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ABSTRkCT 

this thesis describes and discusses the application of System 

Dynamics methodology as a basis for formulating diversification strategy 

and control policies of the largest diversifying cement company in the 

'United Kingdom. The problems of the industry such as stagnant growth, 

cyclic and seasonal variations in cement demand, and overcapacity are 

described. 

The formulation of a SD model of the situation which captures these 

problems together with its equations system are presented. The model also 

simulates the planning and control processes for the selection, 

initiation and completion of both expansion and diversification investment 

projects. It is argued and demonstrated that the fact that these processes 

consist of feedback loops should and could be utilized for understanding 

these processes, advancing complementary theoretical concepts, and 

designing and formulating more 'effective systems and decision rules. 

An intensive analysis of the model in SD frameworks further supports 

these arguments. These analyses reveal the nature of the system's dynamic 

properties and its likely developments, the dynamic and situational nature 

of diversification effectiveness, and the importance of several 

diversification decision factors. These analyses also show how complex 

the formulation of a thorough and effective diversification strategy may 

become together with the ways and means of dealing with these complexities.. 

It is concluded that the thrust of an effective diversification lies with 

the broadening of the conventional theoretical concepts and analysis to 

include the dynamic characteristics of the system. It is also concluded 

and shown that System Dynamics methodology can provide a strong 

analytical basis for achieving these ends. . 
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For decades, if not centuries, many companies have seen diversification 

as a way to grow to their full potential and to ensure a perpetual life 

span. Indeed, as observed by Glueck, the House of Tugger (sixteenth 

century) and the East India Company (eighteenth century) were quite 

diversified. Nevertheless, during the immediate post-World filar II decades, 

when new industries have been forming around the new needs of the modern 

life styles, diversification became the order of the day, and nowadays, 

companies operating in traditional industries such as cement, steel, 

shipbuilding, ... etc. are under pressure to diversify. Around the same 

time, a body of knowledge comprising mainly of descriptive theory was 

shaping and has come to be known by several interchangeable names, but 

mainly as business policy. The theoretical concepts were mainly formed in 

view of the historic decisions of companies and through the individual 

experiences of contributing authors. Later, many researchers have applied 

empirical research methods to the study of different aspects and concepts 

of business policy. Overall, while the business policy literature is an 

impressive body of knowledge, there is a substantial disarray and confusion 

regarding its concepts, and a widening gap between the theory and the 

practice of strategy and policy formulation. 

Perhaps never did this gap and the consequent managers disillusionment 

of strategic planning concepts come to light more than during the present 

turbulent decade. Lingering doubts were cast over the validity of the 

concepts and potential usefulness of them in practice. While there is no 

doubt that the managers are also responsible for the misunderstanding and 

misuses of the theoretical concepts, the fact remains that these concepts 

need a fresh re-examination for possible improvements, particularly in 

order to reduce the foregoing gap. 

I. 



This thesis is concerned with the application of System Dynamics 

(SD) methodology as a means for studying the possible ways to do so. It 

addresses the issue of the widely speculated upon and focal area of 

business policy, namely diversification, and does so through SD modelling 

and analysis of the leading firm in the traditional U. K. cement industry. 

Particular. attention is devoted to studying the ways that the conventional 

theoretical concepts might be broadened to accommodate the complex settings 

in which modern business organisations operate. In this sense, the 

present study is complementary to the existing knowledge. 

In order to make the best uses of the practically limited time and 

space at our disposal, the thesis assumes a basic knowledge of business 

policy and System Dynamics concepts. If this is not the case for a 

reader, the references given at the end of each chapter are some recommend- 

able texts on the subjects. Appendix 2. A at the end of the thesis further 

outlines a number of research studies in different topics of business 

policy. Finally, Chapter 3 describes the managerial and economic structure 

of cement industry, and those readers who are not familiar with the 

industry may find it useful to gloss through. 
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PART ONE: Introductions 

This part consists of three chapters: Chapter One is an 

introduction to present thesis. Chapter Two puts forward 

the theoretical arguments, to which this study is addressed, 

and Chapter Three describes the background system. 
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Chapter One 

INTRODUCTION 

1.1 Suima 

In this Chapter, we first discuss some issues that also identify the 

general areas with which the rest of this study is concerned. Then the 

study's overall objectives, -together with the approach taken here, are 

briefly discussed. Finally, we describe the organization of the present 

thesis. 

1.2 The Issues 

1.2.1 Strategy and Performance 

"Does strategy explain performance? " ask Hatten and Schendel (1976). 

To date, a substantial number of books, articles and case histories have 

tried to explore the concept of strategy, its formulation, and implementa- 

tion, and effects on performance. More recently, some researchers have 

applied empirical research methods to measure the effectiveness of different 

strategies. Over the years, educational establishments, led by Harvard 

Business School, have also advanced several concepts in the study of 

business policy which are still dominant as the basis on which most of 

; today's theoretical attempts are made. The method employed in business 

policy education is by studying cases, whereby students are asked to look 

at and examine the management's decisions and firm's historical performance 

in the hope of verifying and understanding the concepts. In the classroom, 

then, strategy often explains the performance, and it is also used to 

simplify the complex decision situations that managers are usually in. 

(Hatten and Schendel, 1976). 

In practice, on the other hand, managers are faced Stith the uncertainty 

and increasing complexities associated with the running of today's modern 
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businesses. Here, the simplistic theoretical concepts and strategic 

decisions classification fall short of resolving such simultaneously 

related issues as formulating appropriate objectives and appropriate 

deployment levels. Yet the managers armed u-rith insufficient tools, have 

to continuously grope about such complexities for the future. 

In so far as diversification strategy is concerned, many companies 

had. continual success by following this strategy whereas others with 

similar capabilities - as measured by conventional yardsticks - did not. 

Rirthermore, in practice, the diversification issues centre around such 

questions as: what industries are really suitable to diversify into, and 

in what sense? What level of diversity (deployment) is appropriate, how 

to define it, and when to achieve it? I-hat criteria should be used to 

choose between projects? In this study, we take the view that the issues 

surrounding diversification are far more complex than is usually 

. cknowledged in the classroom, and should be treated as such. Fiore 

specifically, we try to develop an understanding of-thesecomplexities - 

which requires bringing in other methods of analysis, and widening the range 

of conventional measures. 

1.2.2 Economic and Human Factors 

From early on in tue development of relevant concepts in the business 

policy field, the theorists recognised two sets of factors to be involved: 

Firstly, some rather readily measureable factors related to the firms' 

economics. These factors stem from the business organizations' function as 

producers of wealth, and a host of measurement conventions and criteria 

together with a number of normative models have been developed for defining 

and analyzing them. These factors and models are the primary subjects of 

management science iihich views business firms as 'economic-technical' 
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systems that attempt to maximize their efficiency. However, the strategy- 

performance phenomenon is often hard to understand through analysis of 

conventional measureable factors - particularly over the short period of 

time that is usually considered. (For example, most of cases described in 

Glueck (1976) give data for five years or less which is also a reflection 

of practice). The difficulty is to separate the operational efficiency 

from strategy effectiveness, as they both affect performance. 

The second set of factors, which are neither as easy to define nor as 

simple to measure, are those that stem from the fact that decisions and 

actions are ultimately taken by people who have individual needs, objectives, 

drives and motivations. These human factors relate to 'psychological' 

systems and informal organization structures of business firms. This is 

the subject of behavioural sciences which were developed to consider and 

understand the way people behave in organizations. The behavioural 

scientists view organizations as open system and primarily take the 

empirical approach for investigation. They take the view that the 

individuals in organizations are under the influence of their value systems, 

social and cultural systems, and the power-politics structure predominant 

in organizations, thus their decisions and actions are affected by these 

systems. (KAST and Rosenzweig, 1974, PP--410-35)- 

Notwithstanding the importance of these factors in strategic choices, 

the present study takes the view that within the framework of management 

science (the framework of modelling and analyzing 'measurable' factors) 

there is substantial analytical potential to handle strategic complexities 

that would suit the needs of both classrooms and executive suites, i. e. 

to enable us to explain the strategy-performance phenomenon. This we hope 

to achieve by formally introducing some-more 'economic' factors in 

diversification decision analysis. These factors are time-related (or 
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delays) that actually exist in management systems but either their 

importance has not been realized or the theorists have failed to develop a 

conceptual framework around them. 

