moving average models respectively. It is argued that at least some of
the empirical time series included in these investigations possess
fluctuations irregular enough to convince some academics to apply
the stochastic modelling technique. Since the operating cash flow of a
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firm normally contributes substantially to the movement of its cash
account balance, the time series of the latter could well exhibit

irregular fluctuations too.

Thus, it is a plausible suggestion that the cash account balance of a
firm may be one such business variable that should be targeted at in a
case study with the aim of providing answers to the research
questions. Moreover, to my best knowledge no chaos protagonists
have reported studies of this business variable in the literature.

2. The top management of a firm and its creditors, especially its bankers,
generally desire to see that the cash account balance is under effective
control.

An out-of-control cash account balance may lead to a liquidity crisis,
which could be a fatal one to the firm, for the consequences of running
out of cash tend to be sharp and nasty. Thus it has been suggested that
the cash management function of a firm should be taken care of
seriously.

Broadly speaking the cash management function has the responsibility
to plan, mobilize and control the firm's cash resources. But
sometimes, even in firms which do take cash management seriously,
they can still have the unpleasant experience of seeing the cash
account balance running out of control unexpectedly. To their finance
managers, keeping effective control of the cash account balance is just
not an easy task.

One explanation of the difficulty in keeping effective control of the
cash account balance is that cash management is not a stand-alone
function, cash account balance is in fact heavily influenced by a

complex causal web spanning over the whole organizational structure
and the environment of the firm.
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Everyday cash management does pay great attention to the amounts of
cash flowing into and out of the firm and tries to exercise direct
control over payments and receipts, but comparatively little attention
has been directed to the effects of the control systems operating in
various parts of the firm on the cash account balance behaviour.
However some academics are alert to this issue, for example Lowe and
Puxty (1989) suggest that "control problems interrelate in such a way
that action to improve control in one area of the organization will
almost certainly have repercussions on other aspects of the
organization."

If it is accepted that such a complex causal web exists, then the issue of
the relative influences of the exogenous and endogenous causes of the
cash account balance behaviour deserves some discussion. Usually the
management of a firm in cash shortage crisis tends to put more blame
on the exogenous causes, such as an unexpected rise of interest base
rate, a sudden contraction of market size or recession etc. Without

discounting the possible importance of these exogenous causes, it can
be speculated that the endogenous causes are not insignificant because
these causes are potentially under more direct management control.
Thus they deserve considerable attention.

7.2 Fundamental Aspects of the Large-Scale Complex System Model of
a Hypothetical Firm and Its Business Environment

After an initial literature search, I judged that there were no extant
models which could be used directly for the purpose of this study. Thus, I
decided to build my own model.

7.2.1 The Modelling Process

In the conceptualization phase of abstracting the real world situations of a
certain class of firms into a system model which reflects the generic
structure of them, the internal workings of the firms and their
relationships with the environment were examined by consulting the
business knowledge and extant models found in the literature. The
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sources found to be of particular value were Amey (1979) who provides a

survey of the theoretical aspects of budgetary systems; Shillinglaw (1967)
and Anthony and Welsch (1974) and Drury (1988) who present the
practical aspects of budgetary systems; Mattessich (1964) and Naylor et al.
(1966) and Shelton and Bailes (1986) who illustrate the building of a
budget simulation model for application purpose; Samuels et al. (1990)
who discuss the general aspects of company finance management; Pitcher
(1979) and Bangs (1989) who introduce the practical aspects of cash
planning and control. Cyert and March (1963) and Bonini (1967) who
describe corporate models in the paradigm of the behavioural theory of
the firm; Forrester (1961) and Lyneis (1974) and Shehata (1976) who
discuss corporate models in the paradigm of system dynamics.

The direction of idealization which guided the formation of the system
model was to represent a clockwork-like operating firm. This is justified
by the purpose of this research, which is supposed to demonstrate that a
firm which is under 'rational' control to a good extent under certain
conditions may still exhibit chaotic systemic behaviour.

Once the rudimentary framework of this conceptual model is ascertained,
the subsequent mathematical realization follows a purely pragmatic style.
The guiding question is: can this piece of mathematical model construct
ensure a good representation of a quantity of interest in the conceptual
model in such a way that the resulting overall mathematical model
becomes more logically organized and at the same time is still feasible for
simulation program implementation?

The step of writing down an overall mathematical model had been by¬
passed. Instead, the diagrammatic model and the mathematical
realization and the simulation model were developed at the same time.
This was done by working visual-interactively with the computer
through the simulation software STELLA II. Thus the diagrammatic
model and the mathematical realization were expressed from the very
first instant by the STELLA II simulation language.

137



I argue that it is a pragmatic tactic for developing a large and complicated
model. This is because it may help me to probe any problems relating to
the feasibility of program implementation at an early stage. For example if
I choose to represent my conceptual model by writing down a list of
thousands of purely mathematical expressions without caring about the
feasibility of the subsequent program implementation, I may end up with
frustration just because I find that my painstakingly built mathematical
model cannot be implemented by any simulation languages within my

grasp or at my disposal.

However it is admitted that there is a drawback in employing the above
tactic, that although the equation orientated nature of the STELLA II
simulation language allows the program to possess a mathematical-
model-like structure, it is usually impossible to recognize a state-space
model in a neat mathematical form, like that given in Section 6.4, from
the resulting source code program. In such a simulation model the
conceptual constructs and the characteristics of the software language are

by necessity mingled and twisted subtly together. Because of the time
constraint on this research I did not attempt to distil a state-space model
in a neat mathematical form from the source code program. Nonetheless
a discrete time state-space model is argued to be embodied in the
simulation model, though it is envisaged that a formal analysis of the
mathematical structure of this state-space model is viciously hard to carry
out.

7.2.2 An Overview of the Conceptual System Model

The type of firm I have tried to bear in mind is one which is privately
owned and engages in the mass production of a single product
(henceforth this product is termed as 'widget') with manufacturing
technology remaining practically unchanged. This firm also employs a

budgetary system to plan for and to achieve its objectives. Published data
on this type of firm are generally available and the reader does not need
to have specialized knowledge about any particular industry in order to
understand the workings of such firm.
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Although many aspects of this hypothetical firm are idealized and
simplified, some specific and concrete assumptions are needed to enhance
its realism, and hence its comprehensibility. It follows that the firm
described below serves more as an illustration than a generalization.

The firm is viewed as consisting of physical assets and various internal
functional groupings. It also has to deal with a number of functional
groupings in its business environment. There exists a network of
interdependence and interactions among the physical assets and the
internal and environmental functional groupings. This network is
mainly operated by the information flows, the making of decisions and
the economic flows. The latter involve both physical and monetary
quantities.

Generally speaking the firm (i) forms plans based on estimates of the
various business variables and parameters; (ii) implements plans, hence
costs are incurred, goods produced and sales made; and (iii) controls by
asking for the compliance of the results of actual operations to the budgets
and cost standards.

7.2.2.1 Time

Since I doubt whether it is feasible to put the firm in an arbitrary initial
state, which requires the assumption that the firm can have a plausible
existence at any point of the state space, for such a complex system model,
I decided to consider the activities of a firm from the very beginning of its
history, which is, 16 weeks before the first budget year of the firm.

The life of the firm is basically characterized by consecutive budget years.
Each budget year is numbered and it has 12 months. Each month is
numbered and it consists of 4 weeks. Each week is numbered and within

each week, there are finer temporal concepts expressed by 'at the
beginning of week'; 'during the week'; and 'at the end of the week'
respectively. The time index k is also used to describe the chronological
order of the various weeks the firm has gone through. For example, the
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16th week before the first budget year of the firm is indexed by k = -16 and
is denoted by Week -16; the 1st week of the first budget year is indexed by
k = 0 and is denoted by Week 0.

A budget year provides the longest planning and control period for the
firm. An intermediate planning and control period is a quarter. Another
shorter planning and control period is a month. The shortest planning
and control period is a week.

Each financial year of the firm matches exactly with the corresponding
budget year, with the exception that the first financial year includes both
the first 16 weeks of the life of the firm and the first budget year.

When the model is discussed below, usually the scene is frozen to a

particular week in the first place. This particular week is always presented
as 'the current week', and the related concepts of 'the previous week' and
'the next week' may then be logically employed. Sometimes 'the current',
'the previous' and 'the next' are also used to qualify the temporal context
of a longer period like the month, the quarter and the year.

The temporal background of the planning activities of the firm are given
below.

Yearly planning of the capital expenditure budget for the next budget year
has the estimates and budgeted figures finalized and ready for use at the
beginning of the 16th week before the first budget year or at the beginning
of the 33rd week of the current budget year.

Yearly planning of the operating budgets for the next budget year has the
estimates and budgeted figures finalized and ready for use at the
beginning of the 4th week before the first budget year or at the beginning
of the 45th week of the current budget year.

Quarterly planning for the next quarter has the estimates and budgeted
figures finalized and ready for use at the beginning of the 9th week of the
current quarter (equivalently, the 4th week before the first budget year; or
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the 9th week, the 21st week, the 33rd week and the 45th week respectively
of the current budget year), except that for the first quarter which has the
estimates and budgeted figures finalized and ready for use at the
beginning of the 4th week before the this quarter (equivalently, the 16th
week before the first budget year).

Weekly planning has the estimates finalized and ready for use at the
beginning of the current week.

Finally it is worthwhile to notice that the expression 'the opening value
of X of the current week/month/quarter/year' is equivalent to the
expression 'the closing value of X of the previous
week/month/quarter/year'.

7.2.2.2 The Physical Assets and Various Functional Groupings

I. The follow items constitute the physical assets of the firm.

1. The industrial buildings.

2. The plant and machinery.

3. The direct materials stock.

4. The finished goods stock.

II. The internal functional groupings of the firm are as follows.

1. The board of directors.

2. The budget committee.

3. The marketing department.

4. The production department.

141



5. The purchase department.

6. The finance department.

7. The accounting department.

IE. The functional groupings in the business environment of the firm
are as follows:

1. The customer market.

2. The supplier market.

3. The shareholders.

4. The financial market.

5. The auditors.

6. The tax authority.

7.2.2.3 The Budgetary System

The operation of a budgetary system provides the major intra-firm
process which influences the behaviour of the firm as a whole. This
assumption is made because, "the principal overall control system in
most organizations is the budget" (Emmanuel et al., 1990, p. 97), and as

pointed out by Horngren (1981):

A budget is a quantitative expression of a plan of action and an aid to
coordination and implementation. In most cases, the budget is the best practical
approximation to a formal model of the whole organization: its objective, its
inputs and its outputs.

Mattessich (1964, p. 3) also suggests that "the incorporation of typical
budgetary characteristics into management control models may enhance
the usefulness of these models for practical purposes."
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The budget committee is assumed to follow a budget-constrained style in
evaluating the performance of the managers, thus the management
considers the budgets as relevant guides to their decisions and actions.
Therefore there are two complementary driving forces in the firm, (i) the
coordination process necessitated by the master operating budget and (ii)
the behaviour of the management of each department which seeks to
achieve the departmental budget goal.

It is recognized that in most organizations a formal reward system is tied
to the control systems, that is, information from the control systems is
used as a basis for giving rewards and punishments to individuals. It
should be emphasized that it is not necessary that giving rewards and
punishment actually be done for effective control, only that the
subordinate thinks it is being done by his superior. Thus although the
incentive system is not modelled explicitly, it is assumed that it has an

impact on the budgetary system and helps to provide the motivation
mechanism that makes the control system viable. That is, through which
the compliance of actual results with the budgeted figures or the cost
standards becomes a 'possibility'.

It might be pointed out that corporate models built by the system
dynamicists emphasize the planning and control mechanisms of a firm
are best represented by a set of company policies which govern each
decision making for the immediate future. Thus these models do not
include the representation of any budgetary system. The latter as argued
above should not be neglected in modelling firms that are existing in the
present real business world. This 'deficiency' of the system dynamicists'
corporate models has dissuaded me from employing any of them directly
for this study.
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7.2.2.4 Some Important Concepts

The following concepts are important to the formation of the system
model.

1. Decision makers:

A decision maker of the firm is a member, or a group, belonging to the
management of the firm. There are many decision makers in the firm.

In the model decision making is considered as the basic element of the
activities of the firm. The effects of a historical decision upon the
current decision making is represented. I also attempted to relate the
informational and behavioural factors to the economic decision

making in the firm.

There is as yet no generally accepted formal theory which relates
informational variables (the what-when-how's of information) to
decision making in the firm. The relationships proposed in this model
should be viewed as suggestive only.

2. Information sources, channels and system:

An information source of the firm is a location where information is

collected, transmitted, stored, analysed, or compiled. The agent who
carries such information related activities is a member, or a group,

belongs to the management of the firm. An example of such agent is
the accounting department of the firm.

Information channels determine the flows of information among
information sources and between the information sources and the

decision makers. In the firm this is a complicated network.

The information system is the complete set of channels of
information within the firm. Thus it is the information network in

totality. The information system helps to coordinate the decision
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making and actions of the management, which in turn affect the
economic performances of the business variables.

In the model I have confined myself to information communicated in
the formal channels for the sake of simplicity. Such information is
supplied for example by the information sources like the accounting
and marketing and production data bases. It might be pointed out that
this ignores the importance of informal information flows and their
uses in the decision making in organizations. However, this
assumption is necessary because no simple system model of this order
could embrace the complexities of a real firm's formal and informal
information flows.

3. Decision rules:

Given the decision premises, i.e., the information of the actuals and
estimates of the decision variables, a decision maker acts according to a

specific evaluating procedure which is called a (or a set of) decision
rule(s).

I have relinquished the optimization approach in modelling the
decision rules, and limited myself to 'satisficing' procedures. (Simon,
1957, Chapter 14) This is thought to provide a more realistic picture of
the organizational decision making in which optimization is rarely
encountered.

In the model the decision rules often take the form of simple rules of
thumb, for example to decide on buying and selling of the short term
investments, and at times they take the form of more complicated
inference mechanisms, for example to decide on the monthly sales,
production and closing stock budgets, and to decide on the tax
allowance related to capital expenditure.

The decision makers in the model are as an abstraction represented by
the decision rules they use when handling their organizational tasks.
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4. Revelation of 'the actual values of a class of basic cost-measures' by
'Nature':

A basic cost-measure in the system model refers to one which is not an
aggregate of other cost-measures that appear in the model.

Imagine that (i) a human agent in the system model perceives some

value, say 'e', of a particular basic cost-measure, X, for the forthcoming
operations of the firm and calls this value the estimation or

standard/budget or planned value, and that (ii) 'Nature' reveals
eventually the actual value of X in the operations, say 'a'. I suggest that
'a' can be related to 'e' by a value, say'm', of a coefficient called 'actual
X multiplier'. This multiplier is viewed by me as a primitive concept
that represents the 'actual-telling mechanism' of 'Nature'.
Mathematically the relationship of these values is expressed by:

a = m * e

'a' is regarded as dependent on'm' and 'e'. Although the value'm' is
determined by 'Nature' conceptually, in a simulation run it is in fact
set by me. This is because technically speaking the 'actual X multiplier'
is an exogenous variable of the system model.

As an illustration consider the following equation taken from the
mathematical realization of the system model:

ActualUnitDirectMaterialsQuantity =

ActualUnitDirectMaterialsQuantityMultiplier*
CBY_StandardDirectMaterialsQuantity

Here 'UnitDirectMaterialsQuantity' is a basic cost-measure, the value
of 'CBY_StandardDirectMaterialsQuantity' is the cost standard set by
the budget committee, the value of
'ActualUnitDirectMaterialsQuantity' is the actual cost revealed by
'Nature', the value of 'ActualUnitDirectMaterialsQuantityMultiplier'
represents the 'actual-telling mechanism' of the 'Nature'.
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5. Feedback:

The first step I took in the modelling process was to put the various
business functions (as departments) and the master operating budget
which guides and coordinates their individual activities in the centre
stage without caring to identify all the feedback loops explicitly.
However, certain feedback loops were soon seen as necessary system
relationships to be represented as the modelling process progressed.

6. Category-transfer-mechanism:

The concept of 'category-transfer-mechanism' is applied frequently to
represent the ageing-retiral process of various classes of items like
industrial buildings, plant and machinery, stocks, term loans, accounts
receivable and payables. This mechanism refers to (i) items of the
same class are categorized according to their age ranges and to
(ii) items which after staying in one age-range-category for a specified
period of time, if not taken out by a withdrawal process, are transferred
to the next 'older' age-range-category. The 'oldest' age-range-category is
called the 'retiral-category' and items which fall into it are assumed to
have no influence on the activities of the system model.

7. 'Exponential smoothing' procedure:

The 'exponential smoothing' procedure which operates on the actual
values of a variable, X, is used frequently to represent either (i) an
information processing procedure employed by a decision maker in an

attempt to detect the underlying and significant changes in the values
of X while ignoring the supposed-to-be-meaningless fluctuations or

(ii) the weighted average of 'the memory of a process'. This
exponential smoothed value of X, Xs, is represented in the system
model as:

XS(K) = a * X(K) + (1 - a) * XS(K-1),

where a is the smoothing parameter. The time interval represented by
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the difference between the time indices K-l and K can be one month,
one week etc, depending on the context of Xs in the system model.

7.3 Model Description

This section gives a qualitative (sentential) description of the system
model with the aim of keeping the model generally 'understandable'. It
concentrates on the ideas behind the vital features of the 'dynamics' and
functions of the major model sub-systems. The physical assets, the
functional groupings, the information flows, the decision making
processes, and the economic flows will be presented and discussed. It is
hoped that the principal assumptions of the model are stated clearly
enough here that they can be exposed to criticism. Some of these
assumptions are referred to the literature on business practice.

The nomenclature, the diagrammatic representation and the
mathematical realization (in a simulation format) of the model are given
in Appendices 6, 7 and 8 respectively. The technical details involved are
far less simple, but they make the workings of the fine structures of the
model more transparent. The reader may also find Appendix 1 useful to
the understanding of the diagrams and equations appearing in
Appendices 7 and 8 respectively. If the reader is interested in
understanding the simulation model completely a mastery of the
STELLA II simulation language which is detailed in the handbooks of
STELLA II (Richmond et al., 1990) is recommended.

Wherever appropriate, at the beginning of the sub-sections below the key
equations of the mathematical representations of the model sub-systems
to be discussed are referred to the corresponding parts in Appendix 8. As a

reminder, the headings employed in Appendix 8 can be found in the
Table of Contents.

In order to avoid tedious repetition, most of the time I choose to omit the
introductory phrase "it is assumed that ..." when describing the 'assumed'
relationships of the system model.
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7.3.1 The Industrial Buildings

Key equations of the mathematical representation of the industrial
buildings sub-system are given in p. 431 of Appendix 8.

The size of the industrial buildings is described by their floor spaces.

At the beginning of the 16th week before the first budget year or at the
beginning of the 33rd week of the current budget year, a decision of the
size of the new industrial buildings to be acquired in the next budget year
is made by the budget committee. The order is placed in the following
week and the new industrial buildings become available at the beginning
of the first week of the next budget year and they have a lease-hold period
of 40 years. The payment of the industrial buildings is made in the 1st
week of the current budget year.