1.2.3 Contingency Views 

An emerging way of thinking is sometimes called situational analysis 

but often referred to as contingency approach to management. Contingency 

views are usually expressed as divergents against the universalist ideas 

that the management principles are validly applicable to every situation. 

Perhaps the first shadows of doubt were cast on the universality of 

management principles by organization theorists who started to state that 

there is no 'one best way' to organize -a theme set after the classic works 

of Lorsch and Lawrence (1965). 'rainst the universal principles, some even 

talked of "Law of the situation". (Carlisle, 1908). However, the emergence 

of this approach which is expected by some writers to lead the way out of 

the-existing management theory jungle in the 1980's is also said to be the 

result of the shortcomings of management and behavioural sciences: 

"Two of the difficulties encountered in practice were that the 
quantitative people could not overcome behavioural problems and 
the behavioural people could not overcome operations problems 
adaptable to quantitative solutions. In the 1970's it is 
becoming more and more apparent that neither the quantitative 
nor behavioural approaches have all the answers for all 
situations". (Luthans, 1973). 

(While there is a lot of truth in the above observation, it justifies the 

existence and application of System Dynamics methodology. As this methodology 

can handle both quantitative end qualitative information, it is applicable 

to both close and open systems, and starts from the very heart of the 

'theory jungle' namely; management process approach in an attempt to lead 

the way out). 

f 
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Contrary to what it may seem at first sight, the contingency approach 

is neither a way to leave the practicing managers unguided nor provoke 

anarchism. It is an approach which "recognizes the complexities involved 

in managing modern organizations but uses patterns of relationships and/or 

configurations of sub-systems in order to facilitate improved practice". 

(Kast and Rosenzweig, 1972). It has already been applied to several 

subjects of organizations and management by different researchers. The 

'pattern of relationships' for each area is often sought by some distinctive 

variables defining different aspects of situations (almost analogous to 

independent variable in Algebra on one hand, and some others as 'dependent' 

variables). These patterns are mainly preliminary, in that only a limited 

number of variables of generic nature are considered. The ultimate patterns 

are hoped to be useful, in the sense that enoughLI+if ... then" statements 

could be concluded from them to cover a large number of situations. 

While the essence of contingency views are sensible and attractive, a 

measure of scepticism is in order, particularly in relation to the 

definition of rather idealized patterns of relationships. Despite the 

recognition of tine as a determinant dimension of situations on the part of 

contingency theorists, this idea has not yet fully integrated in the research 

works in the sense that an element of time dimension should be 'superimposed' 

on every other dimensions defining situations. Task, technology, customer 

needs and attitudes.... that are expected to define situations, change 

through time and may not be the same again - even if we could ever find 

some distinctive positions along each dimension. Voicing such scepticism 

about the adaption and usefulness of the approach in organization theory, 

Kast and Rosenzweig (1974) state: 

"Organizations and their environments are much too dynamic to 
allow us to set forth "laws" about relaticaiships. Zacher; we 
can only expect to identify tentative patterns of relation- 
ships among the organizational variables". 

f 
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An element of contingency views, nonetheless, has always been implicit 

in the study of business policy. The adaption of the much celebrated case 

study method as the way to learn about the principles involved, is itself 

an indication of the foregoing recognition. However, it has so far failed 

in both fronts: neither has it been able to advance a set of useful 

principles and concepts that could be practically applied universally, nor 

has any helpful contingent pattern of relationships emerged. All that is 

available are a few loosely defined simplistic concepts that fall short 

of practical applications. 

In this study we try to understand the situational nature of 

diversification. We also attempt to lay down a foundation on whose basis 

we will be able to find out what could really be the distinctive dimensions 

of situations, and which ones are more important than the others. That is 

to say that we will try to show the direction towards which future research 

attempts should be made for identifying a workable and useful pattern of 

relationships - if, of course, it is at all important or possible to have 

one. 

1.3 The Present Study 

1.3.1 The Approach 

Regarding the foregoing, issues, we will show that the application of 

i 

System Dynamics methodology can offer a strong basis for clarifying the 

concepts, identifying and understanding the complexities, and providing 

practical guidelines. The principles of SD methodology are set forth in 

lbrrester (1961) and are developed further in Coyle (1977). These 

literatures also contain several applications of the methods into managerial 

problems, including certain aspects of business policy, which initially 

justify the present study's uses of this approach. 

-6- 



However, further justification of employing SD methodology to deal with 

the broadly-stated foregoing issues lies in the nature of both these issues 

on one hand and the methodology on the other. SD is basically related to 

management science in that it uses mathematical models for problem solving 

purposes. Nevertheless, neither has it some of the quantification 

restrictions experienced by other management science techniques, nor does 

it emphasize the "optimum" solutions. It is best suited to represent and 

understand the inner functioning of complex phenomena within their environ- 

ments and through time, thus is applicable to both closed and open systems. 

The central theme in System Dynamics has so far been the study of open 

socio-economic systems, their complexities, behaviour, and controllability. 

It goes back to the basic elements of these systems, namely; the feedback 

loops, in trying to identify the states, the flows between the states and 

establishing how they can be controlled, and attempts to predict what 

might happen if the flows were changed over time either due to the internal 

evolution of the system itself or under the influence of changes in 

environment. To achieve these ends simulation models are built often coded 

in DYS AP sirralation I n, - 
., uabe (Ratnatunga, 1979)" 

Besides understanding complexities of a phenomenon through the 

application of SD and the readiness of handling delay factors in this 

approach, SD methodology stresses loop and sensitivity analysis through which 

we will be able to identify the importance of decision factors, particularly 

in relation to contingency views. These factors end changes could then be 

time-related or otherwise, i. e. moving the situations -- as it were -- along, 

say, the time dimension itself (historic), or a time related dimension 

(number of customers served/month), or a barely integrative feature (age of 

organization, cumulative number of products and services offered). Thus we 

expect the application of System Dynamics to be a helpful attempt regarding 

the foregoing issues. 

f 
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1.3.2 The Case 

The practical side of this study is directly related to the case of 

the diversifying company it refers to. This company, the Associated 

Portland' Cement Manufacturers Ltd. (; IPCpI) is the largest cement company 

in the United Kingdom and among the leading companies in the world. This 

company provides. a rather classic case of a diversifying firm in many 

respects. In the meantime, both the industry and the company have. a few 

interesting and unique features. Despite these, to our knowledge, there 

has not been any study addressing the managerial and economic side of the 

industry for a considerable length of time. 

The company has operated solely in the cement industry until very 

recently, but now it has started to diversify. The present study aims to 

assist the company's managers as to what they could expect to happen as the 

result of making this move, how they should determine the company's 

financing ability, what the diversification targets should be, how to 

characterize the suitable industries for diversifying into, what the 

project selection criteria should be, and what sort of policies for 

allocating the company's financial resources to its activities could best 

control its overall performance. 

Thus the present study's audience consists of both theorists and 

practicing managers. Among the latter group, the APClllt s managers should 

receive particular attention. 

1.3.3 Zhe Overall Study Objectives A Statement 

Despite the importance of the foregoing issues and the benefits of 

System Dynamics application to them, the consideration of all strategies, 

factors and situations is not practical within the scope of a single research 

project. Instead we primarily concentrate on measuring the va 1"ýes of 

f 
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addressing such issues through utilizing SD methodology for the mentioned 

case. 

More specifically, by applying SD methodology, we try to examine the 

nature of diversification and attempt to show how complicated its formula- 

tion issues might turn out to be. These issues relate to identifying 

appropriate deployment levels, i. e. defining suitable industries to 

diversify into and finding a right level of diversity target. In so doing, 

we will also demonstrate that the application of SD can help in understanding 

how diversification works and in what ways we can make it work more desirably, 

i. e. by designing control policies. 'Moreover, while diversification is 

often regarded as the most important strategic move, by doing this research, 

we also hope to set the foundation for further research along these lines, 

particularly in relation to other strategies. 

1. ¢ The Organization of the Thesis 

This thesis comprises ten chapters grouped in three parts. Each part 

contains closely related chapters. The first part sets the stage for the 

rest of this wor'. k. The following chapter examines the theoretical aspects 

and background research works in this area. it too tries to examine the 

similarities end differences in managerial processes from a theoretical 

point of view and what these mean in System Dynamics. Chapter three is all 

about cement industry and ; PCM, in which we present a collection of some 

scattered data and available information that we found through research and 

interviews in an attempt to describe the system and its problems. 

Part two, consisting of three chapters, is devoted entirely to 

formulation of the model. Chapter four describes hots the overall objectives 

of this study and the particulars of the system aase translated into the 

model, by first defining he cpeeifie pl, =- s of te model, an d then 
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identifying its boundaries, and internal and external influences. Chapters 

five and six present a number df more important dynamic equations relating 

to physical and financial flows respectively. In both chapters, particular 

attention is given to consideration of equation formulation, the values of 

parameters, and how they are found and estimated. 

In part three, which contains four chapters, we present the simulation 

results, analysis, and conclusions. In chapter seven we analyze the dynamic 

characteristics of the cement company and find out about the nature of 

diversification effectiveness. In chapter eight we analyze this nature and 

try to understand its characteristics in different situations, and in 

chapter nine we try to show how the insight acquired may be used to formulate 

and implement AP(P s diversification strategy. Throughout these three 

chapters we employ the method of analysis in System Dynamics, in an attempt 

to demonstrate this methodology's application value to strategic issues. 

Finally, we re-exa.. nine the conclusions of these analyses with regards to 

the study's overall objectives, together with discussing the implications 

of these conclusions, and recommendations for future research works in 

chapter ten. 

0 
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Chapter Two 

CORPORATE DIVERSIFICATION STRATEGY 

2.1 Introduction 

This chapter is a brief examination of some theoretical arguments 

and how they relate to System Dynamics. First a short review of the 

pertaining managerial processes from the traditional theorists' point of 

view is presented. Then we describe their meanings in System Dynamics 

and how System Dynamics methodology can assist to understand, study and 

control these processes. 

ß1e of the outputs of these processes is the strategy that a firm 

may adopt. Again, conventional research methods are mainly used in 

research works to measure the effectiveness of strategies in the hope of 

giving guidelines"to managers in their practice of business policy and 

corporate strategy formulation. We review a few of the better known 

such. studies which in particular address the effectiveness of corporate 

diversification strategy. In doing so, we try to find out how far such 

studies can really be helpful and where System Dynamics in general, and 
J 

this study in particular, could be helpful. Finally, some general 

remarks about diversification strategy are presented. 

2.2 Planning, Decision-Making and Control Premises 

Since the early stages in the formation of management literature, 

writers have grouped the managerial activities under such broad headings 

as planning, organizing, deciding and controlling. The activities 

involved in each group are said to be carried out in rather well- 

documented 'steps' or 'processes'. This section deals with these steps 

or processes of planning, decision-making and control by first mentioning, 

in brief, the generally accepted views and then describing their 

treatments and meanings in System Dynamics in general and this study in 

particular, 12 



2.2.1 The 'Traditional' Models 

2.2.1.1 Planning _ 

Perhaps the best documented of all managerial duties is planning. 

The views about planning have changed throughout the twentieth century, 

and with these changes, different types of planning have appeared. A 

typical and classic planning step could be outlined in Koontz and 

O'Donnell (1959) terms as follows: 

1, Establishing objectives. 
2. Forecasting and defining planning assumptions 
3, Determining alternative courses of action 
4. Evaluating alternative courses of action 
5. Selecting a course of action 
6. Formulating derivative plans. 

The end result of the planning,. in this sense, is some document or plan 

for action. - 

In recent decades, however, another form of planning - strategic 

planning - is introduced. Strategic planning is thought of as a 

continuous process whereby organizations react and adapt to their 

increasingly complex environments. This process is often described by 

means of a schematic model such as the typical one given in Dxhibit'2.1. 

The salient feature of this process is the explicit recognition of an 

information feedback structure. The information becomes available as 

the result of appraising the actual performance of the implemented 

strategies and is channelled back to the appropriate stages of the 

process. This recognition - perhaps influenced by the application of 

the systems way of thinking and approach to the management - is of a 

significant importance to the study and practice of corporate strategy 

formulation and implementation. There aret of course, information 

feedback loops within each, and between different stages of this process. 

For example, in the implementation stage the same kind of activities as 

evaluating*environment, setting short-range operational objectives, 

_13- 
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drawing plans, allocating resources, etc. are carried through. Therefore, 

the whole process is a network of feedback loops. 

Strategic planning is a set of integrated decisions and activities, 

and usually takes place at the top management level, to determine the 

overall position of the enterprise and its relationships with its environ- 

ment, to define its purpose, mission and objective in relation with the 

environment and to decide on the means or strategies of achieving these 

ends. Thus strategic planning is about the adoption and introduction of 

'changes!: those in the environment - that is the changing pattern of 

relationships between social and economic factors -. and those we want to 

make to our own enterprises. 

While institutions have always operated within a changing environ- 

went, contempory businesses deal with a tnegotiated environments. This 

"relates to the interaction of government, business, trade unions, and 

other groupings in setting the context within which enterprises operate 

..... and the-existence of mechanisms, partly market based and partly 

administrative which give effect to overall economic policies of the 

country concerned". (Thomas, 1977). To a degree, some of the changes 

and their implications could broadly or specifically be anticipated in 

, such an environment. The population and economic growth are broadly 

based changes, and more specific changes are related to different 

industry sectors or even individual companies within each sector. The 

role of strategic planning is to identify that these changes have taken 

place, to define the pattern of change and how it is likely to develop, 

and finally to decide on the means that the firm should employ to cope 

with, and take advantage oft the changing environment. 

The latter role of strategic planning relates to the changes we wish 

to make to our own enterprises. While these changes are primarily 
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triggered by the environment, it is the internal policy and decision 

making processes of the firm that respond to these changes by defining a 

desired state and taking a particular course of action which ensures the 

achievement of such a state. These decisions and actions are often so 

profound that they not only change the whole 'character' of the firm, but 

ultimately influence its environment. But how 'good' are the internal 

policy and decision making processes? The truth is that relatively 

little effort has been devoted to answering such questions. In fact, 

corporate strategy literature has just become aware of the dynamic 

setting of such processes as strategic planning, and only has concluded 

that it is an ongoing and continuous process. 

Yet only some changes and their implications may be predictable. 

The negotiated environment concept may introduce some predictability to 

the change patterns in a nation-state context, but today's businesses and 

industries are increasingly exposed to the social and political climate of 

the world. The changes in the world's social and political scene come 

more as 'shocks' than slow paced evolutions. Moreover, even if their 

occurrences were predictable, their implications are that much harder to 

anticipate. Thus the internal policy and strategy formulation processes 

should be studied, designed and tested for their robustness against the 

external shocks, and this, of course, is the central core of System 

Dynamics methodology. 

2.2.1.2 The Decision III Process 

At various points in the foregoing planning process, decisions have 

to be made in regard to the formulation of objectives and choice of 

strategy. However, the managing of modern corporations involves a much 

broader spectrum of decision problems than of the planning process per se. 

i 
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Indeed, every individual during his or her normal daily activities may 

face several decision making situations. 

Almost all writers have tried to conceptualize the process that a 

decision maker would explicitly or implicitly go through in arriving at a 

particular decision. A typical decision making process is given in the 

Exhibit 2.2 This process involves the analysis of the data or facts in 

aput 
Evaluate outcomes 

Analyze data 
A 

Predict outcomes and compare 
data alternatives 

Measure results Action Choose best 
and compare The World 

alternative 
with predictions 

Exhibit 2.2 The DecisionMaking Process 
(in: Cleland and King, 1975, P-74) 

order to define the problem; clearly predicting the outcomes of the 

alternatives available, evaluation of the alternatives, choice and imple- 

mentation of the chosen alternative. When the actual results of the 

chosen alternative become available, these are then compared with. the 

predictions, and the process is repeated again, but with the lessons 

learned from earlier decisions. The basic theme of all suggested 

decision models is the learning process or 'experience' gained from the 

impact of the earlier decisions on the environment which is through the 

information feedback loop inherent in every decision making model 

Many of the Operational Research techniques are developed for 

assisting the decision wer in various stages of the process. A 

f 
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substantial array of definitions, classifications, and theories deal with 

types of decisions, decision making, and decision makers. None of these 

are of a particular interest to the present study, except to mention, in 

MacCrimmonts (1974) words, the conditions for decision making to take 

place, He recognizes four such conditions as follows: 

1. A gap must exist between the desired and actual states. 
2. The gap must be of a noticeable size. 
3. The decision maker must be motivated to reduce the gap, 
4. The decision maker must be convinced that he can reduce 

the gap. 