7.3.2 The Plant and Machinery

Key equations of the mathematical representation of the plant and
machinery sub-system are given in pp. 431-432 of Appendix 8.

The size of the plant and machinery is described by an integral number of
'plant and machinery units', each of which forms a self-contained
production facility like a production line. The larger the size of the plant
and machinery the larger the production capacity of the firm. The latter is
expressed by the potential average weekly machine hours of the firm.

Items of the plant and machinery are classified according to their age
ranges, from between 0 to 1 year up to between 9 to 10 years. Their ageing-
retiral process is represented by the category-transfer-mechanism. Plant
and machinery items retire from the production operations according to a
first-in-first-out policy.

At the beginning of the 16th week before the first budget year or at the
beginning of the 33rd week of the current budget year, a decision of the
size of the new plant and machinery to be acquired in the next budget year
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is made by the budget committee. The order is placed in the following
week and the new plant and machinery become available at the
beginning of the first week of the next budget year and they provide a
utilization period of ten years. The payment of the plant and machinery is
made in the 7th week of the current budget year.

7.3.3 The Board of Directors

Key equations of the mathematical representation of the board of
directors sub-system are given in p. 479 of Appendix 8.

The dominant shareholders and some other salaried personnel formed
the board of directors. A summary of the major functional activities it
carries out is given below.

1. To do the strategic planning of the firm.

2. To oversee the budget committee and to ratify the yearly capital
expenditure and master operating budgets.

3. To issue the yearly financial statements.

4. To set yearly the dividend policy.

7.3.4 The Budget Committee

Key equations of the mathematical representation of the budget
committee sub-system are given in pp. 432-461 of Appendix 8.

The budget committee is composed of a number of board directors, the
managing director is definitely an included member. It works on the
corporate planning and control of the firm. Its day-to-day operations are

supported by the corporate planning and accounting and industrial
engineering staff. A brief summary of the major functional activities it
carries out is given below.
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1. To make the capital expenditure decisions, see Sub-sections 7.3.1 and
7.3.2.

2. To set the cost standards for the standard costing system.

3. To decide on a master operating budget, with monthly details, for the
next budget year based on a set of 'satisficing' decision rules.

4. To set the unit price of the widget.

5. To review quarterly the estimates and budgeted figures.

6. To exercise control (including coordination) over the various
departments.

In the following the important aspects associated with this model sub¬
system are described in detail.

The budget committee makes satisficing but not optimizing decisions
when doing the budgetary planning. It only intends to achieve a

satisfactory level of sales, costs and profit.

The budget committee is in favour of a budget-constrained style of
management and its philosophy is to set the budgets and cost standards
which are "tight yet probably attainable". It regards the budget control
period as one month, i.e., the managers of the marketing, production and
purchase are held responsible for the performances of their respective
monthly budgets. The control device of the budget committee is the
monthly budget variance which generates pressure (because a reward and
penalty system is linked to this variance) that forces the manager
concerned to perform according to the monthly budget. However, the
budget committee does not possess 'absolute authority', it does not
intervene the departmental managers' monthly or weekly planning
activities. Thus the managers of the various departments are allowed to
have certain degree of autonomy (private agenda) so that they can be
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flexible enough (within certain limits) to handle their contingent
situations and to protect their own self-interests.

Although the budget committee does not apply variance control to the
finance manager it expects him to finance the operations of the whole
firm properly.

The two following sub-sections depict the operational facets of the
committee's yearly and quarterly budgetary planning processes

respectively.

7.3.4.1 Yearly Budgetary Planning

At the beginning of the 4th week before the first budget year or at the
beginning of the 45th week of the current budget year, the budget
committee decides on the master operating budget and the costs structure
for running the firm for the next budget year. The details of this planning
procedure are described below.

1. Unit sales, production and purchase budgets:

The maximum yearly widget orders and the weekly normal
production and the opening finished goods stock for the next budget
year are first estimated by the corporate planning staff with the
assistance of the marketing and production managers.

The maximum yearly widget orders for the first budget year is a pure

guess, and for subsequent years it is derived from the exponential
smoothed weekly widget orders (which then multiplied by 48) and an

adjustment which allows for a higher/lower expectation on the
performance of the marketing department.

The weekly normal production is derived from the estimated
potential average weekly machine hours, the standard machine hours
and an adjustment which allows for some slack for the production
department to manoeuvre.
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The opening finished goods stock for the first budget year is by
necessity 0, and for subsequent years it is estimated by the closing
finished goods stock for the current budget year.

A preliminary estimate of the unit sales that the firm can make for the
next budget year is then made based on the above three figures. This
yearly aggregate estimate is again broken down into more manageable
monthly detail by considering the following constraining factors.

a. The monthly seasonality factor estimates for each month of the
next budget year.

b. The monthly normal production estimate for the next budget year.

c. The minimum monthly production policy for the next budget year.
This policy is defined to be the desired minimum size of
production over the monthly normal production estimate for any
particular month within the next budget year.

d. The opening finished goods stock policy for the next budget year.
This policy is defined to be the size of the desired opening finished
goods stock over the unit sales budget for any particular month
within the next budget year, and is between 0 and 1.

This planning procedure involves the determination of the budgets of
monthly unit sales, monthly production and monthly closing
finishing goods stock altogether. In general this procedure seeks to
budget as much monthly sales as possible but has to regard the
constraints imposed by the above four constraining factors.

The budget committee has to guess the possible unit sales of the first
two months of the year following the next budget year and the
monthly normal production estimate and the minimum monthly
production policy and the opening finished goods stock policy for the
year following the next budget year.
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This planning procedure leads to a budgeted figure of zero for the unit
sales of the first month of the first budget year. This can be explained
by the fact that the opening finished goods stock of the first budget year
is zero and the unit sales of this month is sacrificed to the building up
of stock so that the opening finished goods stock policy could be
satisfied in subsequent months.

The budgets of monthly direct materials consumption, monthly direct
materials purchase and monthly closing direct materials stock are
derived basically from the estimate of the opening direct materials
stock and the monthly production budgets and the standard direct
materials quantity and the opening direct materials stock policy for the
next budget year. The latter is defined to be the size of the desired
direct materials stock over the direct materials consumption budget
for any particular month within the next budget year, and is between 0
and 1.

The budget committee also has to guess the standard direct materials
quantity and the opening direct materials stock policy for the year

following the next budget year.

2. The costs structure:

The costs are dichotomised according to whether they are

fixed/variable, direct/indirect, unit/total, manufacturing/non-
manufacturing etc. Individual costs are then aggregated under one or
other broad heading and the relevant cost standards or estimates are
obtained.

The following six cost items constitute the unit variable
manufacturing cost and are controlled by a standard costing system.

a. Unit direct materials quantity.

b. Direct materials price.
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c. Unit direct labour hours.

d. Direct labour wage rate.

e. Unit machine hours.

f. Variable manufacturing overhead rate.

The following three cost items constitute the unit variable non-

manufacturing overhead.

a. Unit carriage cost.

b. Unit sales commission cost.

c. Unit other variable non-manufacturing overhead.

For the first budget year, the standard/estimate of any of the above
unit cost items is decided by a guess, for the subsequent budget years it
is decided by choosing the minimum value between the
standard/estimate of the cost item of the current budget year and the
adjusted exponential smoothed actual value of the cost item. The
above decision procedure represents an information feedback process.
Once the standards and estimates of these unit cost items are decided

for the next budget year, it will not be changed when the time comes.

Based on the monthly unit sales budgets, monthly production budgets,
monthly direct materials purchase budgets and the
standards/estimates of the unit cost items, monthly budgets of direct
materials purchase expenses, direct labour expenses, variable
manufacturing overhead expenses, carriage expenses, sales
commission, and other variable non-manufacturing overhead
expenses are decided.
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The following three cost items constitute the fixed manufacturing
overhead.

a. Manufacturing depreciation.

b. Manufacturing salaries.

c. Other fixed manufacturing overhead expenses.

The following seven cost items constitute the fixed non-

manufacturing overhead.

a. Non-manufacturing depreciation.

b. Bad debts expenses.

c. Non-manufacturing salaries.

d. Promotion expenses.

e. Cash discount taken in sales expenses.

f. Interests expenses.

g. Other fixed non-manufacturing overhead expenses.

Estimates of some of the overhead items are first made on a yearly
basis and then divided evenly into a monthly basis. Estimates of the
rest of the overhead items are first made on a monthly basis, and they
may be aggregated into a whole year sum. The estimates of
manufacturing depreciation and non-manufacturing depreciation are
based on the depreciation charge on the fixed assets. The estimates of
manufacturing salaries and other fixed manufacturing overhead
expenses are based on the assumed relationship between the
respective cost item and the budgeted production. The estimates of
non-manufacturing salaries and other fixed non-manufacturing
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overhead expenses are based on the assumed relationship between the
respective cost item and the budgeted unit sales. The estimates of bad
debts expenses, promotion expenses, cash discount taken in sales
expenses, and interests expenses are straightforward guesses.

3. Pricing:

The budget committee decides on the quoted unit price of the widget
of the next budget year so that adequate profit margin is ensured. Once
this quoted unit price of the widget is decided, it will not be changed
when the time comes.

4. Estimation of income:

The following three items constitute the income.

a. Sales.

b. Short term investments interest.

c. Cash discount taken in direct materials purchase.

Estimates of the income items are made on a monthly basis, and they
may be aggregated into a whole year sum. The estimate of sales is
based on the unit sales budgets and the quoted unit price of the widget.
The estimate of the short term investments is a straightforward guess.
The estimate of the cash discount taken in direct materials purchase is
based on the direct materials purchase expenses budgets and the
estimated ratio of direct materials cash discount purchase and the
estimated cash discount rate of direct material purchase.

5. Estimation of profits:

The budget committee consolidates the income and costs (expenses)
for the next whole budget year and arrives at the estimates of the
following kinds of profit.
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a. Gross profit.

b. Operating profit.

c. Depreciation deducted before tax accounting profit.

d. Depreciation deducted before corporation tax accounting profit.

e. Depreciation non-deducted before capital allowance profit.

Cash budgets are not prepared at the yearly budgetary planning but are
prepared, with weekly details, at the quarterly budgetary planning.

7.3.4.2 Quarterly Budgetary Planning

The budget committee revises quarterly the budgets, the minimum
monthly production and some elementary estimates of the last month of
the current quarter and all three months of the next quarter and makes
them available for use at the beginning of the 9th week of the current
quarter (equivalently, the 4th week before the first budget year; or the 9th
week, the 21st week, the 33rd week and the 45th week respectively of the
current budget year), except that for the first quarter which has those
figures ready for use at the beginning of the 4th week before the this
quarter (equivalently, the 16th week before the first budget year). The
examples of the elementary estimates are: direct materials purchase cash
discount rate, cash discount sales ratio, and collection fractions of
accounts receivable items of different age ranges.

At the same time the budget committee also revises some elementary
policies for all three months of the next quarter. For example direct
materials cash discount purchase ratio, payment fractions of direct
materials accounts payable items of different age ranges, and sales cash
discount rate.

The budget committee is determined to achieve the yearly budgeted
figures for unit sales, closing finished goods stock and closing direct
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materials stock for each month, thus the quarterly revised budget figures
of these three items are always the same as the yearly budgeted figures. On
the other hand the production and direct materials purchase budgets are
in general revised to new figures according to the current information of
finished goods and direct materials stocks available while the minimum
monthly production is kept unchanged.

As a coordination strategy the budget committee advises the marketing,
production and purchasing managers to carry out their activities within
every month in a 'smooth way' when striving for their respective
monthly budgets.

The corporate planning staff use the quarterly revised budgets and an
assumed smooth operation scenario and the set of standards and
elementary estimates to predict the outcomes of the business activities,
especially the cash budgets associated with the various cash flows and the
cash account balance of the forthcoming 16 weeks. The smooth scenario
refers to unit sales being made evenly among the four weeks within each
month, and the production and purchase operations are also evened out
correspondingly.

The information derived from the above prediction activity is
particularly useful to the top management, the finance manager and the
bank who want to know what would happen to the financial position of
the firm in the next few months.

7.3.5 The Marketing Department

Key equations of the mathematical representation of the marketing
department sub-system are given in pp. 461-463 of Appendix 8.

There is a marketing manager who is held directly responsible to its
operating activities and is accountable to the budget committee. This
marketing manager manages a number of sales representatives. Each
sales representative works on a district of customers. The department is
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served by the accounting department. A brief summary of the major
functional activities it carries out is given below.

1. To assist the corporate planning staff in estimating the unit sales for
the next whole budget year.

2. To plan weekly (at the beginning of the week) the shipment of
finished goods with an aim of achieving the monthly unit sales
budget.

3. To requisition finished goods from the production department.

4. To recruit new customers and keep contacts with the recruited
customers.

5. To deliver the ordered finished goods to the customers.

In the following the important aspects associated with this model sub¬
system are described in detail.

1. Monthly and weekly planning procedures:

At the beginning of the first week of the current month the manager
obtains the information of 'the monthly unit sales true variance ratio'
of the previous month by subtracting his unit sales target of the
previous month from the actual unit sales of the previous month and
then by dividing this 'true variance' by the unit sales budget of the
previous month. The manager's unit sales target of the previous
month is used, instead of the unit sales budget of the previous month,
in calculating the 'true variance' because he wants to take into account
the effect of the adjustment he made to the unit sales budget of the
previous month.

The manager obtains the exponential smoothed, up to and including
the previous month, value of this true variance (henceforth
SMUSTVR) by employing a smoothing parameter (henceforth
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MUSTVRSP). SMUSTVR is regarded by the manager as representing
the trend of the monthly unit sales performance and serving as a

predictor of the potential unit sales performance of the current month.
In general the manager multiplies an adjustment multiplier
(henceforth CMUSTAM) to the current month's budget to derive a

target which incorporates a precaution component. The way the value
of CMUSTAM is determined by the value of SMUSTVR is as follows.

a. If SMUSTVR is smaller than or equal to a certain caution limit
(which is negative in value), then the manager regards this as

signalling the current month's unit sales performance is going to
move off the budget at an unacceptable level. He sets the value of
CMUSTAM, in general, to '1 plus the absolute value of SMUSTVR'
but he also observes that this value must be restricted by an upper
bound value (henceforth CUSTAMUB). The latter means that in
case '1 plus the absolute value of SMUSTVR' is greater than or

equal to CUSTAMUB the value of CMUSTAM is CUSTAMUB.

b. If SMUSTVR is greater than the above caution limit, the manager

regards this as signalling the current month's unit sales
performance is going to be close to the budget at an acceptable level.
He sets the value of CMUSTAM to 1.

For the manager this target is a tactical one. What he believes is that
the precaution component in the target may offset the undesired
potential movement of the trend of unit sales performance, and,
eventually the overall effect revealed by 'Nature' will bring the actual
unit sales close to the budgeted figure. This manager's target in fact
serves as an input variable to the process of achieving the firm's
budget goal. The manager's corrective action can be viewed as being in
accord with the principle of 'feedforward control' which is stated by
Emmanuel et al. (1990, p. 13) as follows.

... predictions are made of what outputs are expected to be at some future
time. If these expectations differ from what is desired at that time, control
actions are implemented that will minimize these differences.

161



At the beginning of the current week the marketing manager decides
on the target of unit sales of this week based on the following
considerations.

a. To use the target of unit sales of the current month in this
planning decision.

b. To smooth the unit sales operations over the current month.

2. Plan to action:

Based on the target of unit sales of the current week, at the beginning
of the week the manager notifies the production department that
amount of finished goods thought to be required. He also tries to
influence the sales representatives to do their job during the week.

The size of the widget orders incoming in the current week is the
product of 'the average widget orders placed by an average customer
per week' and 'the sum of the remaining loyal customers size and the
newly recruited customers size during the current week'.

The actual unit sales of the current week (and of the current month) is
determined by the actual availability of the widget orders and the
finished goods.

3. Widget orders backlog:

The widget orders backlog can only be that between 0 and 1 week old.
The orders backlog is filled before the orders of the current week.

7.3.6 The Production Department

Key equations of the mathematical representation of the production
department sub-system are given in pp. 463-466 of Appendix 8.
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There is a production manager who is held directly responsible to its
operating activities and is accountable to the budget committee. The
production manager manages a number of foremen. Each foreman
manages the production activities of a number of production lines, thus
he is also held directly responsible for the performance of the standard
cost items. The department is served by the accounting department. A
brief summary of the major functional activities it carries out is given
below.

1. To assist the corporate planning staff in estimating the production
capacity for the next budget year.

2. To plan weekly (at the beginning of the week) the production with the
aim of achieving the monthly closing finished goods stock budget.

3. To requisition direct materials from the purchase department.

4. To manufacture the widget.

5. To issue the requisitioned finished goods to the marketing
department.

In the following the important aspects associated with this model sub¬
system are described in detail.

1. Monthly and weekly planning procedures:

At the beginning of the first week of the current month the
production manager obtains the information of 'the monthly closing
finished goods stock true variance ratio' of the previous month by
subtracting his closing finished goods stock target of the previous
month from the actual closing finished goods stock of the previous
month and then by dividing this 'true variance' by the closing finished
goods stock budget of the previous month. The manager's closing
finished goods stock target of the previous month is used, instead of
the closing finished goods stock budget of the previous month, in
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calculating the 'true variance' because he wants to take into account
the effect of the adjustment he made to the closing finished goods
stock budget of the previous month.

The manager obtains the exponential smoothed, up to and including
the previous month, value of this true variance (henceforth
SMCFGSTVR) by employing a smoothing parameter (henceforth
MCFGSTVRSP). SMCFGSTVR is regarded by the manager as

representing the trend of the monthly closing finished goods stock
performance and serving as a predictor of the potential closing
finished goods stock performance of the current month. In general the
manager multiplies an adjustment multiplier (henceforth
CMCFGSTAM) to the current month's budget to derive a target which
incorporates a precaution component. The way how the value of
CMCFGSTAM is determined by the value of SMCFGSTVR is as
follows.

a. If SMCFGSTVR is smaller than or equal to a certain caution limit
(which is negative in value), then the manager regards this as

signalling the current month's closing finished goods stock
performance is going to move off the budget at an unacceptable
level. He sets the value of CMCFGSTAM, in general, to '1 plus the
absolute value of SMCFGSTVR' but he also observes that this

value must be restricted by an upper bound value (henceforth
CFGSTAMUB). The latter means that in case '1 plus the absolute
value of SMCFGSTVR' is greater than or equal to CFGSTAMUB
the value of CMCFGSTAM is CFGSTAMUB.

b. If SMCFGSTVR is greater than or equal to a certain caution limit
(which is positive in value), then the manager regards this as

signalling the current month's closing finished goods stock
performance is going to move off the budget at an unacceptable
level. He sets the value of CMCFGSTAM, in general, to '1 minus
the absolute value of SMCFGSTVR' but he also observes that this

value must be restricted by a lower bound value (henceforth
CFGSTAMLB). The latter means that in case '1 minus the absolute
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value of SMCFGSTVR' is smaller than or equal to CFGSTAMLB
the value of CMCFGSTAM is CFGSTAMLB.

c. If SMCFGSTVR falls within the above two caution limits, the

manager regards this as signalling the current month's closing
finished goods stock performance is going to be close to the budget
at an acceptable level. He sets the value of CMCFGSTAM to 1.

For the manager the target is a tactical one. What he believes is that
the precaution component in the target may offset the undesired
potential movement of the trend of closing finished goods stock
performance, and, eventually the overall effect revealed by 'Nature'
will bring the actual closing finished goods stock close to the budgeted
figure. This manager's target in fact serves as an input variable to the
process of achieving the firm's budget goal. The manager's corrective
action can be viewed as being in accord with the principle of
'feedforward control' (referenced at Sub-section 7.3.5).

At the beginning of the current week the production manager decides
on the target of production of this week based on the following
considerations.

a. To meet the request for finished goods for the current week from
the marketing department.

b. To maintain the monthly minimum production level.

c. To use the target of closing finished goods stock of the current
month in this planning decision.

d. To smooth the production operations over the current month.

2. Plan to action:

Based on the target of production of the current week, at the beginning
of the week the manager notifies the purchase department that
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amount of direct materials thought to be required. He also tries to
influence the foremen to do their job during the week. The
production process is assumed to be such that there is no work-in-
progress left at the end of the current week.

The actual production of the current week (and of the current month)
is determined by the actual availability of the direct materials and the
actual production activity. The latter is reflected by the performances
of (i) the unit direct materials quantity, (ii) the potential average
weekly machine hours, and (iii) the unit machine hours. Other
production factors are assumed to be imposing no constraining effects
on the production activity.

The actual closing finished goods stock of the current month is
determined by the actual production and the actual shipment of
finished goods.

3. Finished goods stock:

Items of the finished goods stock are categorized according to their age
ranges, from between 0 to 1 week up to between 11 to 12 weeks. Their
aging process is represented by the category-transfer-mechanism. Stock
items of different age ranges are shipped (or say, withdrawn) and
valuated according to a first-in-first-out policy. It is expected that stock
items will not be older than 12 weeks.

7.3.7 The Purchase Department

Key equations of the mathematical representation of the purchase
department sub-system are given in pp. 466-468 of Appendix 8.

There is a purchasing manager who is held directly responsible to its
operating activities and is accountable to the budget committee.The
purchase manager manages a number of purchase representatives. Each
purchase representative manages a pool of suppliers, thus he is also held
directly responsible for the performance of the price of the direct materials
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bought. The department is served by the accounting department. A brief
summary of the major functional activities it carries out is given below.

1. To plan weekly (at the beginning of the week) the size of the orders for
direct materials in order to achieve the monthly closing direct
materials stock budget.

2. To order direct materials from the suppliers.

3. To exploit the supplier market such that a good price (without giving
up quality) of direct materials is obtained.

4. To issue the requisitioned direct materials to the production
department.

In the following the important aspects associated with this model sub¬
system are described in detail.

1. Monthly and weekly planning procedures:

At the beginning of the first week of the current month the purchase
manager obtains the information of 'the monthly closing direct
materials stock true variance ratio' of the previous month by
subtracting his closing direct materials stock target of the previous
month from the actual closing direct materials stock of the previous
month and then by dividing this 'true variance' by the closing direct
materials stock budget of the previous month. The manager's closing
direct materials stock target of the previous month is used, instead of
the closing direct materials stock budget of the previous month, in
calculating the 'true variance' because he wants to take into account
the effect of the adjustment he made to the closing direct materials
stock budget of the previous month.

The manager obtains the exponential smoothed, up to and including
the previous month, value of this true variance (henceforth
SMCDMSTVR) by employing a smoothing parameter (henceforth
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MUSTVRSP). SMCDMSTVR is regarded by the manager as

representing the trend of the monthly closing direct materials stock
performance and serving as a predictor of the potential closing direct
materials stock performance of the current month. In general the
manager multiplies an adjustment multiplier (henceforth
CMCDMSTAM) to the current month's budget to derive a target
which incorporates a precaution component. The way how the value
of CMCDMSTAM is determined by the value of SMCDMSTVR is as
follows.

a. If SMCDMSTVR is smaller than or equal to a certain caution limit
(which is negative in value), then the manager regards this as

signalling the current month's closing direct materials stock
performance is going to move off the budget at an unacceptable
level. He sets the value of CMCDMSTAM, in general, to '1 plus the
absolute value of SMCDMSTVR' but he also observes that this

value must be restricted by an upper bound value (henceforth
CDMSTAMUB). The latter means that in case '1 plus the absolute
value of SMCDMSTVR' is greater than CDMSTAMUB or equal to
the value of CMCDMSTAM is CDMSTAMUB.

b. If SMCDMSTVR is greater than or equal to a certain caution limit
(which is positive in value), then the manager regards this as

signalling the current month's closing direct materials stock
performance is going to move off the budget at an unacceptable
level. He sets the value of CMCDMSTAM, in general, to '1 minus
the absolute value of SMCDMSTVR' but he also observes that this

value must be restricted by a lower bound value (henceforth
CDMSTAMLB). The latter means that in case '1 minus the absolute
value of SMCDMSTVR' is smaller than or equal to CDMSTAMLB
the value of CMCDMSTAM is CDMSTAMLB.

c. If SMCDMSTVR falls within the above two caution limits, the

manager regards this as signalling the current month's closing
direct materials stock performance is going to be close to the budget
at an acceptable level. He sets the value of CMCDMSTAM to 1.
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For the manager this target is a tactical one. What he believes is that
the precaution component in the target may offset the undesired
potential movement of the trend of closing direct materials stock
performance, and, eventually the overall effect revealed by 'Nature'
will bring the actual closing direct materials stock close to the budgeted
figure. This manager's target in fact serves as an input variable to the
process of achieving the firm's budget goal. The manager's corrective
action can be viewed as being in accord with the principle of
'feedforward control' (referenced at Sub-section 7.3.5).

At the beginning of the current week the purchase manager decides on
the target of direct materials to be ordered during the current week
based on the following considerations.

a. To meet the request for direct materials for the current week from
the production department.

b. To use the target of closing direct materials stock of the current
month in this planning decision.

c. To smooth the ordering operations over the current month.

2. Plan to action:

Based on the target of direct materials to be ordered during the current
week, the manager orders direct materials from the suppliers through
the purchase representatives. He also tries to influence these
representatives to get a good price of the direct materials without
giving up the required quality.

The suppliers can fill all the direct materials orders placed and that
there is always a one-week delay in the delivery of the direct materials.
Thus the direct materials arrived in the current week is that amount

ordered in the previous week.
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The actual closing direct materials stock of the current month is
determined by the actual direct materials arrived and the actual issue
of direct materials to the production department.

3. Direct materials stock:

There is only one type of direct materials.

Items of the direct materials stock are categorized according to their age
ranges, from between 0 to 1 week up to between 11 to 12 weeks. Their
aging process is represented by the category-transfer-mechanism. Stock
items of different age ranges are issued (or say, withdrawn) and
valuated according to a first-in-first-out policy. It is expected that stock
items will not be older that 12 weeks.

7.3.8 The Finance Department

Key equations of the mathematical representation of the finance
department sub-system are given in pp. 468-482 of Appendix 8.

There is a manager who is held directly responsible to its operating
activities and is accountable to the budget committee. The department is
served by the accounting department. A brief summary of the major
functional activities it carries out is given below.

1. To deal with the bank, like arranging term loans and credit lines.

2. To manage cash, which includes collecting cash from the debtors and
disbursing cash to the creditors and investing surplus cash in the short
term investments market.

In the following the important aspects associated with this model sub¬
system are described in detail.

The finance department can access information about the official plans
made by the budget committee and the other departments. It has no
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authority for its cash management purpose to change the budget figures
of the other departments. This is so because one of the finance manager's
functions is to fulfil the firm's cash needs and cash is always seen as a
slack variable by the budget committee and the other departments. It is
also argued that exercising financial control on the operating activities of
the firm is not a normal management strategy. Usually a firm solves its
financial problems first by using financing vehicles, like loan or overdraft
borrowing or gathering more share capital. When a firm has to to exercise
financial control on the operating activities which are supposed to
generate the major earnings, it has already reached such an acute
financial distress that all the possible financing means have been
exhausted.

The above assumed restricted authority of the finance department
implies that there is no feedback loop threading through the cash
management and the operating activities of the firm. The financial
consequences of the operating activities may influence the cash
management decisions but not vice versa. As an extension of the model,
it could be a challenging task to find out how such a loop can be
established for a firm with a reasonably healthy financial position.

The finance department is also reluctant to make changes to the quarterly
fixed policies of (i) cash discount rate or (ii) cash purchase ratio for direct
materials or (iii) payment fractions of direct materials payable of different
age ranges during the quarter concerned. The argument for this is that
firms may be divided into two types in their response to an unplanned
financial situation, one type is reacting too fast, and the other type is
reacting too slow. In this research, I study the later type which is thought
to be not uncommon.

The three following sub-sections depict the cash related facets of this
model sub-system.
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7.3.8.1 The Cash Account Balance

The cash account balance at the beginning of the current week is the sum
of the cash account balance at the beginning of the previous week and all
the cash flows of the previous week. When the cash account balance takes
a negative value it means that an overdraft has been taken from the bank.

It is assumed that the records of the cash account balances in the

company's book and the bank's book are the same. That is, the possibility
of the difference between the two records due to the phenomenon of
'float', that time difference between the receiving/issuing a cheque and
the subsequent cash-in/cash-out from the bank, is omitted.

7.3.8.2 The Timing of the Various Cash Flows

1. Cash inflow due to the injection of share capital:

Cash inflow due to the injection of share capital takes place in the 5th
week before the first budget year or in 44th week of the current budget
year.

2. Cash flow due to the borrowing or repayment of bank loan:

a. Cash inflow due to the borrowing of term loan takes place in the
1st week of the current budget year.

b. Cash outflow due to the repayment of term loan takes place in the
48th week of the current budget year.

3. Cash outflow due to the payment of bank loan interest:

Cash outflow due to the payment of bank loan interest takes place in
the 4th week of each month of the current budget year.
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4. Cash outflow due to the payment of capital expenditure:

a. Cash outflow due to the payment of the industrial buildings takes
place in the 1st week of the current budget year.

b. Cash outflow due to the payment of the plant and machinery takes
place in the 7th week of the current budget year.

5. Cash outflow due to operating expenses (excluding interest):

a. Cash outflow due to the payment of the cash discount purchase of
direct materials takes place in every week of the current budget
year.

b. Cash outflow due to the payment of the direct materials payable
takes place in every week of the current budget year. The first
payment takes place in the 2nd week of the 1st budget year.

c. Cash outflow due to the payment of the net wages labour (of the
previous week) takes place in every week of the current budget
year. The first payment takes place in the 2nd week of the 1st
budget year.

d. Cash outflow due to the payment of the net salaries takes place in
the 4th week of every month of the current budget year.

e. Cash outflow due to the payment of the net sales commission (of
the previous month) takes place in the 1st week of every month of
the current budget year. The first payment takes place in the 1st
week of the 2nd month of the 1st budget year.

f. Cash outflow due to the payment of the PAYE_AND_NI (of the
previous month) takes place in the 2nd week of every month of
the current budget year. The first payment takes place in the 2nd
week of the 2nd month of the 1st budget year.
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g. Cash outflow due to the payment of the variable manufacturing
overhead and variable non-manufacturing overhead (less sales
commission) (of the previous month) takes place in the 1st week of
every month of the current budget year. The first payment takes
place in the 1st week of the 2nd month of the 1st budget year.

h. Cash outflow due to the payment of the fixed manufacturing
overhead and fixed non-manufacturing overhead cash items (less
salaries and interest) takes place in the 1st week of every month of
the current budget year.

6. Cash inflow due to sales of goods:

a. Cash inflow due to the collection of cash discount sales takes place
in every week of the current budget year.

b. Cash inflow due to the collection of accounts receivable takes place
in every week of the current budget year. The first collection
nominally takes place in the 2nd week of the 1st budget year.

7. Cash flow due to buying or selling of short term investments:

a. Cash outflow due to the buying of short term investments in any
week takes place in the same week.

b. Cash inflow due to the selling of short term investments in any
week takes place in the same week.

8. Cash inflow due to short term investments interest:

Cash inflow due to the receipt of short investment interest (of the
previous quarter) takes place in the 1st week of every quarter of the
current budget year.
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9. Cash outflow due to dividend distribution:

Cash outflow due to the payment of dividend takes place in the 13th
week of the current budget year. The first payment takes place in the
13th week of the 2nd budget year.

10. Cash flow due to taxation:

a. Cash outflow due to the payment of VAT to the government (of
the previous quarter) takes place in the 4th, 16th, 28th and 40th
week of the current budget year respectively.

b. Cash inflow due to the repayment of VAT from the government
(of the previous quarter) takes place in the 4th, 16th, 28th and 40th
week of the current budget year respectively.

c. Cash outflow due to the payment of advance corporation tax (of
the previous financial year) takes place in the 24th week of the
current budget year. The first payment takes place in the 24th week
of the 2nd budget year.

d. Cash outflow due to the payment of mainstream corporation tax
(of the previous financial year) takes place in the 36th week of the
current budget year. The first payment takes place in the 36th week
of the 2nd budget year.

e. Cash outflow due to the payment of income tax on the short term
investments interest (of the previous financial year) takes place in
the 36th week of the current budget year. The first payment takes
place in the 36th week of the 2nd budget year.

11. Cash outflow due to overdraft interest:

Cash outflow due to the payment of the overdraft interest takes place
in the 1st week of every month.
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12. Cash inflow due to loan borrowed from directors:

Cash inflow due to receipt of loan borrowed from directors takes place
in any week whenever the overdraft exceeds the overdraft limit in
the previous week.

7.3.8.3 The Major Cash Management Activities

1. Term loan facility and the interest:

At the beginning of the 16th week before the first budget year or at the
beginning of the 33rd week of the current budget year, the finance
manager decides on the amount of new term loan to be borrowed
from the bank on the basis that whenever the firm makes capital
assets acquisition, 20% of the expenses of the industrial buildings and
50% of the plant and machinery are financed by such loan. The
negotiation with the bank about the loan takes place in the following
week and the new loan becomes available in the first week of the next

budget year and it has a mature period of 10 years. The firm does not
take the option of early repayment, thus whenever a term loan is
repaid it occurs in the 48th week of the 10th budget year or of any
budget year after the 10th budget year.

Items of the term loan are categorized according to their age ranges,
from between 0 to 1 year up to between 9 to 10 years. Their aging-
maturity process is represented by the category-transfer-mechanism.
The repayment of the term loan items is first-in-first-out.

The interest of the term loan is paid in the 4th week of each month of
the current budget year.

2. Payments of the direct materials purchase:

The finance department pays the direct material purchase by cash
and/or by credit. The suppliers usually offer a discount for cash

176



purchase. The credit purchase incurs the direct materials accounts
payable.

Items of the direct materials accounts payable are categorized according
to their age ranges, from between 0 to 1 week up to between 7 to 8
weeks. Their aging process is represented by the category-transfer-
mechanism.

In the current week the payments of the items of the direct materials
accounts payable of different age ranges are made according to a set of
age-range-dependent payment fractions (each may assume values
between 0 and 1). These fractions are determined jointly by the
corporate planning staff and the finance manager during the quarterly
budgetary planning. Items fall into the 7 to 8 weeks category must be
paid in the current week in order maintain the firm's credentials as a

debtor, thus the corresponding payment fraction is always 1. The
finance manager is supposed not to change these fractions when doing
his weekly planning.

(In the simulation model a mathematical function, which depends on
the age ranges of the categories, is devised by me to represent the
payment fractions from between 0 to 1 week up to between 6 to 7
weeks.)

3. The collection of the sales:

The customers pay by cash and/or by credit. Those who pay by cash are
offered a discount by the firm. The credit sales incurs the accounts
receivable.

Items of the accounts receivable are categorized according to their age
ranges, from between 0 to 1 week up to between 11 to 12 weeks. Their
aging process is represented by the category-transfer-mechanism.
Accounts receivable items older than 12 weeks is expected to be
uncollectable and is written off as bad debts.
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In the current week the collections of the items of the accounts

receivable of different age ranges are determined by a set of age-range-
dependent collection fractions (each may assume values between 0
and 1). These fractions reflect the payment behaviour of the pool of
customer debtors of the firm. These fractions are estimated jointly by
the corporate planning staff and the finance manager during the
quarterly budgetary planning. For the first quarter of the first budget
year, the estimate of the collection fraction of any particular age-range-
category is decided by a guess, for the subsequent quarters it is derived
from the adjusted exponential smoothed actual value of the collection
fraction.

The finance manager estimates the collection fractions once more
when doing his weekly planning. For the first week of the first budget
year, the estimate of the collection fraction of any particular age-range-
category is decided by a guess, for the subsequent quarters it is derived
from the adjusted exponential smoothed actual value of the collection
fraction.

It might be pointed out that the above estimation procedure using the
exponential smoothed actual value represents an information
feedback process.

(In the simulation model a mathematical function, which depends on
the age-ranges of the categories, is devised by me to represent the
collection fractions from between 0 to 1 week up to between 11 to 12
weeks.)

4. Overdraft facility and the interest:

The firm uses the overdraft facility provided by the bank to service
part of its short term cash needs. The bank renews the overdraft limit
for the firm on a quarterly basis. That is why it is vital for the corporate
planning staff to work out whether there is any cash shortage of the
next quarter based on their best estimates of the likely happenings.
From the information of the predicted weekly cash account balance of
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the next quarter made by the corporate planning staff, the finance
manager negotiates with the bank about the overdraft limit needed for
this quarter.

When the closing cash account balance of the current week exceeds
that of the agreed overdraft limit, the bank still honours the
outstanding amount because there is a guarantee from the
shareholder directors of the firm that they will pay this sum to the
bank from their own accounts in the next week.

The overdraft interest for the current week is calculated based on the

closing cash account balance and the overdraft interest rate of the
current week. It is paid in the 1st week of every month.

5. Short term investments and the interest:

The finance manager invests the surplus cash in the short term
investments market as an effort of keeping the value of the financial
resource through interest earning. On the other hand when there is a

perceived shortage of cash the short term investments are sold out in
order to meet the financial liabilities.

A policy of 'buying and selling' short term investments is held by the
finance manager. At the beginning of the current week, the finance
manager first makes a preliminary prediction of the closing cash
account balance by taking into accounts the opening cash account
balance and the potential cash flows for the week with the assumption
that there is no buying or selling of the short term investments. If his
prediction is higher than certain amount then he buys short term
investments with the predicted outstanding sum, on the other hand if
his prediction is lower than certain amount (not necessarily be the
same as the overdraft limit) he sells short term investments with the

predicted outstanding sum. The cash flows related to buying or selling
of short term investments are in the same week when such

transaction takes place.
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The interest earned for the short term investments for the current

week is calculated based on the closing short term investments and
the short term investments interest rate of the current week. It is paid
in the 1st week of every quarter of the current budget year.