Therefore, for a decision to be made and a particular action to follow 

that decision, there must be an apparent difference between the observed 

state of affairs and the one originally desired, and the corrective action 

required must be believed to be proper and possible by the decision maker. 

Again, these conditions are central to System Dynamics models. 

2.2.1.3 The Control Process 

Another well-documented managerial function is controlling. The 

term 'control' is often used in management in several relatively distinct 

lines of thoughts such as curbing or restraining, directing or commending, 

and checking or verifying (Kast and Rosenzweig, 1970). But, in the main, 

the control process is primarily concerned with making sure that the 

activities conform to the planned actions or objectives. Management 

literature often talks about control 'subfunctions'. These are activities 

comprising the control process. These activities involve: 

"- Establishing standards, 
- Observing performance, 
- Comparing actual with expected performance, 
- Taking corrective actions. " (Cleland and King, 1975) 

Standards are some known measurable characteristics of an operating 

system. The system's performance is measured and compared with the 

standards, and a corrective action is taken as the result of this 
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comparison. The process starts anew and the information-feedback loop is 

completed. 

Control systems always exist in association with feedback 

loops. A self-regulating or homeostatic control property is observed in 

most living organisms, for the purpose of maintaining a dynamic equili- 

brium. The same property is recognizable in some adaptive systems such 

as organizations where the control process moves the system in response 

to the external and internal stimuli. However, the control process in 

such systems involves human intervention, which is often desirable, 

wherein a conscious and deliberate action is administered by the decision 

maker. It is partly because of this intervention that the organizations 

are highly non-linear systems, which are generally hard to model and 

analyze. As we will see in Part Two, the non-linearities are handled 

with a relative ease in System Dynamics. 

2.2.2 The System Dynamics Model 

In the previous sub-section, the important managerial processes of 

planning, decision making and control were briefly presented. The basic 

theme and commonalities of these processes are rather clear. They all con- 

sist of information feedback loops. They are all involved in defining a 

gap, of one sort or another, between what could or should be achieved and 

the actual achievement. They all suggest the taking of an action in 

response to the gap and they all have a time dimension. 

The strategic planning process, for example, should reveal what could 

realistically be achieved given the existing formation and the likely 

developments in the environment. One such revelation is the firm's 

potential financing capability for the immediate next few years given a 

realistic and achievable growth rate. This is then comparable to the 

firm's already planned financial commitments for the same time period. 
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This comparison gives a relatively clear 'posture' of the firm's 

financial resources and often leads to the choice of strategies conceived 

as appropriate responses to that particular financial situation. The 

implementation of these strategies, however, takes time to bear the 

expected fruits, and when it is reached, there are several feedback loops 

which transmit the new information to the appropriate points in the process 

to facilitate the adjustments needed. Such adjustments may be the 

reappraisal of the environment and strengths and weaknesses, reformulation 

of objectives and policies, and redesign of strategies, 

However, this common theme of the foregoing managerial processes 

forms the basis of the System Dynamics models. This is presented as the 

diagram in brhibit 2.3. This presentation is in general terms. It is 

applicable to every managerial level and system complexity, i. e. of 

operational levels such as inventory control and overall corporate level 

such as strategic decision making. It represents the law of goal-seeking 

behaviour so commonly observed in management systems. The goals and 

objectives - as are often manifested by the strategies - form the desired 

state towards which the system must be driven. 

Goals, 
Objectives, Desired Control 
Strategies state Policies 

Time to Error 
observe detection and 
error selection 

Complex 
Structure 
of Delays 
and Noise 

Apparent, 
conceived, or Actual state 
predicted 

Controlled 
Action 

Information Delay and Noise 

Exhibit, 2.3 The Basic Information-Feedback Decision System 

f 
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The desired state is the aspiration level set against the immediate 

environment. For a low level operational loop, such as inventory control, 

the desired inventory may be defined by a higher order loop, e. g. the 

consumption behaviour, which is its immediate environment. The desired 

state may, as well, be 'handed dot: mot. In practical System Dynamics 

modelling, the modeller has to decide the way the desired states are 

formulated. Since these are usually the interfacing channels whereby a 

system reacts with its higher order system, the way desired states are 

defined remarks the definition of the model boundaries. 

Other terms in Echibit 2,3 have already been defined and are self- 

explanatory. The overall objective of the management system is the mode 

of behaviour that the feedback loops of such decision systems show. It 

is the internal structure of the decision systems and the time delays and 

noise characteristics of these systems that are responsible for the dynamic 

behaviour often exhibited by such systems (Forrester, 1961). The way these 

factors react in real life systems such as a business corporation is the 

key to the design of system structure and policies. The traditional 

management theory, which struggled to the recognition of the existence of 

feedback loops, could not provide the understanding as to their signifi- 

cance and effectiveness. The conclusions are even often misleading: the 

recent efforts to out down the information delays and noise as much as 

possible by installing increasingly sophisticated information systems 

with high accuracy and utility seem to be of little or no relative 

importance against the wrong structure and control policies. 

System Dynamics, on the other hand, is the theory of information 

feedback in management systems. It is the methodology for studying the 

complex interactions of policies and delays, the significance of the feed 

back loops in the systems, and the structural problems. For instance, the 

importance of the delays and time characteristics of the decision systems 
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can be inferred from Exhibit 2.3. If the time to observe the error was too 

short, the system responds rapidly to error - which is perhaps caused by 

short term transient events - by initiating corrective action and vice-versa. 

Walle the length of this time factor is very much a matter of management 

choice, the implementation or action delay is usually not so. But the 

measurement of this delay and understanding its effects on the loop's mode 

of behaviour and overall system performance plays an important part in 

designing control policies. This sort of analysis is rather a common 

exercise in System Dynamics. Therefore, applying System Dynamics to the 

problems of management systems should provide the practicing managers with 

the basic feeling and understanding of the feedback loops in their processes 

and what they signify when it comes to formulating strategies, policies, 

and making decisions. As will be seen later, the present study attempts 

to add to the existing knowledge of feedback loops in business policy 

literature and their relevance to one of the most crucial strategic 

decisions - namely diversification - by using the analytical framework of 

System Dynamics. One of these is to provide the management of diversifying 

firms with guidelines as to what should be expected to happen to the 

economic performance of their firms overtime against the delay character- 

istics of the multitude feedback loops in their systems. 

2.3 Background Studies 

There have been a great number of studies concerning the general area 

of strategy formulation. One way to classify these studies is-by the main 

area of consideration that each particular work is notably identified with. 

The bulk of studies address primarily one of the following questions: 

1. Does strategic planning really pay off? 
2. What is the nature of strategic planning process? 
3, How to organize the strategic planning function? 
4. What is the content of an effective or 2nizational 

strategy? 
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In Appendix 2. A, there is a list of some of the better known studies 

relating to the first three questions. The fourth category, however, has 

recently attracted more researchers' attentions. This category can be 

further classified into two areas: many have tried to establish how to 

be successful in a particular business, while some have tried to define 

the types and mix of businesses that a corporation should be in. Again, 

some famous studies of the first kind are given. in Appendix 2. A but with 

relatively more details of their findings, The remainder of this section 

is devoted to a brief discussion of the major research attempts in the 

second key area, It is hoped that by this short review we will be able to 

outline some of the major progressions and problems in the research works 

in this area, as well as to clarify the overall position of the present 

study in the stream of the research works done in the field, and how it 

can be useful. - 

2.3.1 Hoferos Study (1973) 

Among the first empirical studies to take a corporate view of the kind 

of effective strategies formulated by the large manufacturing firms is 

Hoferts preliminary research on the strategic challenge - strategic response 

patterns of such firms in America. He described twenty-eight different. 

types of strategic challenges that a company might face and twenty-eight 

different sorts of strategic responses that could be made to each challenge 

as shown in Exhibit 2.4. Hofer then used the "Case descriptions" provided 

by Fortune articles between 1960-72 and studied some 400 of them describing 

strategic challenge-responses of the sort in Exhibit 2.4 for different 

companies. He ranked the degree of success of each case using ROIL profit 

growth, and sales growth - whichever was provided by the article. Some of 

his key findings are : 

- Different types of strategic challenges elicit different types of 
strategic responses. 
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There are some common threads among the response patterns. 
For instance, when environmental, opportunities abound and/ 
or when resources are more than sufficient for the needs 
of existing product/market areas, the firms studied 
typically sought to increase the scope of their present 
operations in some way, while, when the opposite conditions 
applied, they more typically curtailed increases in their 
present scope of operations and pursued changes in their 
functional policies and/or conglomerate diversification. 
Some methods of expanding scope were used far more 
frequently than others regardless of the circumstances. In 
particular, the development of new products for existing 
markets and/or increased penetration of existing products 
for existing markets were almost always among the top two 
or three responses while horizontal diversification and/or 
vertical integration, especially forward integration, were 
seldom exercised. 

While these findings have limitations of validity - especially due to 

its data source, measurement of success and analysis - it is generally 

regarded as a right step towards the development of a contingency theory 

of corporate strategy. This study does not go fax enough to analyze the 

reasons why the strategic responses were successful. The present study is 

complementary in this regard though not comprehensive to cover all the 

strategic challenge-responses of the Exhibit 2.4. 

2-3.2 Rumel-E's Study (1974) 

With a particular attention to diversification as a corporate strategy, 

Rumelt studied the strategies followed by some 250 companies of Fortune's 

500 listings in 1949,1959 and 1969. The criteria he used to classify the 

strategies were 'Specialization Ratio', 'Related Ratios and 'Vertical Ratio' 

and defined them as: 

The Specialization Ratio (SR) is the proportion of a firms 
total revenue attributable to its largest discrete product- 
market activity. 
The Related Ratio (RR) is the proportion of a firm's total 
revenue attributable to the largest group of businesses 
that are related in some way to one another, 

-- The Vertical Ratio (VR) is the proportion of a firm's total 
revenue attributable to all of the by-products, intermediate 
products, and final products of a vertically integrated 
sequence of manufacturing operations. 
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He initially used SR to classify strategies into: 

- Single Business, where SR is more than 95iö 
- Dominant Business,. where SR is between 95% and 70% 

- Related Business, where SR is less than 70% and the firm is 
diversified primarily into concentrically related product 
lines. 

- Unrelated business, where ß_i *is less than 70% and the firm 
is diversified into unrelated product lines. 

Due to problems in using this classification - such as some. firms in his 

sample would be classified in one category while their strategy was really 

another -- he later brought more sophistication to the study by employing 

the three foregoing ratios. His final classification and the estimated 

percentage of the firms in each strategic category in 1949,1959 and 1969 

are summarized in Exhibit 2.5. Some of his more interesting findings 

were: 

- Most companies diversified between 1949 and 1969 except 
for the dominant vertical firms which almost maintained 
the same strategy. 

- The worst performers were firms with dominant vertical 
strategy and unrelated passive conglomerate strategy. 
The highest performers were firms with dominant 
constrained and related constrained strategies. The 
average performers were firms with related linked and 
acquisitive conglomerate strategies. 

- Overall performance differences among the types of 
strategies were correlated more closely to the ways in 
which the firm related new businesses to old, than to 
overall diversity. - - 

Although Rumeltts study is a major contribution to the study of the 

effective corporate strategy formulation, it has some limitations in the 

validity of its findings. Since he studied some of the largest companies, 

it is not clear that his findings would apply to the significantly smaller 

ones as well. Furthermore, though admittedly his system of classification 

is amongst the best there is, and generally it is hard to classify 

strategy, nevertheless it is someiinat rigid in nature. This is why, 

perhaps, his study fails. to explore fully the relative effectiveness of 

the different strategies among different industries, and why? His 

classification as shown in Rbdhibit 2.5 is tforcedt by the particular 
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companies in his sample, therefore is hardly of a greater external value. 

Finally, regarding horizontal diversification, his first finding does not 

totally agree with the last finding in Hoferos study listed above. 

Strategic Classes 1949 1959 1969 

1. Single business 34.5 16.2 6,2 

2. Dominant Vertical (integrated vertically) 15.7 14.8 15.6 
3. Dominant Constrained (tied to prior 

business) 18.0 16,0 7.1 
4. Dominant linked (diversified with some 

ties to prior business) 0.9 3.8 5.6 
5. Dominant Unrelated (diversified position 

is unrelated to dominant) 04,9 2.6 0.9 
6. Related Constrained (related closely to 

past business) 18.8 29.1 21.6 
7. Related linked (to some degree 

diversification is linked to past 
business) 7. $ 10.9 23.6 

8, Unrelated Passive Conglomerate 
(Unrelated business firms which are not 
Acquisitive Conglomerates) 3.4 5.4 8.5 

9. Acquisitive Conglomerates (Unrelated - 
Business firms with aggressive programmes 
to acquire new unrelated businesses) 0.0 1.2 1019 

Number of firms 189 207 183 

R)chibit 2.5 Rumelt's Strategy Classification 

2.3-3 Idewbould and Luffman's Study (1978) 

This research is a much more comprehensive study in many ways. 

Newbould and Luffman studied 302 of the 500 largest manufacturing and 

trading companies operating in the U. K. which survived during the research's 

time span; 1968-75. The study was conducted very systematically with 

standardized method of analysis, which is perhaps necessary when working 

with large sample size and numerous measurement criteria. Statistical 

models were employed to measure success against different policy areas, 

namely; acquisition, financing, exporting, autcmation, employees, 

profitability and diversification. For each policy area, three levels of 

commitment to the policy are defined. The study measures success fron the 
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points. of view of shareholders, managers, employees and the public at 

large. For each of these groups, four measures of success are defined, 

making sixteen measurement criteria altogether. The input data were 

mainly from published company reports and occasionally from stock 

exchange sources. Except for two of the sixteen measures, the others 

were not annualized and showed the change over the whole seven years of 

study. The objective of the study was to look for the possible link 

between the levels of commitment to each of the foregoing policy areas 

and the defined measures of success for each interest group. 

With regard to diversification, they initially used SR, very much in 

the same way as Rumelt did, to measure diversity. However, the three 

levels of commitment to diversification were based on the shift in the 

diversity position in 1975 as it is compared with the position in 1968. 

The levels of commitment were defined as; zero commitment to diversifi- 

cation (up to one half of a percentage point shift), medium commitment 

(0.5% 
- 10/1% shift), and heavy commitment (10 or more percentage points 

shift). They then tried to find relationships between these commitment 

levels and various measures of success. Among their findings are: 

- The more diversified the company, the more likely it was 
to diversify further. 

- The shareholders are quite unaffected by diversification 
or the lack of it. 

- Sales, capital employed and net cash flow increased neither 
more nor less as companies did/did not diversify. 

- The stability of profits appears to improve as companies 
diversified. 

- The interests of employees are unaffected by corporate 
diversification. 

- The economy ät large is not affected by diversification. 

The above findings must be regarded very carefully as -they seem to 

disagree with the majority of earlier findings and the general beliefs 

held by a great many of the theorists in the field. These disagreements 

may well be due to the wealmesses of this s dy. When Most of the 

measures are not annualized, and the changes in them are determined by 

28 
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comparing the figures of 1968 and 1975, it is not clear what has happened 

during the intervening years. ' Diversifications have a long lead time to 

come to their full effects*. The research span of seven years is hardly 

sufficient and the study does not even consider when actually these shifts 

in the diversity positions occurred. Another weakness of this study is 

due to their data collection method as regards diversity. The definition 

of diversification usually differs from company to company, therefore the 

company reports are not generally reliable sources to show the companies' 

commitment to diversification. There is a danger in the bold uses of SR 

as the measure of diversity in empirical studies such as this one without 

a backing up field study - as it is recognized in the Rumelt's study - 

where it may not reflect the true changes in the firm's commitment to the 

strategy. Still another weakness of their study stems from their failure 

to analyze fully the plenteous amount of information and ratios generated 

by their statistical models. It seems that too much emphasis on 

systemization and standardization of the analysis has prevented a full 

utilization of this information. The above findings have also the 

limitation of applications to significantly smaller firms, as in the 

earlier studies. 

Despite these, the study has an important position in its own class. 

It is among the very few studies in the field done solely on the U. K. 

companies. It is also amongst the first empirical studies to measure 

corporate success from different interest groupst point of view. one only 

wishes that they had coupled the statistical analysis with a thorough 

field study to overcome some of the foregoing weaknesses. 