7.3.9 The Accounting Department

Key equations of the mathematical representation of the accounting
department sub-system are given in pp. 482-501 and in many other parts
of Appendix 8 due to the pervasive nature of the accounting activities.

There is a manager who is held directly responsible to its operating
activities. The activities of the department essentially permeate the whole
firm. A brief summary of the major functional activities it carries out is
given below.

1. To do the bookkeeping, i.e., to collect and record accounting data of the
whole firm.

2. To provide staff support to the budget committee in the making of the
decisions of cost standards and budgets.

3. To prepare and issue accounting information to the budget committee
and the various departments, for example the standard cost and
budget performance reports.

4. To work with the external auditors in preparing the yearly financial
statements.

In the following the important aspects associated with this model sub¬
system are described in detail.

The accounting department follows the conventional accounting practice.
It employs a standard costing system to provide information which
facilitates the budgetary system and to prepare the unaudited balance
sheet which serves a management reference. It uses an absorption cost
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system to collect information for the preparation of the audited yearly
financial statements. It also applies the straight-line depreciation method
to the industrial buildings (depreciation period of 30 financial years) and
the plant and machinery (depreciation period of 5 financial years).

The accounting department keeps the records of the budget figures and
the estimates made by the budget committee (and the corporate planning
staff) and calculates the variances. It also prepares a set of accounting
ratios which is used for management consultation.

7.3.10 The Customer Market

Key equations of the mathematical representation of the customer market
sub-system are given in p. 501 of Appendix 8.

It is assumed that the customers are recruited starting from the first week
of the second month of the first budget year. This is because the yearly
budgeting procedure produces a 'zero' unit sales budget for the first
month of the first budget year in view of building up the finished goods
stock for the subsequent months.

Generally at the beginning of the current week there is a pool of
customers recruited in the previous weeks. This customers size
henceforth is denoted by CWOCS. During the current week new
customers are recruited and some of the customers recruited in the

previous weeks defect.

The newly recruited customers size of the first week of the second month
of the first budget year is dependent solely on the persuasion effort made
by the directors and the marketing manager through their former
business connections. The effect of such persuasion is an one-time-only
isolated event. After this week, the firm faces full evaluation of its

marketing and delivery performance by its old or potential customers.
Thus, persistent cause-and-effect relationships that lock the responses of
both the customer market and the firm into a feedback loop come into
existence. When the latter is in operation, the newly recruited customers

181



size of the current week depends on the exponential smoothed, up to and
including the previous week, value of the weekly unit sales target of the
marketing department. The argument is that the higher the weekly unit
sales target the higher the control pressure exerted by the marketing
manager on the sales representatives, who in turn put more effort into
recruiting new customers. The newly recruited customers size approaches
a constant value as the exponential smoothed value of the weekly unit
sales target of the marketing department becomes larger and larger. The
latter is based on the assumption that the customer recruitment
performance does not increase indefinitely with the average level of sales
representatives' effort.

The defected customers of the current week consists of two categories.

The first category includes those who defect due to 'natural' factors, for
example they are attracted by other competitors, going bankrupt etc. The
defected customers size of this category is represented as a fraction of
CWOCS. The fractional coefficient is dependent on the exponential
smoothed, up to and including the previous week, value of CWOCS. This
is because the larger the exponential smoothed value of CWOCS the
smaller the time the sales representatives can spend with the old
customers and hence a higher defection propensity. The latter is based on
an assumption that the number of the sales representatives of the current
budget year does not vary.

The second category includes those who are not affected in the current
week by the 'natural' factors but defect due to their dissatisfaction with the
delivery speed of the firm. In general the customers expect the goods to be
delivered in the same week the orders are placed. They unwillingly allow
for a delayed delivery in the following week and withdraw any unfilled
orders placed in the week before the previous week. Thus the customers'
average level of dissatisfaction with the delivery speed is reflected by the
exponential smoothed, up to and including the previous week, value of
the opening widget orders backlog. The defected customers size of this
category is represented as a fraction of the difference between CWOCS and
the defection size of the first category. The fractional coefficient
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approaches a constant value as the exponential smoothed value of the
opening widget orders backlog becomes larger and larger. The latter is
based on the assumption that this defection propensity does not increase
indefinitely with the average level of dissatisfaction with the delivery
speed.

The customer size is expressed by a number of customer units. One
customer unit here does not mean a single customer account. It refers to
'an average customer of the customer market', who in effect places that
average number of widget orders during the current week. The latter
reflects the level of demand of the widget in the customer market and is
assumed to be constant. Consequently the newly recruited, the defected
and the remaining loyal customers sizes may be expressed by non-integral
number of customer units.

Similar, though not exactly the same, assumptions of how a firm can
influence its customers size, and vice versa, can be found in the generic
management model suggested by Rasmussen and Mosekilde (1988).

7.3.11 The Supplier Market

Key equations of the mathematical representation of the supplier market
sub-system are given in pp. 431-432, 466, 471-472 of Appendix 8.

The supplier market includes suppliers of capital assets, energy, water,
direct materials, service etc. to the firm. Financially speaking these
suppliers are often also the creditors to the firm.

The direct materials suppliers can fill all the direct materials orders placed
and that there is always a one-week delay in the delivery of the direct
materials. They generally offer discount for cash purchase.

7.3.12 The Shareholders

Key equations of the mathematical representation of the shareholders
sub-system are given in pp. 469, 478-479, 482 of Appendix 8.
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At the beginning of the 16th week before the first budget year the
founders of the firm come together and decide on the number of ordinary
shares (and the face value of the share) to be issued in order to gather the
start-up share capital for the firm. At the beginning of the 33rd week of
the current budget year, the general meeting of the shareholders decides
on the number of ordinary shares (together with the face value of the
share) to be issued in order to gather more share capital for the firm. In
both situations the payments for the shares are made 11 weeks later.

The shareholders receive their income tax deducted dividends in the 13th

week of the current budget year. The first receipt takes place in the 13th
week of the 2nd budget year.

The shareholder directors agree to take up the exceeded overdraft of the
previous week by lending to the firm under the category of 'directors'
loans'. In order to increase the confidence of the bank and the creditors,
these directors' do not ask for repayment of these loans. This means that
such loans are in effect the 'quasi-share-capital' of the firm.

7.3.13 The Financial Market

Key equations of the mathematical representation of the financial market
sub-system are given in pp. 469-470, 476-478, 481-482 of Appendix 8.

The shareholders, the bank and the short term investments market
constitutes the scope of the financial market that the firm interacts with.
During any period of time the firm always deal with a single bank. (This
latter assumption is made in order to simply the matter.)

7.3.14 The Auditors

Key equations of the mathematical representation of the auditors sub¬
system are given in pp. 495-496, 498-499 of Appendix 8.

The auditors and the accounting department of the firm work together to
prepare the yearly financial statements.

184



At the beginning of the 8th week of the current budget year, the auditors
finalize the profit and loss account statement of the previous financial
year and communicate it to the firm. At the beginning of the 9th week of
the current budget year, the auditors finalize the balance sheet statement
of the previous financial year and communicate it to the firm. The
financial statements of the first financial year come out in the second
budget year.

7.3.15 The Tax Authority

Key equations of the mathematical representation of the tax authority
sub-system are given in pp. 473, 480-481, 501-503 of Appendix 8.

The types of tax that the tax authority collects are:

1. Corporation tax.

2. Income tax on dividend. (This tax is collected in the form of advance
corporation tax.)

3. Income tax on short term investments interest.

4. PAYE and National Insurance.

5. VAT.

In its calculation of the corporation tax taxable profit the tax authority
provides the firm with capital allowance as tax shield. The writing-down
capital allowance for the industrial buildings is a straight-line method of
4% of its historical cost each year. The writing-down capital allowance for
the plant and machinery is a 25% of its reducing balance (in terms of
historical cost) each year.

The knowledge of taxation procedures for this sub-system is mainly
drawn from Samuels et al. (1990, p. 27-35) and Mathieson (1990).
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7.4 Major Limitations of the Model

It is worthwhile here to comment on the major limitations of the model.

1. The budgetary planning procedure is simplified. Such simplicity is
necessary when the simulation model is written by the STELLA II
simulation language. This is because the latter cannot be used to
represent any iterative algorithms which form the mathematical
structure of all the sophisticated budgetary planning methods, for
example a joint setting of profit-cost-price when determining the
budget figures, see Bonini (1967, pp. 39-45). However, when the system
model is re-implemented on another computing platform this
'simplicity' shortcoming may be eliminated.

This limitation is thought to be not detrimental to the research
purpose whose principal focus is on investigating the effects of
business control processes but not on optimizing profit.

2. The subsequent actions of the budget committee and the finance
manager in response to the ex post variances are not modelled
explicitly. However, the model can be extended to accommodate this
omitted aspect.

This limitation to a certain extent prevents the model from claiming
the status as a 'general' model, if there can be any.

3. Financial coxrtrol on the operating activities like marketing,
production and purchase with the aim of improving the firm's
financial position is not modelled. However, the model can be
extended to accommodate this omitted aspect.

7.5 Computer Program Implementation

There follows a description of how the model which has been outlined
above came to be implemented using a computer.
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As already noted in Sub-section 7.2.1 the computer program for the model
is written in the STELLA II simulation language. (The listing of the
source code program will be provided when a request is made to me.)

The program assumes every simulation (or integration) step represents a

single iteration of the discrete-time model, this requires the use of the
(forward) Euler's integration algorithm (referenced at Section 5.10), with
simulation (or integration) step-size set to 1, in every simulation run.

In the program there are a number of parsimonious programming
artefacts. Although the latter are not part of the conceptual system model,
they are needed by me to circumvent the limitations imposed by the
STELLA II simulation language on representing certain concepts directly.

Five variables, which do not belong to the conceptual system model,
called 'Monthly Unit Sales Budget Sign Check', 'Previous Financial Year
Balance Sheet Unbalances Alarm', 'Financial Year Closing Finished
Goods Stock Valuation Assumption Invalid Alarm', 'Finished Goods
Queue Validity Check', and 'Direct Materials Queue Validity Check'
respectively are incorporated into the program in order to prevent the
acceptance of spurious simulation results. Their uses are discussed as
follows.

'Monthly Unit Sales Budget Sign Check' checks whether or not the
monthly unit sales budget is non-negative, if it does it returns '0',
otherwise '1'. This check is needed because theoretically the budgeting
procedure employed in the model may produce a negative value for the
monthly unit sales budget when the values of the opening finished goods
stock policy are smaller than a certain value. The later, unfortunately,
cannot be found analytically before each simulation is run.

'Previous Financial Year Balance Sheet Unbalances Alarm' checks

whether or not the net worth of the firm equals, allowing for a

computational error range which is from -0.01 to 0.01, its capital and
reserves for every financial year end, if it does it returns '0', otherwise '1'.
An all '0' situation increases the confidence that the double-entry
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financial accounting relationship is observed properly by the simulation
model.

'Financial Year Closing Finished Goods Stock Valuation Assumption
Invalid Alarm' checks whether or not the physical size of the opening
finished good stock of any financial year is smaller than or equal to the
finished goods shipped during that financial year, if it does it returns '0',
otherwise '1'. This check is necessary because in the model when the
audited financial statements are prepared the stock valuation procedure
assumes that the physical size of the opening finished good stock of any
financial year is smaller than or equal to the finished goods shipped
during that financial year.

'Finished Goods Queue Validity Check' checks whether or not there are
items of finished goods stock older than 12 weeks, if it does not it returns
'0', otherwise '1'. This check is needed because in the model all the

operating activities and the accounting procedures are assumed to be
carrying out in a situation that there are no items of finished goods stock
older than 12 weeks.

'Direct Materials Queue Validity Check' checks whether or not there are
items of direct materials stock older than 12 weeks, if it does not it returns
'0', otherwise '1'. This check is needed because in the model all the

operating activities and the accounting procedures are assumed to be
carried out in a situation in which there are no items of direct materials

stock older than 12 weeks.

The version of STELLA II used in this research does not allow the

program to be halted when a predefined condition is met, and in all the
five cases above returns '1' signals at the inspection of the outputs where
the program should have halted.

The program is approximately three megabytes in size. When it is run on
an Apple Macintosh SE 30 with eight megabytes of RAM in a system
software v B-6.05 environment, typically it takes 7 seconds to advance one
simulation (or integration) time-step.
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The computer outputs are time series indexed by a sequence of real
numbers called the simulation time, ts. The time series can be displayed
as numbers or as graphs. In the experimentation described below the first
number of ts is set to -16. In addition, the values of ts are viewed as

corresponding exactly to those of the time index k. (See
Sub-section 7.2.2.1)

7.6 Model Validity

It is recognized that there is no inflexible corporate model on order,
instead any extant models, including mine, can be the evolving ones that
are continuously criticized and updated as our own understanding of real
world business operations increases.

I cannot, of course, completely validate this large-scale complex system
model, but what I have done was first to set forth in Section 7.3 and

Appendices 6, 7 and 8 the major ingredients of it for separate
examination.

I do not intend to assert that the decision rules (many of them are rules of
thumb), the cause-and-effect relationships and the a priori parameter
values that appear in the model are valid for all possible real world
situations. They are judged to be plausible only within the confine of my
awareness of the received knowledge in business literature and
consultation with my accounting colleagues. It might also be pointed out
that unlike the situation in the natural sciences there are no universally
applicable 'rules of the game' in the real business world and that many of
the business-parameters do not by necessity have to have a unique value.

Although the uncertainty due to the imprecision/vagueness of
identifying the processes of the system model may contribute to the
imprecision of the model behaviour, such uncertainty is presumed by me
to be not materialistic to the generation of the apparently random model
behaviour.
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As will be seen in the section on experimentation, some of the outputs
tend to validate the model in the aspects of consistency and algorithmic
validity, i.e., "... the model contains no logical, mathematical or
conceptual contradictions" and "... the algorithm for solution or
simulation is appropriate and leads to accurate solutions" respectively.
(Finkelstein and Carson, 1985, p. 259)

Finally, it has to be remarked that I have been unable to gather business
information of real world firms in weekly detail so that it can be
compared with the simulation results.

7.7 Experimentation

The primary concern of the computer experiments conducted on the
program discussed in Section 7.5 is to identify conditions which generate
chaotic cash account balance time series.

It should be emphasized here that the simulated (computational-error-
prone) time series are interpreted by the practical viewpoint argued
generally in Section 5.10 and elaborated in Section 6.7.

A discussion on the general aspect of designing a computer experiment
has been given in Section 6.7 and will not be repeated here. Since it is
practically impossible to experiment on all of the possible combinations of
parametric values and initial conditions, I had to be selective in choosing
what to change because of the time constraint on the research. The
parameters that are chosen to have their values changed are those that
seem to be most (a priori) crucial to showing how the managerial
information processing and control mechanisms can play a role in
generating chaotic cash account balance behaviour.

Besides a trial and error tactic combined with some straightforward
considerations, for example the plausible ranges of a priori parameter
values as suggested by received business knowledge, the selection of a
situation is also based on hints suggested by results of previous
experiments.
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In addition, the choice of the simulation time span, Ts, is considered
carefully because of the following reason.

Ts should be long enough to produce a time series corresponding to a

trajectory close to or on the attractor involved, and it should be even

longer if the phase plot of the attractor is required. In the initial trial and
error experiments, an examination of the simulated time series indicated
that the transient is prominent within the first 200 iterations. The fact
that typically it takes 7 seconds for advancing one simulation (or
integration) time-step (which corresponds to one week) restricts Ts from
taking an even moderately large value. For instance if Ts takes a value
like 10000 iterations, the simulation run-time is approximately 19 hours.
Another restriction on Ts is that the time required by STELLA II to save
the output numerical data as a file increases exponentially with the data
size.

Based on the above considerations, Ts is set pragmatically to be 1229
iterations (or equivalently, starting from k = -16 to k = 1212, and is
approximately 25 budget years). As it will be seen, this provides an
amount of simulated data which is sufficient for carrying out the
necessary, though elementary, analyses.

The scheme for performing experiments for the model of the firm and
the associated periodicity/chaos analyses for the cash account balance time
series is summarized in Figure 7.1 below.
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Set Initial Values for the State Variables

Figure 7.1 The Scheme for Performing Experiments for the Model of the
Hypothetical Firm and Its Business Environment and the
Associated Periodicity/Chaos Analyses of the Cash Account
Balance Time Series

The outputs of the simulation include the time series of the following
basic list of variables. (Note: the size of the RAM of the Apple Macintosh
computer imposes a limit on the number of variables that can be output
in a single simulation run.)

Symbol Descriptive Name

MUSBSC

PFYBSUBA

FYCFGSVA1A

FGQVC

DMQVC

DVOFFYDDBTAP

CMUSBBOQF

Monthly Unit Sales Budget Sign Check
Previous Financial Year Balance Sheet Unbalances Alarm

Financial Year Closing Finished Goods Stock Valuation

Assumption Invalid Alarm
Finished Goods Queue Validity Check
Direct Materials Queue Validity Check
Decided Value Of Previous Financial Year Depreciation
Deducted Before Tax Accounting Profit
Current Month Unit Sales Budget Based On Quarterly Planning
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CWOCAB

CWOCANCA

CWOCS

CWOWOB

CWOFGSPS

CWODMSPS

CWOCABVBOQP

CWOCANCVBOQP

CWUSVBOQP

CWOFGSPSVBOQP

CWODMSPSVBOQP

WOIR

COEOL

CWOLBFD

Current Week Opening Cash Account Balance
Current Week Opening Cash And Near Cash Assets
Current Week Opening Customers Size
Current Week Opening Widget Orders Backlog
Current Week Opening Finished Goods Stock Physical Size
Current Week Opening Direct Materials Stock Physical Size
Current Week Opening Cash Account Balance Variance Based
On Quarterly Planning
Current Week Opening Cash And Near Cash Variance Based
On Quarterly Planning
Current Week Unit Sales Variance Based On Quarterly

Planning
Current Week Opening Finished Goods Stock Physical Size
Variance Based On Quarterly Planning
Current Week Opening Direct Materials Stock Physical Size
Variance Based On Quarterly Planning

Widget Orders Incoming Rate
Counts Of Exceeding Overdraft Limit
Current Week Opening Loan Borrowed From Directors

Below is a description of how the analyses are carried out.

Analysis 1 involves a scrutiny of the time plots of the time series of
MUSBSC, PFYBSUBA, FYCFGSVAIA, FGQVC, and DMQVC, which are

the checking-variables discussed in Section 7.5.

If at least one of these time series shows the value 'V at least once, then

part of the simulated trajectory is spurious, otherwise the simulated
trajectory is subject to further analysis. In the former case, it usually
means that to try another experiment.

Analysis 2 involves a scrutiny of the numerical display and the time plot
of the simulated time series of CWOCAB.

Its aim is to determine the periodicity, if there is any, of the time series.
For simple time series patterns, the study of the numerical displays is
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carried out by visual inspection. For complex time series patterns, the
study of the numerical displays is aided

1. by database searching utility like 'Find', for example the one provided
in the word processor 'Word', which can look up the location(s) of a
given data value or data series, or,

2. by applying the technique of 'differencing' on the time series. If the
differenced time series, i.e., {X(k+N) - X(k)}, shows all zeros (or

practically speaking values close to zero) after the transient effect has
all but died down and N is the smallest integer that does so, then N is
the periodicity of the original time series.