A study points out that on average it takes some 10-12 years before the 
R0I of the new ventures equal the R0I of the mature businesses. 
(Biggadike, 1979) 

f 
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Taking together the studies of Hofer, Rumelt, Newbould and Luffman on 

the effectiveness of corporate strategies in general, and diversification 

in particular, it is apparent that: 

1) There is a need for further research works in this area - these 

should cover complementary hypothesis, and a wider range of the strategic 

variables. 

2) The mixed feelings about the effectiveness of the diversification 

strategy. 

3ý The difficulties involvements and time spans it takes to collect 

data, formulate a research design, and test hypothesis in this field. 

4ý In general they failed to give any insight as to why diversifica- 

tion is effective or otherwise, and how it could be made to change. 

Most of these studies' limitations axe due to their methods of data 

collection and analysis. The fact is that the statistical analysis, in 

this field, requires a lot of uniform data over a long period of time, 

which is not readily available. This is where System Dynamics methodology 

can be of a great assistance not as a substitute but as a complementary 

method. A System Dynamics model can provide the fundamental understanding 

as to why this strategy is effective, under what conditions it is so, and 

what factors play a relatively more important role in the effectiveness of 

the strategy. These then could be used as guidelines in formulating 

hypothesis to be tested and the type and extent of data necessary to be 

collected and kept. 

i 

2.4 Diversification Strategy 

Many diversified companies have seen diversification as an effective 

way to sustain their growth objectives. However, there are several reasons 

for firms to choose diversification strategy, as are discussed in 

Ansoff (1965) and outlined here: 
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- Firms diversify when their objectives can no longer be met within 
the product-market scope defined by expansion. 

-. Because the retained cash exceeds the total expansion needs. 

- When diversification opportunities promise greater profitability 
than expansion opportunities. 

While these three are the main economic reasons for diversification, there 

are other psychological, social and political reasons as gell. 

Whatever the reasons might be, diversified firms are important to the 

Western economies. Gorecki (1974) found out that the diversified enter- 

prises have a relatively high importance in terms of employment and net 

output, though not so in terms of their numbers in the U. I. He also 

points out that they have substantially increased their relative 

importance on all three fronts, over 1958.1963, the period of his study. 

If it is so, it is useful to attempt to give some guidance in order to 

improve the effectiveness of this strategy. 

Easiness policy literature often talks about the different ways that 

firms may choose to diversify. In general, a diversification matrix is 

recommended to show the different directions that diversification strategies 

can be formulated (Glueck, 1976, p. 131). One vector of this matrix is 

internal development - that is, firms try to develop new product/market 

areas themselves - and external purchase - that is, when firms acquire 

other companies with similar or different product/market scopes. However, 

joint venture or development is another way of increasing product/market 

scope. The other vector of the diversification matrix is horizontal and 

vertical diversification. Horizontal diversification may be market and/or 

production technology concentric - that is, when firms diversify to product 

lines that serve similar markets or use similar production technologies - 

or, may be market and/or production technology conglomerate -- that is, when 

firms diversify to product lines which serve different markets unrelated 

to their present ones, or require production technologies different from 

their existing production technologies. Vertical diversification may be 

f 
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forward integration - that is, moving towards the final consumers in the 

production-distribution chains of their present product lines - or, 

backward integration - that is, moving backwards to their supply sources 

of their present product lines. In practice, however, diversified. 

companies often take a combination of these strategic directions. 

The diversified firms may also be classified in accordance with their 

management's historical commitment to this strategy and their strategic 

decision making styles. Some firms 'find' themselves diversified without 

even this strategy being an integral part. of their growth plans or 

organizational culture. This often happens through a firm's associated 

or subsidiary companies that acquire or merge with another company. Or 

even sheer luck; when a customer company cannot meet its debts to its 

supplier or is willing to sell out. 

Another case of diversification is when this strategy is considered 

by the company as an alternative way to grow. However, the degree of 

commitment to the strategy varies from company to company. This commit- 

went often relates to the seriousness of the search for diversification 

opportunities. It too depends on the top management's involvement and 

willingness to allocate resources in backing up R&D activities, and to 

initiate the formation of an ad hoc task force to lead the way, and 

co-ordinate such activities as observing the changes in consumer needs and 

appraising the changes in the company's internal competences and its 

competitive strengths and weaknesses. The key to these differences is 

the top management's policy making style and ability in their resource 

allocation function. In one extreme, so far as the resource allocation 

and choice of diversification projects are concerned, there are those 

managers who commit resources to projects when there is an excess to the 

firm's current needs, and if the project -ý, ould remedy some of the firm's 

current weaknesses. At the other extreme there are those who are twilling 
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to commit resources to diversification opportunities if only they are 

derived from the firm's current strengths. Ansoff (1965) has called the 

strategies chosen in these Uro manners as 'defensive' and 'aggressive' 

respectively. In practice, of course, things are not this clear-cut and 

projects are often sought that have both properties. 

The foregoings axe some better-documented general Imowledge about 

diversification strategy. These will be useful to us when we approach 

model building and analysis later on as this work progresses. 

2.4.1 The Measure of Diversity 

The measure of diversity adopted here is the Specialization Ratio (SR) 

with the same definition as in Rumelt's study cited earlier in this 

chapter. That iss the ratio of the sales revenue generated from the 

cement side of the business to the total sales revenue. The cement side 

of the APGM is regarded as a 'discrete business' which actually consists 

of some different types of cement and closely allied products. This 

distinction between all cement-related activities and non-cement or 

diversified activities allows us to study the simulated performance of the 

firm as it diversifies - that is, against the simulated behaviour of SR. 

2.5 sxna 

J 
In this chapter some background theoretical arguments were presented. 

In examining the strategic . planning, decision-making and control processes 

we found a common thread which forms the basic structure of the decision 

systems - the subject of System Dynamics Models. System Dynamics 

methodology has tools to facilitate the understanding of managerial 

processes, and improving the design of such decision systems structures, 

and formulating policies and strategies that ensures the controlability of 

these systems. 

t 
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On the other hand, from a few of the better known research studies, 

out of an enormous amount of empirical research efforts invested on 

guiding practicing managers in formulating successful policies and 

strategies, we found out'that these could not provide the understanding as 

to why a particular strategy is effective or otherwise, and what factors 

should be considered most? As regards the effectiveness of diversification 

strategy, these studies show mixed feelings and disagreements. Furthermore, 

we found that to conduct a thorough study of the sort, an enormous amount 

of data of a certain utility is usually needed which is often hard to 

find. We concluded that further research in this area using System. - 

Dynamics approach could be enlightening and useful in many ways. This is 

what the present study hopes to achieve. 

f 
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Chapter Three 

THE CTIZ1T INDUSTRY 

3.1 Introduction 

This is an informative chapter on Portland cement and the cement 

industry. Portland cement is the ordinary grey powder cement used as a 

binding agent and in making concrete in all construction work. It is the 

main product of the cement industry, which is now a major industry in the 

world. 

Despite the importance of the industry, there has not been, to my 

knowledge, a recent study done on the structure and management of the 

industry, though there is a considerable-volume of knowledge on the 

technology of production and uses of the cement. So I felt it necessary 

to gather the dispersed pieces of information in a chapter and hopefully 

present it in a meaningful way. The data and information presented here 

are collected from different sources and by means of interviews, 

questionnaires, and research of statistics and reports. 

The chapter gives a brief history of the Portland cement and major 

developments in its production'process and technology, examines the world 

cement trades and markets, and the problems and characteristics of the 

U. K. cement industry. The leading cement manufacturer within the U. K. 

cement industry, namely the Blue Circle Group*, is lastly studied to give 

a further insight into the organization, operations and problems of growth 

and diversification of this company. In every aspect, the main objectives 

are to provide necessary information, as much as possible, and to outline 

the problems to which the rest of this study refers. 

The name of the parent company has recently changed from Associated 
Portland Cement Manufacturers Ltd. (APCM) to The Blue Circle Industries, 
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3,2 Portland Cement 

Portland cement, the successor of Roman cement, is manufactured based 

on a process invented by the son of a bricklayer of Hunslet, Leeds - called 

Joseph Aspdin - in 1824. Joseph Aspdin (1778-1855) made this cement by 

mixing a specific quantity of powdered limestone and clay with water to 

make a consistent mixture. He then heated the mixture to dry and burnt it 

at a high temperature to get a coarse material. This in turn was 

powdered and then it was ready to be used for different purposes by 

mixing with a sufficient amount of water. The early history of cement- 

making and major developments in the manufacturing process are thoroughly 

described in Francis (1977). 

Today the basic process is almost the same, though it is well 

mechanized. The mixture of calcium carbonate, alumina and silica is 

closely controlled and consistency is mostly achieved through the applica- 

tion of water in what is known as the "wet process". The calcium 

carbonate is found in forms of. limestone or soft chalk and quarried often 

from nearby foothills. The chalk is preferred, if found, because it 

contains higher quantities of calcium carbonate. Alumina is found in 

some forms of clay or shale. The required silica is supplied by a 

, relatively small amount of sand. The liquid mixture (cement slurry) is 

kept in large storage tanks and controlled to a chemically correct state. 

The slurry is then fed to the kiln which is a large cylinder some 500 feet 

in length. The kiln rotates on a slightly inclined axis and heats the 

slurry to dry. The dried materials slip into the lower end of the kiln 

where they are heated further to about 12000 C. The fuel used is usually 

pulverized coal, especially in Great Britain, but oil and natural gas are 

being used in some works in other coantries. Very few oil-fired kilns 

exist in Great Britain but here are not any gas-fired kilns in operation 

in this country no,,,. The materials leave the kiln in the for. of small 
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nodules called cement clinker. The chemical part of the process is 

completed at this stage and the remaining process is mainly mechanical. 

Clinker is cooled and ground to a fine powder and a small amount of 

calcium sulphate or gypsum is added according to the specific "setting 

time" of the resultant cement. The cement powder is stored in large 

silos and withdrawn to packing plants. The cement powder is usually 

handled. through pipes by means of compressed air and the packaging pro- 

cess is highly mechanized. The bags of cement are delivered by conveyor 

belts to vehicles. More and more cement deliveries nowadays are in bulk 

by specially designed carriers and trucks. 

The technology of cement making and distribution has evolved since 

Aspdin's time in many aspects of quarrying, production, packaging, and 

distribution. The pace of change was perhaps fastest round about the 

turn of the century, and in the earlier decades of the twentieth century. 

riany : types of kilns such as short horizontal drums, to long vertical, and 

finally rotating modern ones had been installed and tried out. Different 

methods of burning the slurry, crushing the materials, and grinding 

clinker were introduced to the industry. In general, the early stages 

of automation and mechanical ingenuity in the Western World brought the 

greatest changes of all to the production processes of cement manufacturing, 

to a point where there have not been any new major changes in the production 

technology of cement manufacturing for a long time. Minor developments, of 

course, in the areas of fuel efficiency, dust and noise control, and some 

other environmental considerations regarding quarries and pollution have 

occurred from time to time, and there is still room for further improvements. 

However, the cement industry is often regarded as an industry with little or 

no technology transfer. 

Since the above manufacturing process is uniform for every type of 

cement to the point where clinker is discharged from the. kiln, in this study, 
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the cement production is measured in terms of the amount of clinker being 

produced. The amount of gypsum or other materials added to the grinding 

process for making different cements is rather negligible. In the. same 

way, the production capacity of a firm is measured in terms of the total 

capacity of its kilns. Nor are we concerned here with the different 

methods of quarrying, the distance of quarries from the works, methods of 

handling, and the type of raw materials being quarried. These variations 

in practices are already covered by and best suited for the existing 

operational research methods, but could hardly be of interest to this 

study, which is concerned with the macro-dynamics of the strategic 

decisions. 

3.3 The World. Cement Scene 

World cement consumption has been generally increasing throughout 

this century. In the twenty years from 1953 to 1973, world consumption of 

cement increased four-fold to a total of nearly 700 million tonnes (APCI'I, 

1975). The greatest proportion of growth in consumption was in the 

unindustrial i zed and developing countries of the world, where the bulk of 

cement is used in constructing ports, roads, bridges and modern buildings, 

which the industrialized nations already possess. This trend is expected 

to continue, and the cement consumption of a country is often a fair 

indicator of its development and progress, In recent years, due to the 

economic difficulties which faced ? gestern countries, most of the 

governments of these countries cut. back their public spendings and a 

significant drop in the consumption of cement was experienced. At the 

same time, a sharp increase in cement consumption in developing countries 

in general, and oil-producing nations in particular, has taken place. 

Although some of these countries have established their own cement 

industries, the import- of cement was inevitable to meet the booming demand, 

wherever possible. 
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The largest producers of cement are the U. S. S. R., with some 125 

million tonnes a year, and the U. S. A. and Japan with about 70 million 

tonnes a year each (Cembureau, 1976). Some of the traditional importers 

of cement are now major producers. Their production is more than 

satisfying their domestic demands and the rest is exported. In some 

other countries where the domestic market is too small to support full 

production facilities, a grinding and packaging plant is installed, and 

the required clinker is imported. These sorts of agreements are usually 

made by large multi-national companies operating in cement and allied 

industries throughout the world. 

Cement is rapidly becoming an international commodity traded across 

the boundaries by land and sea. During the last fifteen years, the 

volume traded has more than tripled and is now a world wide operation (see 

Exhibit 3.1). 
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Traditionally, cement was exported from a manufacturing country in bags 

as part of a general cargo in conventional cargo ships. Today, a large 

proportion of cement trade is in bulk and is shipped in specialized bulk 

carriers. An even newer form of trade - the bulk shipments of cement 

clinker - is emerging. Since clinker does not react with water and set, 

it can be carried in the conventional bulk dry carriers. These ships do 

not need special facilities for loading and unloading clinker and are 

usually on charter for conveying similar materials such as coal and 

mineral ores. 

While these developments count for the increased volume of cement 

trade by reducing the rates of freight per tonne, there are other factors 

influencing the trade, such as closeness to the markets, mere availability 

of supplies, and the direction of exports. Previously, the bulk of trade 

was betieen the Western Coasts of Europe and Eastern and Gulf Coasts of 

the U. S. A. Recently, the largest markets are in North and West Africa, 

the Persian Gulf and Indian Ocean states. The former is usually supplied 

by Europe and the latter by Japan and other Asian countries (APCM 1973). 

Above all, cement is a bulky and expensive cargo to send by sea to a far 

destination. Therefore, nearness to the markets is an important factor 

in global cement trades. 

These factors made several European manufacturers, in particular 

those of Great Britain, Switzerland, France, and Belgium take a financial 

interest in companies in different parts of the world, or set up 

subsidiaries in developing countries. These often resulted in increased 

production on a scale to supply the domestic markets as well as nearby 

cottries. 

Finally, while the upward trend of cement consumption in developing 

co n pries is expected to continue for J eu'.. s to corn :f he consu ption in 

the industrialized world should become fairly stabilized (APCN 1975). In 
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the former countries, however, the local cement industries are 

establishing rapidly as they acquire more and more technical and 

managerial know-how. 

3.4 The U. 1% Cement Industry 

The Portland cement industry was established in Great Britain in the 

late nineteenth century. Portland cement, a British invention, was 

produced by a number of relatively small works mainly clustered around the 

Thames valley to the South Eastern districts and East Midlands coast. 

The main reason for this was -Ehe relatively abundant and accessible strips 

of soft chalks of these areas. The output of each work was small and 

would not travel to far distances but satisfied local demands. The 

tradition was to operate the works during the day and for two to three 

seasons a year. It was so until the early 1930ts when the works of the 

Rugby Portland Cement Company Limited, under the leadership of Sir Halford 

Reddish, started to operate 52 weeks a year 1964). The total 

production output in 1934 was about 5 million tonnes of which 98 per cent 

was consumed in the U. K. 

3.4.1 The Structure of the U. Y. Cement Industry 

After a series of mergers, consolidations, and bankruptcies, today 

there are six companies operating in the U. K. cement industry. The largest 

of these companies, and one of the largest in the world, is The Associated 

Portland Cement Manufacturers Limited (APCM), with about 60 percent share 

of the U. K. market. The second largest companies are Rugby and Tunnel 

groups with about 14 percent of the market each. The total production 

capacity of the works in the U. K. was about 22 million tonnes in 1976 and 

the production was around 16 million tonnes in the same year. These 

companies are the mernbers of the Cement Makerst Federation (G 1P) Which has 

regulatory and advisory roles and was established in 1934. 
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Besides CNP, there is a large research and promotional organization 

called the Cement and Concrete Association whose main functions are to 

give technical assistance and especially to increase the uses of concrete. 

While cement itself has no substitute, it is mainly used to make concrete 

which is in direct competition with steel, brick, stone, etc. 