Analysis 3 involves an ordering of periodicities of the periodic time
series, see Sub-section 5.3.5.2, identified for certain values of a particular
parameter. A period-doubling bifurcation sequence for the periodic time
series, if observed, implies a possible route to chaos for the parameter
around this range of values, see Sub-section 5.8.4. This information is
valuable to the design of another experiment intended to generate a
chaotic time series.

Analysis 4 involves the diagnosis of the presence of an underlying
strange attractor by a method which has had recourse to the definitional
concept of 'sensitive dependence on initial conditions', see
Sub-section 5.6.2.

It might be worthwhile first to point out why the Wolf et al.'s algorithm
for estimating the largest Lyapunov exponent, which provides the major
tool for chaos analysis in Chapter 6, is not employed here. The reason is
given as follows.

The Wolf et al.'s algorithm for estimating the largest Lyapunov exponent
requires the number of data points in the time series (which is near or at
steady state), T, to be greater than 10^L if a reasonable estimation is
expected, where dL is the Lyapunov dimension. The system model of the
firm and its business environment is of high dimension. This means that
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a possibly high Lyapunov dimension of any strange attractor associated
with this system model, see Section 6.7. Consequently an unacceptably
long simulation run-time is needed for generating the required amount
of data if the Wolf et al.'s algorithm is to be used properly. For instance
even if dL is supposed to be as low as 5, the minimum data size
requirement is 10^ and the corresponding simulation run-time is
approximately 194 hours.

It should also be pointed out that another group of popularly used chaos
diagnosis tools, namely algorithms which estimate the correlation
dimension of an attractor, also demands the data size of which increases

exponentially with the dimension of the space that is minimally required
to 'embed/contain' the attractor. (Ramsey et al., 1990)

The method employed in this analysis is described below.

For every experimental condition one 'nominal experiment' and one

'perturbation experiment' are done. The latter differs from the former
only in that an additional customer unit is given to the variable
'Customers Recruitment Rate' (CRR) at ts (or k) = 696, which is equivalent
to introducing a small perturbation to the state variable 'Current Week
Opening Customers Size' (which generally has an order of magnitude of
1000 in any simulation run) at ts (or k) = 697, and, so a small perturbation
is introduced to the whole system model.

If the time series of CWOCAB (and hence the underlying attractor)
obtained by the 'nominal experiment' is suspected to be chaotic, then the
time plot of the difference between this time series and its counterpart
obtained by the 'perturbation experiment' suggests that the time series of
CWOCAB (and hence the underlying attractor) is or is not chaotic.

1. It is not chaotic if after the perturbation it settles at or close to zero

eventually, see Figure 7.2 below for a typical example.

195



2. It is chaotic if after the perturbation it fluctuates irregularly with
significant swings and it does not settle at or close to zero eventually,
see Figure 7.3 below for a typical example.
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Figure 7.2 A Typical Example of the Time Plot of the Change in
CWOCAB from Week 672 to Week 1212 After a Perturbation
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Figure 7.3 A Typical Example of the Time Plot of the Change in
CWOCAB from Week 672 to Week 1212 After a Perturbation

of 1 Customer Unit Has Occurred to CWOCS at Week 697: A

Chaotic Case

It is acknowledged that mathematically speaking this method is not as
rigorous as the Wolf et al.'s algorithm for estimating the largest
Lyapunov exponent. This is because it relies solely on the intuitive
judgement made by the method user on the geometrical nature of 'the
time plot of difference' of finite time-length. However, it is argued that in
most cases the existence of a time series pattern that settles at zero is quite
obvious and so it is trusted to be a (geometrical) method of practical use.
From now on, this method of chaos diagnosis is referred to 'the
perturbation test'.

Finally, although the discussion of the Analyses 2, 3 and 4 has been made
with reference to the time series of CWOCAB (the principal variable of
interest of this chapter), these analyses are equally applicable to the other
output time series when their patterns of behaviour are studied.
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7.7.1 Experiments and Results

The experiments and results are reported for the purposes of answering
the research questions and of providing the understanding of certain
facets of the behaviour of the system model.

An experiment corresponding to a benchmark condition defined by the
chosen simulation time span and the numerical values of the parameters
and the initial conditions of the variables depicted in the simulation
model in Appendix 8 is first described. Under this condition the firm
operates in an extremely ideal 'in-control' situation so that the actual
results of its activities are exactly the same as those that are expected by its
management at every level, and, non-chaotic model behaviour is
observed. Technically I designed this scenario mainly by setting the
values of the group of 'actual basic cost-measure multipliers', see
Sub-section 7.2.2.4, to 1 and arranging the estimates/planned-values of
the collection/payment fractions for items of various age ranges of the
accounts-receivable/direct-materials-payable to be identical to the
corresponding actual fractions.

This benchmark condition provides an 'extremely-ideal-in-control-first'
departing position for the experiments and results against which the
results from experiments in other conditions can be compared. It is
described in this chapter only by the simulation time span and the values
of the following list of parameters and variable. See also Table 7.1 below.

Symbol Descriptive Name

SUCRR Start Up Customers Recruitment Rate
AUDMQM Actual Unit Direct Materials Quantity Multiplier
AUDLHM Actual Unit Direct Labour Hours Multiplier
AUMHM Actual Unit Machine Hours Multiplier
QDMP Quoted Direct Materials Trice

ADLWRM Actual Direct Labour Wage Rate Multiplier
AVMORM Actual Variable Manufacturing Overhead Rate Multiplier
AUCCM Actual Unit Carriage Cost Multiplier
AUSCCM Actual Unit Sales Commission Cost Multiplier
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AUOVNMOM

AMSM

AOFMOEM

ANMSM

APEM

AOFNMOEM

NBYMOFGSP

YFNBYMOFGSPE

NBYMODMSP

YFNBYMODMSPE

MUSTVRSP

MCFGSTVRSP

MCDMSTVRSP

USTAMUB

CFGSTAMLB

CFGSTAMUB

CDMSTAMLB

CDMSTAMUB

Actual Unit Other Variable Non-Manufacturing Overhead
Multiplier
Actual Manufacturing Salaries Multiplier
Actual Other Fixed Manufacturing Overhead Expenses Multiplier
Actual Non-Manufacturing Salaries Multiplier
Actual Promotion Expenses Multiplier
Actual Other Fixed Non-Manufacturing Overhead Expenses

Multiplier
Next Budget Year Monthly Opening Finished Goods Stock Policy
Year Following Next Budget Year Monthly Opening Finished
Goods Stock Policy Estimate
Next Budget Year Monthly Opening Direct Materials Stock

Policy
Year Following Next Budget Year Monthly Opening Direct
Materials Stock Policy Estimate

Monthly Unit Sales True Variance Ratio Smoothing Parameter

Monthly Closing Finished Goods Stock True Variance Ratio

Smoothing Parameter

Monthly Closing Direct Materials Stock True Variance Ratio

Smoothing Parameter
Unit Sales Target Adjustment Multiplier Upper Bound

Closing Finished Goods Stock Target Adjustment Multiplier Lower
Bound

Closing Finished Goods Stock Target Adjustment Multiplier Upper
Bound

Closing Direct Materials Stock Target Adjustment Multiplier
Lower Bound

Closing Direct Materials Stock Target Adjustment Multiplier

Upper Bound
F (This is a parameter which influences the size of Customers
Defection Rate.)

ECj denotes a condition with the order of its first appearance indexed by a

positive integer i, for example EC] denotes the benchmark condition. For
a condition other than EQ, to simplify the matter, it is indicated solely by
its difference(s) from EC].
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The description 'steady state' appearing in the reporting of the results
below should not be interpreted in the most rigorous sense, it only refers
to that part of the time series where the transient effect has been judged by
me to be practically negligible.

When the conditions and results are described both very large and small
numbers are presented in scientific notation in order to make it easier to
recognize their orders of magnitude. The numbers, in the form of m
times ten to the power n, where 0 < I m I <10 and n is an integer, have a
mathematical symbol of m*lEn (or m*en). For example, 12000 = 1.2 * 104
= 1.2*1E4 or (here) 1.2*e4.

Since units of the variables and the parameters are not pertinent to the
discussion below, most of the time they are not explicitly stated for the
sake of simplicity. (The units of the conceptually important variables and
parameters of the model are given in Appendix 6.)

Finally, besides the behaviour of the cash account balance (i.e., CWOCAB,
the principal variable of interest of this chapter), the behaviour of the
cash account balance variance based on quarterly planning (i.e.,
CWOCABVBOQP) is also analysed and reported in some detail. This
variance is thought to be a useful indicator of the effectiveness of
organization control of the firm when that extremely ideal 'in-control'
scenario as perceived by the budget committee (and the corporate
planning staff) does not materialize. In addition, the bank may also view
it as conveying information of the credibility of the short term prediction
made by the firm about its cash account balance. Failure at predicting the
cash account balance properly in long run may erode the bank's credit
rating of the firm. The desired values for this variance for the firm and
the bank are of course zero or close to zero. On the other hand, it is very
difficult to ascertain what values for this variance are highly undesirable
because it involves subjective criteria conceived by the firm and the bank.
In all the experiments reported below the finance manager tries to
confine the cash account balance within the range which is from £-5000 to
£10000 if situation permits, it is argued that any variance which has the
order of magnitude comparable to the limits of this range may be
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regarded as highly undesirable, thus I propose that the firm and the bank
regard a variance that is outside the range which is from £-10000 to £10000
as highly undesirable.

7.7.1.1 The Major Features of the Model Under the Benchmark
Condition and its Variants

Before going into the details of the experiments and results it is
worthwhile here to summarize the major features of the model under
the benchmark condition and its variants.

1. Constant size of the market of the widget.

2. The firm is in such a competitive environment that there is little
room for it to change the unit price of the widget. Thus the quoted
unit price of the widget is unchanged across all the budget years.

3. The board of directors has no intention of expanding the production
capacity of the firm because the market of the widget is static and
saturated, and there is at least one other firm which dominates the
market. The aim of the board of directors is to maintain the market

share of the firm and to make profit from it. Thus the investment on
the capital expenditure is only that required to keep the operations of
firm on-going. This means that new plant and machinery are acquired
for replacement purpose only.

4. Since a no-expansion strategy is adopted, the board of directors sets a

high dividend policy so that most of the earnings of the firm is
handed out to the shareholders.

5. Constant tax rates and interest rates.

6. The firm operates in a no inflation/deflation economic environment.

7. Constant potential production capacity.
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8. The planning parameters 'monthly opening finished-goods/direct-
materials stock policies', employed in the yearly budgetary planning
for setting the desired levels of stock to be held, are in effect kept
constant over all the budget years. Technically this has been done by
assigning the same value to (i) NBYMOFGSP and YFNBYMOFGSPE,
and (ii) NBYMODMSP and YFNBYMODMSPE.

9. The finance manager always predicts correctly the actual collection
fractions for items of various age ranges of the accounts receivable. Fie
also makes payments strictly according to the planned schedule,
irrespective of his perception of the financial position of the firm.

10. The firm always receives unrestricted financial support from its
shareholder directors and the bank. This feature is assumed in order

to fulfil the tactical requirement that during the simulation time span
the firm is a 'going concern'.

11. After the first few budget years the budgetary procedure produces a

pair of regularly alternating budget figures for monthly unit sales,
monthly closing finished goods stock and monthly closing direct
materials stock respectively. No seasonal effect is assumed. Such
behaviour is not purposely built in by me and is the output
performance of this budgetary procedure per se when it tries to satisfy
the budgeting constraints listed in Sub-section 7.3.4.1. It is considered
as not problematic because the difference between any pair of budget
figures is less than 10% and in real business world it is quite common
to have varying, though not dramatically different, monthly budget
figures.
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7.7.1.2 Experiment with ECi

The primary aim of performing this experiment is to simulate an

extremely ideal 'in-controT scenario.

I. Condition

Table 7.1 Benchmark condition ECp
SUCRR 4000 AMSM 1 MCFGSTVRSP 0.9

AUDMQM 1 AOFMOEM 1 MCDMSTVRSP 0.9

AUDLHM 1 ANMSM 1 USTAMUB 1.1

AUMHM 1 APEM 1 CFGSTAMLB 0.9

QDMP 1.9 AOFNMOEM 1 CFGSTAMUB 1.1

ADLWRM 1 NBYMOFGSP 0.1 CDMSTAMLB 0.9

AVMORM 1 YFNBYMOFGSPE 0.1 CDMSTAMUB 1.1

AUCCM 1 NBYMODMSP 0.1 F 0.P1E-5

AUSCCM 1 YFNBYMODMSPE 0.1 Ts 1229

AUOVNMOM 1 MUSTVRSP 0.9

When a quantity, X, is expressed in a format of "IF [Time-Domain(s) that
X is Conceptually Defined] THEN [Value/Expression that Defines X] ELSE
[Expression that Signals Not Applicable]" in the mathematical realization
of the model of the firm and its business environment in a simulation

format in Appendix 8, the value assigned to this quantity in Table 7.1
refers to the [Value/Expression that Defines X]. For example in
Appendix 8,

SUCRR = IF k = 4 THEN 4000 ELSE 0

4000 is the [Value/Expression that Defines X]; k = 4 is the [Time-
Domain^) that X is Conceptually Defined]; 0 is the [Expression that
Signals Not Applicable].
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II. Key Results

CWOCAB

Time

Figure 7.4a Time Plot of CWOCAB from Week -16 to Week 1212 (ECj)

CWOCAB

Time

Figure 7.4b Time Plot of CWOCAB from Week 1008 to Week 1212 (EC])
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Table 7.2 Steady State Pattern Description of the Time Series of
CWOCAB, CWOCABVBOQP and CMUSBBOQP (EQ)

Steady State Pattern of the Time

Series of CWOCAB

Steady State Pattern of the Time

Series of CWOCABVBOQP

Steady State Pattern of the

Time Series of CMUSBBOQP

Short cycles of 48 weeks are

contained in long cycles of 480 weeks

Constantly zero, allowing for the

tolerance of computational error of

1E-12.

Alternates between 146177 and

158358

III. Discussion

The time plots of CWOCAB shown in Figures 7.4a & b appear to be
fluctuating regularly, together with the result of Analysis 2 suggests that
the time series is periodic, it can be safely concluded that ECi generates
periodic cash account balance behaviour with short cycles of 48 weeks
being contained in long cycles of 480 weeks.

The existence of long cycles of 480 weeks in the pattern of the time series
of CWOCAB here (and for the other experiments below) is due to the fact
that EC] includes the following cash flows which recur every ten budget
years.

1. Cash inflow due to new term loan borrowing that takes place in the
first week of the lst/llth/21st/etc. budget years.

2. Cash outflow due to mature term loan repayment that takes place in
the last week of the 10th/20th/etc. budget year.

3. Cash outflow due to payment of new plant and machinery that takes
place in the 7th week of the lst/llth/21st/etc. budget year. After the 1st
ten years they are bought only for replacement purpose.

From the time plots of CWOCABVBOQP shown in Figures 7.5a & b, it can
be safely concluded that practically speaking EQ generates a constantly
zero CWOCABVBOQP behaviour. This is definitely a very pleasant
outcome of the performance of the firm.
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The simulated constantly zero CWOCABVBOQP behaviour has provided
some evidence to model validity in the aspects of consistency and
algorithmic validity (see Section 7.6) because it matches that argued
logically from EQ.

7.7.1.3 Experiment with EC2

The primary aim of performing this experiment is to answer Research
Question 1.

I. Condition

EC2:
1.8*lE-5

As a reminder, F is a parameter which influences the rate of defection of
the recruited customers, see also p. 501 of Appendix 8.

II. Key Results
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Figure 7.6a Time Plot of CWOCAB from Week -16 to Week 1212 (EC2)
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Table 7.3 Steady State Pattern Description of the Time Series of
CWOCAB, CWOCABVBOQP and CMUSBBOQP (EC2)

Steady State Pattern of the Time

Series of CWOCAB

Steady State Pattern of the Time

Series of CWOCABVBOQP

Steady State Pattern of the

Time Series of CMUSBBOQP

Chaotic Chaotic Alternates between 146177 and

158358

ID. Discussion

The time plots of CWOCAB shown in Figures 7.6a & b appear to be
fluctuating randomly, together with the result of 'the perturbation test'
(Analysis 4) suggests the time series is chaotic, see Figure 7.7, it can be
safely concluded that EC2 generates chaotic cash account balance
behaviour. This means that a 'yes' answer to Research Question 1 which
was 'given that the stochastic approach is unsatisfactory in that it by¬
passes the description of causes, is there any deterministic explanation for
all, or at least part of, the apparently random fluctuations in the
behaviour of the business variables?'

The time plots of CWOCABVBOQP shown in Figures 7.8a & b appear to
be fluctuating randomly, together with the result of 'the perturbation test'
(Analysis 4) suggests the time series is chaotic, see Figure 7.9, it can be
safely concluded that EC2 generates chaotic CWOCABVBOQP behaviour.

From Figure 7.10, approximately 33% of the time CWOCABVBOQP is
zero, and approximately 60% of the time CWOCABVBOQP falls within
the range which is from £-10000 to £10000. The worst cases for
CWOCABVBOQP are roughly around £-46500. It is argued that the bank
may feel a little bit worried about the cash management of the firm, but it
cannot dismiss the cash account balance prediction made quarterly by the
firm as very unreliable.

CMUSBBOQP exhibits periodic behaviour, irrespective of the chaotic
behaviour exhibited by CWOCAB and CWOCABVBOQP.
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This experiment has also shown that given everything the same, an
increase in the value of F can drive the behaviour of CWOCAB and

CWOCABVBOQP to be chaotic.

7.7.1.4 Experiment with EC3

The primary aim of performing this experiment is to answer Research
Question 1.

I. Condition

EC3:

AUDMQM 1.03 AVMORM 1.03 AOFMOEM 1.03

AUDLHM 1.03 AUCCM 1.03 ANMSM 1.03

AUMHM 1.03 AUSCCM 1.03 APEM 1.03

QDMP 1.96 AUOVNMOM 1.03 AOFNMOEM 1.03

ADLWRM 1.03 AMSM 1.03 F 1.8*lE-5

It is argued that EC3 is a more realistic condition than EC2 because it is
very likely that the performances of the basic cost-measures are different
from their standards or budgets in the real world business operations. It
might be pointed out that the stable equilibrium behaviour is one of the
possible modes of steady state behaviour for the performance of a cost
item in a standard costing system setting, see Sub-section 6.7.1.4, especially
when the standards are tightly set. Since the budget committee is assumed
to have a philosophy of setting budgets and cost standards which are

"tight yet probably attainable", see Sub-section 7.3.4, it is justifiable to
assign constant values slightly greater than 1 to the 'actual basic cost-
measure multipliers' here.

II. Key Results

The numerical displays of the time series of CWOCAB and
CWOCABVBOQP from Week -16 to Week 1212 are given in Appendix 9.
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Figure 7.11b Time Plot of CWOCAB from Week 1008 to Week 1212 (EC3)
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Table 7.4 Steady State Pattern Description of the Time Series of
CWOCAB, CWOCABVBOQP and CMUSBBOQP (EC3)

Steady State Pattern of the Time

Series of CWOCAB

Steady State Pattern of the Time

Series of CWOCABVBOQP

Steady State Pattern of the

Time Series of CMUSBBOQP

Chaotic Chaotic Alternates between 146177 and

158358

III. Discussion

The time plots of CWOCAB shown in Figures 7.11a & b appear to be
fluctuating randomly, together with the result of 'the perturbation test'
(Analysis 4) suggests the time series is chaotic, see Figure 7.12, it can be
safely concluded that EC3 generates chaotic cash account balance
behaviour. This means that a 'yes' answer to Research Question 1.

The time plots of CWOCABVBOQP shown in Figures 7.13a & b appear to
be fluctuating randomly, together with the result of 'the perturbation test'
(Analysis 4) suggests the time series is chaotic, see Figure 7.14, it can be
safely concluded that EC3 generates chaotic CWOCABVBOQP behaviour.
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From Figure 7.15, approximately 33% of the time CWOCABVBOQP is
zero, and approximately 57% of the time CWOCABVBOQP falls within
the range which is from £-10000 to £10000. The worst cases for
CWOCABVBOQP are roughly around £-46500. It is argued that the bank
may feel a little bit worried about the cash management of the firm, but it
cannot dismiss the cash account balance prediction made quarterly by the
firm as very unreliable.

CMUSBBOQP exhibits periodic behaviour, irrespective of the chaotic
behaviour exhibited by CWOCAB and CWOCABVBOQP.
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7.7.1.5 Experiments with EC3, EC4-EQ1

The primary aim of performing this group of experiments is to study the
effect of the change in the values of the budgetary planning and control
parameters 'monthly opening finished-goods/direct-materials stock
policies' on the cash account balance behaviour. The results provide an
answer to Research Question 2.

These stock policies play a role in control. This is because the resulting
levels of stocks budgeted can influence the ability of the firm to absorb
fluctuations that occur in its operations.

I. Condition

The experiments have conditions EC3, EC4-EC11, which are:

AUDMQM 1.03 AVMORM 1.03 AOFMOEM 1.03

AUDLHM 1.03 AUCCM 1.03 ANMSM 1.03

AUMHM 1.03 AUSCCM 1.03 APEM 1.03

QDMP 1.96 AUOVNMOM 1.03 AOFNMOEM 1.03

ADLWRM 1.03 AMSM 1.03 F 1.8*lE-5

together with variations in the values of NBYMOFGSP,
YFNBYMOFGSPE, NBYMODMSP and YFNBYMODMSPE shown in
Table 7.5 below, ranging from 0.01 to 0.4.

In each experiment the same value was assigned to NBYMOFGSP,
YFNBYMOFGSPE, NBYMODMSP and YFNBYMODMSPE in order to
reflect that there is a general and persistent attitude of the budget
committee (and the corporate planning staff) towards the monthly
opening stock policies. Any such value tried out in this group of
experiments is, in general, referred to as p henceforth.
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II. Key Results

Table 7.5 Steady State Pattern Description of the Time Series of
CWOCAB, CWOCABVBOQP and CMUSBBOQP (EC3, EC4-ECn)

Condition NBYMOFGSP/ Steady State Pattern Steady State Pattern of Steady State

YFNBYMOFGSPE/ of the Time Series of the Time Series of Pattern of the Time

NBYMODMSP/ CWOCAB CWOCABVBOQP Series of

YFNBYMODMSPE CMUSBBOQP

(P)

ec4 0.01 Short cycles of 48

weeks are contained in

long cycles of 480

weeks

Cycles of 48 weeks Alternates between

145164 and 157261

ec5 0.02 Chaotic Chaotic Alternates between

145276 and 157382

ec6 0.04 Chaotic Chaotic Alternates between

145500 and 157625

ec7 0.06 Chaotic Chaotic Alternates between

145725 and 157869

ecs 0.08 Chaotic Chaotic Alternates between

145950 and 158113

ec3 0.1 Chaotic Chaotic Alternates between

146177 and 158358

ec9 0.2 Short cycles of 48

weeks are contained in

long cycles of 480

weeks

Cycles of 48 weeks Alternates between

147319 and 159595

ec10 0.3 Short cycles of 240

weeks are contained in

long cycles of 480

weeks

Cycles of 240 weeks Alternates between

148479 and 160852

ec„ 0.4 Short cycles of 96

weeks are contained in

long cycles of 480

weeks

Cycles of 96 weeks Alternates between

149657 and 162129
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IE. Discussion

Referring to Table 7.5, the appearances of periodic, and chaotic cash
account balance behaviour as the managerially determined
NBYMOFGSP, YFNBYMOFGSPE, NBYMODMSP and YFNBYMODMSPE

(i.e., the budgetary planning and control parameters 'monthly opening
finished-goods/direct-materials stock policies') are varied in a range of
values that are arguably accessible in the real business world means that a
'yes' answer to Research Question 2 which was 'given that some such
deterministic explanation can be found, could it enable managers to
modify their control systems so as to reduce the apparently random
fluctuations in the behaviour of the business variables?'

Although the lack of observed route to chaos through a series of period-
doubling bifurcations makes it difficult to recommend with much
confidence in what direction NBYMOFGSP, YFNBYMOFGSPE,
NBYMODMSP and YFNBYMODMSPE should be varied by the
management so that the chance of annihilating the apparently random
fluctuations in the cash account balance behaviour can be increased, the
results shown in Table 7.5 do invite the following 'speculative'
generalization. (See also the cautionary note of the reliability of induction
made from observations of a nonlinear dynamical system given at
Section 5.11.)

For the values of NBYMOFGSP, YFNBYMOFGSPE, NBYMODMSP and
YFNBYMODMSPE which are not close to zero the larger the values
employed by the budget committee the more likely that the cash account
balance behaviour is not chaotic. On the other hand, chaotic cash account

balance behaviour may also be prevented when the values employed by
the budget committee are very close to zero, for example 0.01.

The appearances of periodic, and chaotic CWOCABVBOQP behaviour are
also observed as NBYMOFGSP, YFNBYMOFGSPE, NBYMODMSP and
YFNBYMODMSPE are varied from 0.01 to 0.4.
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CMUSBBOQP exhibits periodic behaviour as NBYMOFGSP,
YFNBYMOFGSPE, NBYMODMSP and YFNBYMODMSPE are varied
from 0.01 to 0.4, irrespective to which mode of steady state behaviour
exhibited by CWOCAB and CWOCABVBOQP. In addition, that two
alternating values increase as these parameters are varied from 0.01 to 0.4.

7.7.1.6 Experiments with EC3, EC12-EC21

The primary aim of performing this group of experiments is to study the
effect of the change in the values of the information smoothing
parameters, that involved in the information processing procedure
employed by the marketing, production, and purchase managers (see
Sub-sections 7.3.5, 7.3.6 and 7.3.7), on the cash account balance behaviour.
The results provide an answer to Research Question 2.

I. Condition

The experiments have conditions EC3, EC12-EC21, which are:

AUDMQM 1.03 AVMORM 1.03 AOFMOEM 1.03

AUDLHM 1.03 AUCCM 1.03 ANMSM 1.03

AUMHM 1.03 AUSCCM 1.03 APEM 1.03

QDMP 1.96 AUOVNMOM 1.03 AOFNMOEM 1.03

ADLWRM 1.03 AMSM 1.03 F 1.8*lE-5

together with variations in the values of MUSTVRSP, MCFGSTVRSP
and MCDMSTVRSP shown in Table 7.6 below, ranging from 0.1 to 1.

In each experiment the same value was assigned to MUSTVRSP,
MCFGSTVRSP and MCDMSTVRSP in order to reflect that there is a

shared attitude (under the influence of corporate culture) amongst the
marketing, production, and purchase managers towards the information
contents of historical data of different ages. Any such value tried out in
this group of experiments is, in general, referred to as a* henceforth.
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II. Key Results

Table 7.6 Steady State Pattern Description of the Time Series of
CWOCAB, CWOCABVBOQP and CMUSBBOQP (EC3/ EQ2-EC21)

Condition MUSTVRSP/ Steady State Pattern of Steady State Pattern of Steady State

MCFGSTVRSP/ the Time Series of the Time Series of Pattern of the Time

MCDMSTVRSP CWOCAB CWOCABVBOQP Series of

(a*) CMUSBBOQP

ec12 0.1 Short cycles of 48 weeks Cycles of 48 weeks Alternates between

are contained in long cycles 146177 and 158358

of 480 weeks

EC13 0.2 Short cycles of 48 weeks Cycles of 48 weeks Alternates between

are contained in long cycles 146177 and 158358

of 480 weeks

ec14 0.3 Short cycles of 48 weeks Cycles of 48 weeks Alternates between

are contained in long cycles 146177 and 158358

of 480 weeks

ec15 0.4 Short cycles of 48 weeks Cycles of 48 weeks Alternates between

are contained in long cycles 146177 and 158358

of 480 weeks

EC16 0.5 Short cycles of 192 weeks Cycles of 192 weeks Alternates between

are contained in long cycles 146177 and 158358

of 480 weeks

EC17 0.6 Short cycles of 48 weeks Cycles of 48 weeks Alternates between

are contained in long cycles 146177 and 158358

of 480 weeks

EC18 0.7 Chaotic Chaotic Alternates between

146177 and 158358

ec19 0.8 Chaotic Chaotic Alternates between

146177 and 158358

ec3 0.9 Chaotic Chaotic Alternates between

146177 and 158358

EC20 0.96 Short cycles of 48 weeks Short cycles of 48 weeks Alternates between

are contained in long cycles are contained in long cycles 146177 and 158358

of 480 weeks of 480 weeks

Table 7.6 continues on next page.
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Table 7.6 continues from last page.

Condition MUSTVRSP/

MCFGSTVRSP/

MCDMSTVRSP

(a*)

Steady State Pattern of

the Time Series of

CWOCAB

Steady State Pattern of

the Time Series of

CWOCABVBOQP

Steady State

Pattern of the Time

Series of

CMUSBBOQP

ec21 1 Short cycles of 240 weeks

are contained in long cycles

of 480 weeks

Cycles of 240 weeks Alternates between

146177 and 158358

IE. Discussion

Referring to Table 7.6, the appearances of periodic, and chaotic cash
account balance behaviour as the managerially determined MUSTVRSP,
MCFGSTVRSP and MCDMSTVRSP (i.e., the information smoothing
parameters, that involved in the information processing procedure
employed by the marketing, production, and purchase managers) are
varied in a range of values that are arguably accessible in the real business
world means that a 'yes' answer to Research Question 2.

Although the lack of observed route to chaos through a series of period-
doubling bifurcations makes it difficult to recommend with much
confidence in what direction MUSTVRSP, MCFGSTVRSP and
MCDMSTVRSP should be varied by the management so that the chance
of annihilating the apparently random fluctuations in the cash account
balance behaviour can be increased, the results shown in Table 7.6 do
invite the following 'speculative' generalization. (See also the cautionary
note of the reliability of induction made from observations of a nonlinear
dynamical system given at Section 5.11.)

For the values of MUSTVRSP, MCFGSTVRSP and MCDMSTVRSP
which are not very close to 1 the smaller the values employed by the
managers the more likely that the cash account balance behaviour is not
chaotic. On the other hand, chaotic cash account balance behaviour may
also be avoided when the values employed by the managers are very close
to 1, for example 0.96.
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The appearances of periodic, and chaotic CWOCABVBOQP behaviour are
also observed as MUSTVRSP, MCFGSTVRSP and MCDMSTVRSP are

varied from 0.1 to 1.

CMUSBBOQP exhibits periodic behaviour as MUSTVRSP, MCFGSTVRSP
and MCDMSTVRSP are varied from 0.1 to 1, irrespective to which mode
of steady state behaviour exhibited by CWOCAB and CWOCABVBOQP.
In addition, that two alternating values remain the same as these
parameters are varied from 0.1 to 1.

7.7.1.7 Experiments with EC3, EC22-EC31

The primary aim of performing this group of experiments is to study the
effect of the change in the values of the autonomy limits, that restrict the
size of the monthly budget adjustment multipliers employed by the
marketing, production, and purchase managers (see Sub-sections 7.3.5,
7.3.6 and 7.3.7), on the cash account balance behaviour. The results

provide an answer to Research Question 2.

I. Condition

The experiments have conditions EC3, EC22-EC31, which are:

AUDMQM 1.03 AVMORM 1.03 AOFMOEM 1.03

AUDLHM 1.03 AUCCM 1.03 ANMSM 1.03

AUMHM 1.03 AUSCCM 1.03 APEM 1.03

QDMP 1.96 AUOVNMOM 1.03 AOFNMOEM 1.03

ADLWRM 1.03 AMSM 1.03 F 1.8*lE-5

together with variations in the values of CFGSTAMLB, CDMSTAMLB,
USTAMUB, CFGSTAMUB and CDMSTAMUB shown in Table 7.7 below,

ranging from 0.9 to 1 for the former two and from 1 to 1.1 for the latter
three.

In each experiment the same value was assigned to (i) CFGSTAMLB and
CDMSTAMLB and (ii) USTAMUB and CFGSTAMUB and CDMSTAMUB
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respectively in order to reflect that there is a shared attitude (under the
influence of corporate culture) amongst the marketing, production, and
purchase managers towards the permissible autonomy limits. This pair of
values always differ from 1 by the same amount. Any such amount tried
out in this group of experiments is, in general, referred to as 8 henceforth.
The larger 8 means that there is a greater degree of autonomy exercised by
the managers.

II. Key Results

Table 7.7 Steady State Pattern Description of the Time Series of
CWOCAB, CWOCABVBOQP and CMUSBBOQP (EC3/ EC22-EC31)

Condition CFGSTAMLB/ USTAMUB/ 5 Steady State Steady State Steady State

CDMSTAMLB CFGSTAMUB/ Pattern of the Pattern of the Pattern of the

CDMSTAMUB Time Series of Time Series of Time Series of

CWOCAB CWOCABVBOQP CMUSBBOQP

eca, 1 1 0 Short cycles of 48 Cycles of 24 weeks Alternates

weeks are between

contained in long 146177 and

cycles of 480 158358

weeks

ec2 0.99 1.01 0.01 Short cycles of 48 Cycles of 24 weeks Alternates

weeks are between

contained in long 146177 and

cycles of 480 158358

weeks

ec24 0.98 1.02 0.02 Short cycles of 48 Cycles of 48 weeks Alternates

weeks are between

contained in long 146177 and

cycles of 480 158358

weeks

Table 7.7 continues on next page.
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Table 7.7 continues from last page.

Condition CFCSTAMLB/ USTAMUB/ 5 Steady State Steady State Steady State

CDMSTAMLB CFGSTAMUB/ Pattern of the Pattern of the Pattern of the

CDMSTAMUB Time Series of

CWOCAB

Time Series of

CWOCABVBOQP

Time Series of

CMUSBBOQP

EC^ 0.97 1.03 0.03 Short cycles of 48

weeks are

contained in long

cycles of 480

weeks

Cycles of 48 weeks Alternates

between

146177 and

158358

ec26 0.96 1.04 0.04 Short cycles of 48

weeks are

contained in long

cycles of 480

weeks

Cycles of 48 weeks Alternates

between

146177 and

158358

ecy 0.95 1.05 0.05 Chaotic Chaotic Alternates

between

146177 and

158358

ecjg 0.94 1.06 0.06 Chaotic Chaotic Alternates

between

146177 and

158358

EC29 0.93 1.07 0.07 Chaotic Chaotic Alternates

between

146177 and

158358

ec30 0.92 1.08 0.08 Short cycles of 48

weeks are

contained in long

cycles of 480

weeks

Short cycles of 48

weeks are

contained in long

cycles of 480

weeks

Alternates

between

146177 and

158358

Table 7.7 continues on next page.
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Table 7.7 continues from last page.

Condition CFGSTAMLB/ USTAMUB/ 5 Steady State Steady State Steady State

CDMSTAMLB CFGSTAMUB/ Pattern of the Pattern of the Pattern of the

CDMSTAMUB Time Series of

CWOCAB

Time Series of

CWOCABVBOQP

Time Series of

CMUSBBOQP

ec31 0.91 1.09 0.09 Chaotic Chaotic Alternates

between

146177 and

158358

ec3 0.90 1.10 0.10 Chaotic Chaotic Alternates

between

146177 and

158358

III. Discussion

Referring to Table 7.7, the appearances of periodic, and chaotic cash
account balance behaviour as the managerially determined CFGSTAMLB,
CDMSTAMLB, USTAMUB, CFGSTAMUB and CDMSTAMUB (i.e., the
autonomy limits, that restrict the size of the monthly budget adjustment
multipliers employed by the marketing, production, and purchase
managers) are varied in a range of values that are arguably accessible in
the real business world means that a 'yes' answer to Research Question 2.

Although the lack of observed route to chaos through a series of period-
doubling bifurcations makes it difficult to recommend with much
confidence in what direction (i) CFGSTAMLB and CDMSTAMLB and (ii)
USTAMUB and CFGSTAMUB and CDMSTAMUB respectively should be
varied by the management so that the chance of annihilating the
apparently random fluctuations in the cash account balance behaviour
can be increased, the results shown in Table 7.7 do invite the following
'speculative' generalization. (See also the cautionary note of the reliability
of induction made from observations of a nonlinear dynamical system
given at Section 5.11.)
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The larger the values of CFGSTAMLB and CDMSTAMLB and the smaller
the values of USTAMUB and CFGSTAMUB and CDMSTAMUB

employed by the managers the more likely that the cash account balance
behaviour is not chaotic. However, it should also be realized that periodic
cash account balance behaviour has 'surprisingly' appeared when
CFGSTAMLB and CDMSTAMLB equal 0.92 and USTAMUB and
CFGSTAMUB and CDMSTAMUB equal 1.08.

The appearances of periodic, and chaotic CWOCABVBOQP behaviour are
also observed as (i) CFGSTAMLB and CDMSTAMLB and (ii) USTAMUB
and CFGSTAMUB and CDMSTAMUB are varied from 1 to 0.9 and 1 to 1.1

respectively.

CMUSBBOQP exhibits periodic behaviour as (i) CFGSTAMLB and
CDMSTAMLB and (ii) USTAMUB and CFGSTAMUB and CDMSTAMUB
are varied from 1 to 0.9 and 1 to 1.1 respectively, irrespective to which
mode of steady state behaviour exhibited by CWOCAB and
CWOCABVBOQP. In addition, that two alternating values remain the
same as these parameters are varied from 1 to 0.9 and 1 to 1.1 respectively.
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7.7.1.8 Experiments with EC32

The primary aim of performing this experiment is to study the effect of a
substantially different size, 8000 customer units rather than 4000 customer
units as in EQ-EC31, of the first batch of customers (see Sub-section 7.3.10)
on the cash account balance behaviour.

I. Condition

EC32:

SUCRR 8000 AVMORM 1.03 ANMSM 1.03

AUDMQM 1.03 AUCCM 1.03 APEM 1.03

AUDLHM 1.03 AUSCCM 1.03 AOFNMOEM 1.03

AUMHM 1.03 AUOVNMOM 1.03 F 1.8*lE-5

QDMP 1.96 AMSM 1.03

ADLWRM 1.03 AOFMOEM 1.03

II. Key Results

CWOCAB
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Figure 7.16a Time Plot of CWOCAB from Week -16 to Week 1212 (EC32)
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CWOCAB
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Figure 7.16b Time Plot of CWOCAB from Week 1008 to Week 1212
(EC32)
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CWOCABVBOQP
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Figure 7.17b Time Plot of CWOCABVBOQP from Week 1008 to Week
1212 (EC32)
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Figure 7.18 Ogive of the Time Series of CWOCABVBOQP from Week 240
to Week 1212 (EC32)
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Table 7.8 Steady State Pattern Description of the Time Series of
CWOCAB, CWOCABVBOQP and CMUSBBOQP (EC32)

Steady State Pattern of the Time

Series of CWOCAB

Steady State Pattern of the Time

Series of CWOCABVBOQP

Steady State Pattern of the

Time Series of CMUSBBOQP

Short cycles of 48 weeks are

contained in long cycles of 480 weeks

Short cycles of 48 weeks are

contained in long cycles of 480 weeks

Alternates between 146177 and

158358

III. Discussion

The time plots of CWOCAB shown in Figures 7.16a & b appear to be
fluctuating regularly, together with the result of Analysis 2 suggests the
time series is periodic, it can be safely concluded that EC32 generates
periodic cash account balance behaviour with short cycles of 48 weeks
being contained in long cycles of 480 weeks.

The time plots of CWOCABVBOQP shown in Figures 7.17a & b appear to
be fluctuating regularly, together with the result of Analysis 2 suggests the
time series is periodic, it can be safely concluded that EC32 generates
periodic CWOCABVBOQP behaviour with short cycles of 48 weeks being
contained in long cycles of 480 weeks.

From Figure 7.18, approximately 23% of the time CWOCABVBOQP is
zero, and approximately 44% of the time CWOCABVBOQP falls within
the range from £-10000 to £10000. The worst cases for CWOCABVBOQP
are roughly around £-82000. It is argued that the bank may feel quite
worried about the cash management of the firm, and it may suspect the
cash account balance prediction made quarterly by the firm as very
unreliable.

EC32 and EC3 are the same except in the value of SUCRR, which
determines the first non-zero value of CWOCS that appears at Week 5.
Together with the above results it suggests the coexistence of at least one
(stable) closed orbit and one strange attractor for the system model with
parameter values given by EC32 (or EC3), all with different attraction
basins. See also Sub-section 5.3.5.1.
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Comparing the ogive in Figure 7.15 with that in Figure 7.18, it can be
argued that the prediction performance of the firm given by experiment
with EC3 are better than that given by experiment with EC32, for example
the variances associated with the latter take up more extreme values than
those associated with former.

The existence of multiple attractors deduced above and the patterns of
steady state behaviour of CWOCAB and CWOCABVBOQP generated by
the 'perturbation experiment' (described in Analysis 4) with EC32 after the
small perturbation were found to be the same as those generated by the
'nominal experiment' with EC32 led to an additional experiment. The
latter was done in order to see whether a single shock (i.e., perturbation of
substantial size) of 394 customer units occurs to CWOCS at Week 280 to
this system model with EC32 can change the behaviour of CWOCAB and
CWOCABVBOQP from periodic to chaotic. This experiment is referred to
EC32S below. The key results are given as follows.
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Figure 7.19a Time Plot of CWOCAB from Week -16 to Week 1212 (EC32S)
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Figure 7.20 Time Plot of the Change in CWOCAB from Week 672 to
Week 1212 After a Perturbation of 1 Customer Unit Flas

Occurred to CWOCS at Week 697 (EC32S)
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CWOCABVBOQP
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Figure 7.22 Time Plot of the Change in CWOCABVBOQP from Week 672
to Week 1212 After a Perturbation of 1 Customer Unit Has

Occurred to CWOCS at Week 697 (EC32S)
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Figure 7.23 Ogive of the Time Series of CWOCABVBOQP from Week 336
to Week 1212 (EC32S)
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Table 7.9 Steady State Pattern Description of the Time Series of
CWOCAB, CWOCABVBOQP and CMUSBBOQP (EC32S)

Steady State Pattern of the Time

Series of CWOCAB

Steady State Pattern of the Time

Series of CWOCABVBOQP After

the Shock

Steady State Pattern of the

Time Series of CMUSBBOQP

Chaotic Chaotic Alternates between 146177 and

158358

The time plots of CWOCAB shown in Figures 7.19a & b appear to be
fluctuating randomly after the shock, together with the result of 'the
perturbation test' (Analysis 4) suggests the time series after the shock is
chaotic, see Figure 7.20, it can be safely concluded that 'EC32 together with
a single shock of 394 customer units occurs to CWOCS at Week 280'
generates chaotic cash account balance behaviour after the shock.

The time plots of CWOCABVBOQP shown in Figures 7.21a & b appear to
be fluctuating randomly after the shock, together with the result of 'the
perturbation test' (Analysis 4) suggests the time series after the shock is
chaotic, see Figure 7.22, it can be safely concluded that 'EC32 together with
a single shock of 394 customer units occurs to CWOCS at Week 280'
generates chaotic CWOCABVBOQP behaviour after the shock.

The above results provide the insight that the smallest incident, a

temporarily surge in customers here, may spark off sustained chaos in the
cash account balance (and CWOCABVBOQP) behaviour out of proportion
to the immediate cause. Conversely it can also be argued that a shock-
therapy initiated by the top management of the firm may also bring the
cash account balance (and CWOCABVBOQP) behaviour from chaotic to

periodic.

From Figure 7.23, approximately 33% of the time after the shock
CWOCABVBOQP is zero, and approximately 58% of the time after the
shock CWOCABVBOQP falls within the range which is from £-10000 to
£10000. The worst cases for CWOCABVBOQP are roughly around £-46500.
It is argued that the bank may feel a little bit worried about the cash

237



management of the firm, but it cannot dismiss the cash account balance
prediction made quarterly by the firm as very unreliable.

Comparing the ogive in Figure 7.15 with that in Figure 7.23, it is observed
that there is a close resemblance between them. A plausible explanation is
that: after the shock the CWOCABVBOQP behaviour is under the
influence of that same underlying strange attractor which influences the
CWOCABVBOQP behaviour in experiment with EC3.

7.7.1.9 General Comments on the Other Outputs of Experiments with
EC1-EC32

A. Decided Value Of Previous Financial Year Depreciation Deducted
Before Tax Accounting Profit (DVOPFYDDBTAP)

In all the experiments the values of DVOPFYDDBTAP are positive, this
indicates that over the years the firm makes yearly pre-tax accounting
profit. A typical value of DVOPFYDDBTAP falls within the range which
is from one to four million pounds.

B. Current Week Opening Cash And Near Cash Assets (CWOCANCA)

CWOCANCA is an aggregate of the positive cash account balance (i.e.
cash at the bank) and the short term investment (i.e., near cash). In all the
experiments the time series of CWOCANCA exhibit a general pattern of
an irpward trend sprinkled with fluctuations. The latter shows some

degree of regularity, irrespective to which mode of steady state behaviour
CWOCAB exhibits. Figures 7.24a & b and 7.25a & b below show two
illustrations.
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Figure 7.25a Time Plot of CWOCANCA from Week -16 to Week 1212
(EC32)

CWOCANCA

1.900e+07

1.800e+07

1.700e+07

1.600e+07

1.500e+07

1.400e+07

1300c+07

1008 1024 1040 1 056 1072 1088 1104 1120 1136 1152 1168 1184 1200

Time

Figure 7.25b Time Plot of CWOCANCA from Week 1008 to Week 1212
(EC32)
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C. Current Week Opening Customers Size (CWOCS), Current Week
Opening Widget Orders Backlog (CWOWOB), Current Week Opening
Finished Goods Stock Physical Size (CWOFGSPS) and Current Week
Opening Direct Materials Stock Physical Size (CWODMSPS)

In all the experiments the modes of steady state behaviour of CWOCS,
CWOWOB, CWOFGSPS, CWODMSPS are always the same as that of
CWOCAB. However, the steady state patterns of the time series of
CWOCS, CWOWOB, CWOFGSPS and CWODMSPS do not show long
cycles of 480 weeks. For example, experiment with EC32 generates
periodicities of 48 weeks for the respective time series of CWOCS,
CWOWOB, CWOFGSPS and CWODMSPS; experiment with EC9
generates periodicities of 16 weeks, 16 weeks, 16 weeks and 48 weeks for
the respective time series of CWOCS, CWOWOB, CWOFGSPS and
CWODMSPS.

Figures 7.26a & b to 7.33a & b below serve as illustrations.
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Figure 7.26a Time Plot of CWOCS from Week -16 to Week 1212 (EC3)
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Figure 7.26b Time Plot of CWOCS from Week 1008 to Week 1212 (EC3)
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Figure 7.27a Time Plot of CWOCS from Week -16 to Week 1212 (EC32)
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Figure 7.27b Time Plot of CWOCS from Week 1008 to Week 1212 (EC32)
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Figure 7.28a Time Plot of CWOWOB from Week -16 to Week 1212 (EC3)
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Figure 7.29a Time Plot of CWOWOB from Week -16 to Week 1212 (EC32)
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Figure 7.30a Time Plot of CWOFGSPS from Week -16 to Week 1212 (EC3)
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Figure 7.30b Time Plot of CWOFGSPS from Week 1008 to Week 1212
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Figure 7.32a Time Plot of CWODMSPS from Week -16 to Week 1212
(EC3)
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Figure 7.32b Time Plot of CWODMSPS from Week 1008 to Week 1212
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Figure 7.33a Time Plot of CWODMSPS from Week -16 to Week 1212
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Figure 7.33b Time Plot of CWODMSPS from Week 1008 to Week 1212
(EC32)

In order to understand more about the behaviour of the financial
business variables, experiments with EC3 and EC32 were rerun with
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'Current Week Opening Accounts Receivable' (CWOAR) and 'Current
Week Opening Direct Materials Payable' (CWODMP) as their outputs The
time plots of CWOAR and CWODMP are given in Figures 7.34a & b to
7.37a & b below.
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Figure 7.34a Time Plot of CWOAR from Week -16 to Week 1212 (EC3)
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Figure 7.34b Time Plot of CWOAR from Week 1008 to Week 1212 (EC3)
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Figure 7.35a Time Plot of CWOAR from Week -16 to Week 1212 (EC32)
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Figure 7.35b Time Plot of CWOAR from Week 1008 to Week 1212 (EC32)
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Figure 7.36a Time Plot of CWODMP from Week -16 to Week 1212 (EC3)
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Figure 7.36b Time Plot of CWODMP from Week 1008 to Week 1212 (EC3)
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Figure 7.37a Time Plot of CWODMP from Week -16 to Week 1212 (EC32)
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Figures 7.38a to f and 7.39a to f below present some phase plots of part of
the trajectory of the system model based on data obtained from
experiments with EC3 and EC32. In these phase plots the position of the
values of the pair of variables at a particular time is located by a circle
marker and the straight lines which join pairs of circle markers together
are used only for the purpose of expressing the motion aspect of the
trajectory.
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Figure 7.38e Phase Plot of the Trajectory from Week 960 to Week 1212
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The trajectory shown by the phase plots in Figures 7.38a to f moves in a

very complicated way. In comparison, the periodic trajectory revealed by
the phase plots in Figures 7.39a to f moves in a less complicated way,

however, the motion is still far from simple.

Although the trajectory shown by the phase plots in Figures 7.38a to f is
not periodic, it does re-visit (note: each time follows a different route)
certain 'regions' in the state space, and some regions are re-visited more

frequently than the others. This means that a statistical description can be
made about the probability of occurrences of the values of the variables
concerned, a discussion of the chaotic behaviour in this aspect is given in
Sub-section 5.8.1.
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D. Current Week Opening Cash And Near Cash Variance Based On
Quarterly Planning (CWOCANCVBOQP), Current Week Unit Sales
Variance Based On Quarterly Planning (CWUSVBOQP), Current
Week Opening Finished Goods Stock Physical Size Variance Based On
Quarterly Planning (CWOFGSPSVBOQP), and Current Week Opening
Direct Materials Stock Physical Size Variance Based On Quarterly
Planning (CWODMSPSVBOQP)

For experiment with EQ the time series of CWOCANCVBOQP,
CWUSVBOQP, CWOFGSPSVBOQP, and CWODMSPSVBOQP are all
constantly zero, allowing for the tolerance of computational error of
1E-12.

The simulated constantly zero CWOCANCVBOQP/CWUSVBOQP/
CWOFGSPSVBOQP/CWODMSPSVBOQP behaviour has provided some
evidence to model validity in the aspects of consistency and algorithmic
validity (see Section 7.6) because it matches that argued logically from EQ.

In all the other experiments the time series of CWOCANCVBOQP,
CWUSVBOQP, CWOFGSPSVBOQP, and CWODMSPSVBOQP are

generally fluctuating periodically or chaotically.

E. Widget Orders Incoming Rate (WOIR)

In all the experiments the modes of steady state behaviour of WOIR are

always the same as that of CWOCAB, but the steady state patterns of the
time series of WOIR do not exhibit long cycles of 480 weeks. The
appearances of periodic, and chaotic WOIR behaviour as the managerially
determined parameters (i.e., NBYMOFGSP, YFNBYMOFGSPE,
NBYMODMSP, YFNBYMODMSPE, MUSTVRSP, MCFGSTVRSP,
MCDMSTVRSP, CFGSTAMLB, CDMSTAMLB, USTAMUB,
CFGSTAMUB and CDMSTAMUB) are varied suggest that the
fluctuations and uncertainty in the incoming widget orders, which are

usually attributed to external causes, may be partially generated by the
firm's own planning and control activities. Figures 7.40a & b and
7.41a & b below show two illustrations.
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Time

Figure 7.40a Time Plot of WOIR from Week -16 to Week 1212 (EC3)

Time

Figure 7.40b Time Plot of WOIR from Week 1008 to Week 1212 (EC3)
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Time

Figure 7.41a Time Plot of WOIR from Week -16 to Week 1212 (EC32)

Figure 7.41b Time Plot of WOIR from Week 1008 to Week 1212 (EC32)
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F. Counts Of Exceeding Overdraft Limit (COEOL) and Current Week
Opening Loan Borrowed From Directors (CWOLBFD)

COEOL at a particular week gives the number of times the firm has
exceeded the quarterly reviewed overdraft limit, counted cumulatively
from Week -16 to that week. Thus it may be viewed as an alarm signal by
the bank and the firm. CWOLBFD at a particular week gives the total
amount of loan borrowed from the shareholder directors, summed

cumulatively from Week -16 to that week. It is also the cumulative sum
of all the previous outstanding amounts when the overdraft limits were
exceeded. Therefore it may be viewed as another alarm signal to the bank
and the firm. The shareholder directors may feel particularly concern
about these two alarm signals because they have to supply loan to the
firm whenever the overdraft limit is exceeded. In below COEOL and

CWOLBFD at Week 1212 is studied.

For experiment with EC] COEOL and CWOLBFD at Week 1212 are zero.
This also means that the time series of COEOL and CWOLBFD are

constantly zero.

The simulated constantly zero COEOL/CWOLBFD behaviour has
provided some evidence to model validity in the aspects of consistency
and algorithmic validity (see Section 7.6) because it matches that argued
logically from EQ.

For experiment with EC2 COEOL and CWOLBFD at Week 1212 are 400 and
5728163 respectively.

For experiment with EC3 COEOL and CWOLBFD at Week 1212 are 498 and
5987780 respectively.

For experiment with EC32 COEOL and CWOLBFD at Week 1212 are 586
and 12682374 respectively.

For experiment with EC32 (together with a single shock of 394 customer
units occurs to CWOCS at Week 280) COEOL and CWOLBFD at
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Week 1212 are 512 and 7749031 respectively.

In Figures 7.42 to 7.47 below an experiment is identified by its specific
value of p/a*/8. (Note: the definitions of (Va*/8 were given at Part I of
Sub-sections 7.7.1.5, 7.7.1.6 and 7.7.1.7 respectively.) The letter under any
particular circle marker indicates the mode of steady state behaviour of
CWOCAB (and CWOCABVBOQP) found in the corresponding
experiment. 'P' stands for periodic and 'C' stands for chaotic.
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Here the values of COEOL at Week 1212 are plotted against different
values of p in the group of experiments EC3, EC4-EC11.

COEOL at Week 1212

840

760 -

680

600 -

520

f*

P

>

Q n
;
c -

i i 1 1 i 1 1 1 1 1 1360

0 0.05 0.1 0.15 0.2 0.25 03 0.35 0.4 0.45 05

P

Figure 7.42 COEOL at Week 1212 Vs [3 (EC3/ EC4-EC11)

Here the values of CWOLBFD at Week 1212 are plotted against different
values of (3 in the group of experiments EC3/ EC4-EC11.
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Figure 7.43 CWOLBFD at Week 1212 Vs (3 (EC3/ EC4-ECn)
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Here the values of COEOL at Week 1212 are plotted against different
values of a* in the group of experiments EC3, EC12-EC21.
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Figure 7.44 COEOL atWeek 1212 Vs a* (EC3/ ECi2-EC2i)

Here the values of CWOLBFD at Week 1212 are plotted against different
values of a* in the group of experiments EC3, EC12-EC21.
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Here the values of COEOL at Week 1212 are plotted against different
values of 8 in the group of experiments EC3, EC22-EC31.
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Figure 7.46 COEOL at Week 1212 Vs 5 (EC3/ EC22-EC31)

Here the values of CWOLBFD at Week 1212 are plotted against different
values of 8 in the group of experiments EC3/ EC22-EC3].
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Figures 7.42 to 7.47 show that the values of COEOL and CWOLBFD at
Week 1212 associated with chaotic CWOCAB behaviour are, generally
speaking, lower than those associated with periodic CWOCAB behaviour.
This phenomenon is also observed among the results given in the early
part of this sub-section. Thus it is argued that a success in annihilating the
apparently random fluctuations in CWOCAB behaviour by manipulating
the values of the parameters (i.e., NBYMOFGSP, YFNBYMOFGSPE,
NBYMODMSP, YFNBYMODMSPE, MUSTVRSP, MCFGSTVRSP,
MCDMSTVRSP, CFGSTAMLB, CDMSTAMLB, USTAMUB,
CFGSTAMUB and CDMSTAMUB) may lead to an increase in the number
of extreme fluctuations in its behaviour in terms of frequency and size.
This raises an interesting question: i.e., given that the supra-system which
has the authority to annihilate the system can tolerate the uncertain
outlook of its chaotic behaviour is it better sometimes to have chaotic

behaviour than periodic behaviour?

7.7.1.10 The Variances of Unit Sales, Closing Monthly Finished-
Goods/Direct-Materials Stock

In order to obtain a better understanding of the behaviour of the budget
performance, measured by that official variance (expressed as ratio)
reviewed by the budget committee, of the marketing, production and
purchase managers respectively, experiments with EC3 and EC32 were
rerun with variables 'Last Month Unit Sales Variance Ratio' (LMUSVR),
'Last Month Closing Finished Goods Stock Variance Ratio' (LMCFGSVR),
and 'Last Month Closing Direct Materials Stock Variance Ratio'
(LMCDMSVR) as their outputs. The ogives of LMUSVR, LMCFGSVR,
and LMCDMSVR are given in Figures 7.48a, b & c and 7.49a, b & c below.
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Although the ogives in Figures 7.48a, b & c and 7.49a, b & c do not indicate
that the managers have done an excellent job in controlling their budgets,
they suggest that the managers have performed satisfactorily because
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roughly half of the time or more the variances (in ratios) fall within the
range which is from -0.1 to 0.1.

Comparing the ogives in Figures 7.48a, b & c with those in Figures 7.49a, b
& c, it can be argued that the budget performances of the managers given
by experiment with EC3 are better than those given by experiment with
EC32, for example the variances associated with the latter take up more
extreme values than those associated with former.

7.7.1.11 Operating Cash Flow and Its Variance

It is mentioned in Section 7.1 that the behaviour of operating cash flow
has attracted the research interests of some academics. Thus, it might be
worthwhile to know learn a bit more about the behaviour of the model

system in this aspect. Thus, experiments with EC3 and EC32 were rerun
with variables 'Operating Cash Flow Rate' (OCFR) and 'Current Week
Operating Cash Flow Variance Based On Quarterly Planning'
(CWOCFVBOQP) as their outputs. The key results are given as follows.

Time

Figure 7.50a Time Plot of OCFR from Week -16 to Week 1212 (EC3)
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Figure 7.53 Time Plot of the Change in CWOCFVBOQP from Week 672
to Week 1212 After a Perturbation of 1 Customer Unit Has

Occurred to CWOCS at Week 697 (EC3)
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The time plots of OCFR shown in Figures 7.50a & b appear to be
fluctuating randomly, together with the result of 'the perturbation test'
(Analysis 4) suggests the time series is chaotic, see Figure 7.51, it can be
safely concluded that EC3 generates chaotic weekly operating cash flow
behaviour.

The time plots of CWOCFVBOQP shown in Figures 7.52a & b appear to be
fluctuating randomly, together with the result of 'the perturbation test'
(Analysis 4) suggests the time series is chaotic, see Figure 7.53, it can be
safely concluded that EC3 generates chaotic CWOCFVBOQP behaviour.

The time plots of OCFR shown in Figures 7.55a & b appear to be
fluctuating regularly, together with the result of Analysis 2 suggests the
time series is periodic, it can be safely concluded that EC32 generates
periodic weekly operating cash flow with short cycles of 48 weeks being
contained in long cycles of 480 weeks.

The time plots of CWOCFVBOQP shown in Figures 7.56a & b appear to be
fluctuating regularly, together with the result of Analysis 2 suggests the
time series is periodic, it can be safely concluded that EC32 generates
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periodic CWOCFVBOQP behaviour with short cycles of 48 weeks being
contained in long cycles of 480 weeks.

Comparing the ogive in Figure 7.54 with that in Figure 7.57, it can be
argued that the prediction performance of the firm given by experiment
with EC3 are better than that given by experiment with EC32, f°r example
the variances associated with the latter take up more extreme values than
those associated with former.

7.7.1.12 Localized Chaotic Behaviour

It might be worthwhile to realize only a sub-system of the system model
exhibits chaotic behaviour (with regard to the definition given in
Sub-section 5.8.1) based on the following observed facts. In all the
experiments,

1. the time series of the endogenous variable 'Current Month Unit Sales
Budget Based On Quarterly Planning' are periodic, irrespective to the
modes of steady state behaviour of the other variables. 'Current
Month Unit Sales Budget Based On Quarterly Planning' has
connection to 'Widget Orders Incoming Rate', the latter however may
exhibit chaotic behaviour.

2. 'Current Week Opening Cash And Near Cash Assets' and 'Counts Of
Exceeding Overdraft Limit' and 'Current Week Opening Loan
Borrowed From Directors' are variables apparently without upper-
bounds, i.e., they are not attracted by any finite regions in the state
space.
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7.8 Conclusions

By studying a large-scale complex system model of a hypothetical firm
and its business environment, this chapter has shown, under
circumstances which are not dramatically different from those expected by
the firm when its budgetary plan is executed, that:

1. there exists a deterministic explanation for the apparently random
behaviour of the cash account balance,

2. the generation and annihilation of the apparently random behaviour
of the cash account balance can be determined by the 'in-house'
managerial decision activities.

Thus, the answers to Research Questions 1 and 2 are demonstrated to be

'yes'.

The observations (1) and (2) made above were also found to be applicable
to a number of the firm's crucial business variables which are the cash

account balance variance, the customers size, the widget orders backlog,
the direct materials and finished goods stock sizes, and the widget orders
incoming rate.

It has shown that extreme fluctuations are not exclusive to chaotic time

series. A number of assuredly predictable time series were found to have
more extreme fluctuations than the chaotic time series in terms of

frequency and size. In general the underlying periodic attractors associated
with the former were found to be more hazardous to the effectiveness of

organization control of the firm than the underlying strange attractors
associated the latter. For example these periodic attractors entail more
breaches of overdraft limit in terms of frequency and size of outstanding
sum than their 'strange' counterparts.

It has also shown that the smallest incident such as a temporarily surge in
customers sparks off sustained chaotic behaviour in the firm's business
variables mentioned above out of all expected proportion to the
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immediate cause. This has been attributed primarily to the existence of
multiple attractors for the system model under the given condition.

These results promise that further research may produce eventually a
more solid conceptual foundation for the management of cash account
balance (and the firm's other business variables mentioned above) than
those presently on offer.

It is argued that one logical consequence of assuming (i) the values of the
group of 'actual basic cost-measure multipliers', see Sub-section 7.2.2.4, to
be 1 and (ii) the estimates/planned-values of the collection/payment
fractions for items of various age ranges of the accounts-receivable/direct-
materials-payable to be identical to the corresponding actual fractions in
the system model is that 'constantly zero behaviour' is exhibited by the
following endogenous variables.

1. The variances, which are based on quarterly planning, of the cash
account balance, the-cash-and-near-cash, the unit sales, and the
finished goods and direct materials stock sizes.

2. The number of times the firm has exceeded the quarterly reviewed
overdraft limit and the total amount of loan borrowed from the

shareholder directors.

The success in generating the 'constantly zero behaviour' for these
variables in the simulation experiment with the benchmark condition
(ECi) which includes the assumptions (i) and (ii) above has provided
some evidence to model validity in the aspects of consistency and
algorithmic validity (see Section 7.6).

Finally, it should be emphasized that the analysis in this chapter is not
considered as providing a unique and universal explanation for all
possible fluctuations found in the empirical time series of the cash
account balance. Rather it is regarded as one possible approach which may
be a useful complement to other explanations.
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Chapter 8

Conclusions and Further Research

The aim of this research has been to place the study of nonlinear
dynamics, in particular that of chaos, on the agenda of management
accounting so that it may make a contribution towards the understanding
of the issue of control in the complex and uncertain context of business
management.

Answers to Research Questions 1 and 2 stated in Section 1.2 were explored
by building and simulating two mathematical models associated
respectively with (i) a cost item in a standard costing system setting and
(ii) the cash account balance of a hypothetical firm with a budgetary
system.

The model structures were mainly supported by (i) the concept of 'control'
in organizations, (ii) business system modelling, and (iii) a theoretical
framework which originated in nonlinear dynamical systems theory. The
last also provided the basis for analysing and interpreting the simulation
results.

This chapter gives a summary of the findings of this research, discusses
the implications of these findings, lists the major contributions made by
this thesis to the field of study, states its limitations, suggests the areas for
further research, and, finally, closes the thesis with an epilogue.
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8.1 Summary of the Findings

1. Chaotic behaviour was observed in the simulation experiments based
on the deterministic models described in Chapters 6 and 7 respectively.
Varying the values of some chosen parameters associated with the 'in-
house' managerial decision activities was found to have the effect of
switching the mode of steady state behaviour of the target variables
from one to another. These findings are consistent with the
hypotheses that:

a. there exist deterministic explanations for the apparently random
fluctuations in the behaviour of the business variables,

b. these deterministic explanations could enable managers to modify
their control systems so as to reduce the apparently random
fluctuations in the behaviour of the business variables.

Thus the answers to Research Questions 1 and 2 were found to be 'yes'.

2. It was found in Chapter 6 that:

a. there is a similarity between the shapes of the histograms derived
from a chaotic actual cost time series and its three segments. Thus
the chaotic actual cost time series can be considered to have

persistent 'order' from a statistical perspective.

b. the values of a number of statistics (i.e., the estimate of the largest
Lyapunov exponent, the average, the standard deviation, the
skewness of the frequency distribution, and the proportion of
actual cost outcomes which have values smaller than the standard)
of the actual cost time series vary with the values of at least one
managerially determined parameter (i.e., the cost standard set).

3. It was found in Chapter 7 that extreme fluctuations are not exclusive
to chaotic time series. A number of assuredly predictable time series
were found to have more extreme fluctuations than the chaotic time
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series in terms of both frequency and size. In general the underlying
periodic attractors associated with the former could possibly to be more
hazardous to the effectiveness of organization control of the firm than
the underlying strange attractors associated the latter.

4. It was found in Chapter 7 that even a very small incident such as a

temporarily surge in customers may spark off sustained chaotic
behaviour in various business variables of the firm out of all expected
proportion to the immediate cause. This has been attributed primarily
to the existence of multiple attractors for the system model under the
given condition.

8.2 Implications of the Findings

1. System designers may intend their systems to achieve stable
equilibrium, or regularly oscillating, behaviour, as an expression of
the general desire of searching for certainty. But the observation of the
chaotic behaviour of the business variables stated in (1) of Section 8.1

supports the argument that the 'turn-out-to-be' unexpected and
unintended apparently random system behaviour may not be just a
linear combination of the presumed to be stable equilibrium, or
regularly oscillating, behaviour and exogenous noise. It could be due
to the operation of the dynamical law of a behind-the-scene strange
attractor.

The above discussion suggests that some classes of business
phenomena may have been mis-identified with a model structure
based on a presumption of a stable equilibrium, or regularly
oscillating, behaviour and an exogenous stochastic component (i.e.,
noise). Thus, re-examination and re-identification of the structures of
such system models may be worthwhile.

2. The traditional time series analysis attributes the apparently random
fluctuations in general to exogenous noise that happens by chance,
and tends to identify those large fluctuations (they are given the
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jargon 'outliers') as erroneous data. Flood and Carson (1988, p. 218)
point out:

It is useful in the first instance to plot the time series. This enables outliers to be
quickly located. Outliers often arise from errors in measurement.

But they continue:

However, large changes in some processes may occur naturally, and the possibility
of such changes should not be discounted.

Flood and Carson's remarks echo the fact that the occurrences of

outliers are well recognized in the time series analysis of empirical
data but as yet there are no consistent explanations of them especially
when they are viewed as separable from the presumed to be
'stationary' non-outliers. The observation of the chaotic behaviour of
the business variables stated in (1) of Section 8.1 suggests that the large
and small fluctuations (jumps) in the apparently random (and
stationary) behaviour could both be explained by a single theoretical
framework.

3. Given that there are circumstances in which stable equilibrium is not
achievable or is very costly to achieve, the designer of a business
system has to choose the lesser evil between the regularly oscillating
and the chaotic behaviour. Which one should he choose?

At first sight, the threatening uncertainty associated with the apparent
randomness and the lack of long term predictability of the chaotic
behaviour seems to make such behaviour an impossible choice.
FFowever, it could be argued that chaotic behaviour does not
necessarily lead to catastrophe and managerial systems producing such
behaviour may possibly survive (i.e., be tolerated by systems of higher
order) in the long run. As seen in Chapter 6 there exists quite a wide
range of situations associated with chaotic actual cost behaviour where
the manager does not need to resign, and the long term average and
'bounded' fluctuations of the actual cost may be of such values that
they may still be accepted by the senior management. Together with
the observation that some periodic attractors may be more hazardous
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to the effectiveness of organizational control of the firm than their
chaotic counterparts, it appears that it may not always be a bad thing
for the designer to allow the emergence of chaotic behaviour in a

designed system.

4. Given that the management has to live with the emergence of chaotic
behaviour in their business systems, the observation of the
dependence of the values of a number of 'statistics' of the actual cost
time series on the values of a managerially determined parameter
(such as the cost standard) stated in (2) of Section 8.1 suggests that it is
possible for the management to manipulate the underlying control
parameters so that the chances of obtaining favourable business
outcomes may be increased.

5. The observation of the change in the mode of steady state behaviour
of the various business variables because of a 'shock' event stated in (4)
of Section 8.1 suggests that if the senior management wants to change
the mode of steady state behaviour of some business variables but is
reluctant to change 'the rules of the game' (or say, the practice) of the
firm it can try some sort of shock-therapy.

6. It is noticed in Chapter 7 that operating managers' deterministic
decision responses to their perceived business situations do not always
guarantee assuredly predictable business performances. Thus it is
likely that a firm's attempt to standardize its in-house decision
making, for instance by the development and use of expert systems,
automated decision-making or decision-support systems, may not lead
to a reduction of uncertainty.
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8.3 Major Contributions Made by this Thesis to the Field of Study

1. This thesis has brought the notion of chaos to management
accounting and control. I can claim that my approach is new to the
management accounting research.

The two case studies presented in Chapters 6 and 7 should be of
interest to the academics and practitioners. They illustrate to the
academics that the idea of 'chaos' has more than just metaphorical
value to the socio-economic and business problem domains. They also
provide the practitioners with strategic insight into some of their
control system problems.

2. This thesis demonstrates how incomplete the extant knowledge of the
modes of steady state behaviour of business systems really is.

Managerial research has not given very much consideration to the
possibility that a deterministic model could account for apparently
random phenomena. This thesis suggests that it is not necessary to
prescribe a stochastic modelling recipe, i.e., a probabilistic
representation, for an apparently random business situation. As an
alternative a causal model may do a better job if the control
parameter(s) of the controlled variable(s) could be identified and
manipulated.

3. It is common for social sciences researchers to use the discrete-time

concept in their modelling of dynamical systems; however, in the
literature of nonlinear dynamical systems theory there is less
discussion on discrete-time dynamical systems than on continuous-
time systems. The chapter on dynamical systems theory in this thesis
provides social sciences researchers with an exposition of some of the
mathematics of nonlinear discrete-time dynamical systems and may
be of assistance to them when researching into chaotic phenomena in
their own field.
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8.4 Limitations

1. The mathematical forms which represent relationships in the models
may be criticized as still too tentative, prescriptive, and restrictive.
However, it is argued that they may be improved and modified to
develop models for specific real world systems later on.

2. Some conceptual objects which are empirically difficult to observe or

simply unobservable are introduced into the models in order to
enhance the much needed clarity of the line of reasoning and hence
their 'explanatory power'. For instance the parameters 9], ^2' anc*
03 of the model of the cost control system of interest and the
parameters B, C, F, G, H of the model of the hypothetical firm and its
business environment may defy any kind of measurement effort in
field work. These two models at this stage cannot claim any respectable
status as predictive models.

3. The models cannot answer questions of details. However, their
explanatory power could possibly provide the business practitioners
with strategic insight into their control problems. It is also argued that
more precise questions can be asked much more sensibly when the
overall modes of steady state behaviour are understood first.

4. This thesis could not provide a unique explanation to the apparently
random fluctuations in the behaviour of the business variables

because several different causes may lead to the same phenomenon.

5. This thesis is restrained from making 'bold' generalizations from the
simulation results because dynamical systems theory is still in the
process of establishing reliable general rules that relate the system
characteristics to the parameter values for the nonlinear systems, see
Section 5.11.
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8.5 Further Research

1. It might be pointed out that in both Chapters 6 and 7 there remain
many possibilities of varying the conditions for experimentation. It is
worthwhile to experiment on the models with some of these 'not-yet-
tried' conditions. The following are several suggestions.

In Chapter 6, varying 'the multiplier which represents the adjustment
made by the manager on the cost predicted by him at the beginning of
a period for that period based on Holt's two-parameter exponential
smoothing method' may be used to study the implications of
optimistic vs pessimistic judgement made by the manager on the
actual cost behaviour, varying 'the respective smoothing parameters
associated with the smoothed actual cost and the trend in the

smoothed actual cost' may be used to study the implications of the
manager's attitude towards historical data on the actual cost
behaviour.

In Chapter 7, the finance department does not perform perfectly in its
cash collection and disbursement operations.

2. To study an extended model of the cost control system of interest. One
extension to the model may be that the senior management makes
regular revision of the cost standard by employing a decision
procedure which utilizes the information of the actual cost
performance.

3. To study a modified model of the hypothetical firm and its business
environment. Three modifications are suggested as follows.

a. The firm receives restricted financial support from its shareholder
directors and the bank. (This can help to study under what
conditions the firm will go bankrupt.)

b. There are feedback loops which thread through the cash
management and the operating activities of the firm.
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c. The behaviour of the actual costs controlled by the standard costing
system is chaotic (note: this can be done by incorporating that
model structure discussed in Chapter 6 into this model) against a
background that the cash account balance behaviour is originally
regular in order to see to what extent the chaotic performances of
such cost items can amplify into the apparently random
fluctuations in the cash account behaviour.

4. Researches which collect empirical data that can be used to compare, at
least qualitatively, with the simulated results of this research are
recommended.

5. To study the relationship between the viability of a business system
and the mode of steady state behaviour it exhibits.

6. More explorations into the assessment of chance (i.e., statistical
predictability which can serve as useful information) by using
deterministic models, although, paradoxically they may not be able to
deliver an assured long term prediction of the behaviour of the system
of interest. The directions are suggested as follows.

a. To study the design of the 'topological (or geometrical) structure' of
the underlying strange attractor of a managerial system so that the
chances of obtaining favourable business outcomes may be
increased. See also Sub-section 5.8.1.

The results of such a study might help to increase the
understanding of the operationalization aspect of the implication
(4) at Section 8.2.

b. To study whether a stochastic predictive model can be derived
from a chaotic causal model. This may be done by first generating
the data from the models of this research and then apply stochastic
modelling technique to the first part of these data. After that, to
check whether the resulting stochastic model when simulated can
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replicate closely the expected value (i.e., the time average) of the
remaining part of the data.

8.6 Epilogue

To close, it is important to emphasize that this thesis is intended
primarily as a demonstration of the potential of applying dynamical
systems theory to the understanding of control phenomena in
organizations. If it arouses genuine interest in the Management
Accounting and Systems readers in this subject area, especially to criticize
or amend some of the ideas proposed, it will be considered to have
fulfilled its principal purpose.
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