The distribution and delivery of cement is carried out efficiently, 

and exceptionally fast. Some 95 per cent of the orders are delivered 

within 24 hours, and this does not change much when the demand is high or 

low. About 15 per cent of the deliveries are to cement merchants. 

Another 15 per cent is ordered via cement merchants but is delivered 

directly to the sites. The remaining 70 per cent is ordered by the final 

users, of which the majority are the ready-mixed concrete firms. 

With the development and popularity of the portable cement silos, 

more and more cement deliveries are in bulk by specially designed trucks. 

Cement companies often operate a large fleet of such trucks and it is 

usually well managed and organized in a fairly constant geographical 

distribution of demand which often exists. The upset comes when a major 

project, such as the construction of a bridge or an airport, is started 

which requires re-routing of the fleets. Generally, the industry has 

coped well with these situations when they arose. 

Cement merchants are reluctant to keep large stocks of cement, 

because of the relatively high storage costs compared with prices. 

Orders of less than ten tonnes are supplied from their own stocks and 

usually in bags. Cement makers are also reluctant to supply orders less 

than ten tonnes from the final users. The price does not differ in any 

event. 

The industry has an extremely good labour relatiore record. Often 

workers stay in the industry for their entire working lives and it is not 

rare for families and generations of workers to stay with a company. 
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3.4.2 The Cement Prices 

The cement prices are set under the Cocoon Price Agreement arranged 

and administered by 0-IF. The agreement was introduced "to avoid the 

severe price competition which, in the early 1930's, created difficulties 

for both producers and users" (IPIEDE, 1964, p. 872). The Federation's 

arrangement was to encourage deliveries to a particular site from the 

nearest works, thus reducing the transportation cost - which was claimed 

tobe about 20 per cent of the price - eliminating cement depots and 

unnecessary advertising. To achieve these, the Federation provides base 

prices for each location where cement is manufactured. (Close works have 

the same base prices). 

These base prices slightly vary from location to location depending 

on the type of raw materials and fuels used. Radiating from each location 

is a series of concentric circles at about five mile intervals and these 

ire continued to meet the circles radiating from other locations. The 

delivery price within each of these circles increases by a fixed amount 

and usually between 20 and 30 miles from a works is the optimum haulage 

distance (II'ý, 1964). The Restrictive Practices Court did not find the 

agreement contrary to the public interest, therefore upheld the Federation's 

, 
Common Price Agreement with minor modifications in 1961. There was a further 

judgment* in the same court. in January 1974 which brought the original 

judgment up to date in some respects. Exhibit 3.2 compares the Cement 

price index numbers with Retail and Wholesale price indices. 

3.4.3 costs 
Data regarding production costs and profit margins are not disclosed. 

The following is an attempt to give some idea of the distribution of 

important cost items on the industry basis. This is given in Exhibit 3.3 

for the U. K. cement industry in 1960. However, Cembureau's 1975 bulletin 
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Item 

Coal and Power 
Direct labour 
Consumable equipment 
Depreciation (installed cost) 
Indirect factory labour and other overheads 

Manufacture cost, M. C. 
Average haulage 
Sales expense 
General administrative overheads 

Per cent 

45-50 
10-15 

9-12 
9-12 

15-20 

100 
20-30 of 1d. C. 

5-8 of N. 0. 
10-15 of 1. C. 

hibit 3.3 The distribution of cement production costs in 1960 
(Source: IP"EDL, 1964) 
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reports that in the U. K.: 

"Total energy costs account for 373% of the total production costs, 
Other raw materials account for 30% of the total production costs, 
and wages and salaries account for 20% of the total production cost". 

(Cembureau, 1976) 

These figures axe somewhat better indicators of the reality in 1975. After 

a careful examination of the cement companies' reports and government 

statistics, the overall costs breakdoi-m is estimated to be as follows: 

Item 

Fiel and energy 
Other materials 
Wages 
Salaries 
Depreciation 
Cost of non-industrial services 
Other overheads 

Total costs, T. C. 
Transport 
Sales and administrative expenses 

Per Cent 

40 
3-4 

15-18 
5-8 

10-15 
15-20 

3-5 

100 
15-20 of T. C. 

8-10 of T. C. 

The single most important item is the cost of fuel. Coal accounts for some 

80 per cent of this item in the U. K. cement industry where almost all kilns 

are coal fired. Energy efficiency, therefore, is very important. 

3.4.4 Industry's Problem Areas 

i The cement industry is affected by the construction industry. This 

is shown in Exhibit 3.4 for twenty years. The performance of the construc- 

tion industry, in turn, is closely connected to the government spendings. 

As is shown in the Exhibit 3.4, the general upturn from 1958 to 1968 was 

due to rather extensive government expenditures on tower blocks and roads. 

The effects of unpopularity of such dwellings in the 1970's are also 

evident, especially in the number of dwellings started. Apart from these 

overall effects and trends, a cyclic variation of 4 to 5 years exists in 

all the rileasu es. The excep tiona-Ily h 
-4- ,, 

h pea : in cement deliveries in 

1973 is due to the very mild winter of that year which allowed the contin- 

uity in construction activities. 
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However, the closer relation of cement production and construction 

activities are shown in Exhibit 3.5 where deflated quarterly values of 

construction output and new orders obtained by contractors are depicted for 

the period 1973-76. The cost of cement used in a construction work accounts 

for 3 to 10 per cent of the total value of the works, depending on the type 

of construction. There is, also, the inevitable time lag between start and 

completion of construction projects. Bearing these in mind, the foregoing 

relationships are apparent. 

From Exhibits 3.5 and 3.6 an accurate seasonality is inferred. The 

peak season, as expected, is the summer, Since cement is bulky and easily 

spoils, especially against moisture, the cost of storing it is relatively 
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high compared with other costs. This is less severe for clinker though. 

However, the cement makers usually keep low and fairly constant cement 

stocks. As seen in these graphs, the production fluctuates instead. 

Considering that cement works usually have several kilns, this, perhaps, 

is achieved by gearing the general repairs and maintenance of the kilns 

with the seasonal demand pattern. Although the graphs of Exhibit 3.6 

suggest a fall in cement production and deliveries against the rise in 

cement prices, this relationship is dubious because there is no real 

substitute for cement, and the imports of cement did not rise during this 

period either. The downfall is a part of the overall pattern of construc- 

tion activities of the last twenty years shown in Exhibit 3.4. 

Besides the close tie of the cement industry's performance to that 

of the construction industry and the severe cyclic and seasonal variations, 

, the U. K. cement industry is faced with what seems to be a perpetual over 

capacity problem. There are perhaps no simple answers to the questions of 

why it is so and how serious and undesirable it is. There are, however, 

a few points to consider which may enlighten the situation: 

It usually takes between two to three years to physically install a 

new works. This is regarded as the most certain part of the whole story. 

One other part, namely the planning permission to start a new works or to 

increase the capacity of an existing works, is not so certain. It can take 

anywhere from one to seven years to acquire such permission. A good part 

of the central and local government's bureaucracies on one hand and 

several pressure groups operating in such a pluralistic society on the 

other, may get involved. A great many people seemingly do not want what 

is regarded as a dirty neighbour: From the other side of the coin, the 

closure of a works usually upsets some others. These often increase the 

uncertainty surrounding the investment decisions that may lead to the over 

capacity situation. 
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Perhaps a more important factor is the perceived and expected little 

or no change in production technology of cement manufacturing, especially 

during the last few decades. This, coupled with the ever increasing costs 

of new capacity may act as an impetus in favour of investing earlier 

rather than later. This may sound unfamiliar but could be quite the case 

when considering a very little competition in the U. K. cement industry 

which is not virtually imports threatened. Pirthermore, the off and on 

different schemes which encourage investments may partially support this 

argument.. 

To a certain degree, these considerations can collectively explain the 

over capacity shown in Exhibit 3.7. Much of the gap between the clinker 

made and cement ground is the added materials in the grinding operation. 
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How serious and undesirable is this over capacity? In general, over 

capacity is regarded as undesirable and must be avoided as much as possible. 

However, over-capacity, when the whole industry is considered, is often 

expected to exist and accepted as a fact of life. But this acceptance is 

relative to the degree of severity of the problem. In 1973, for example, 

the industry had about 6 per cent over capacity and it is the best one can 

hope for in practice, while 27 per cent over capacity in 1976 is definitely 

undesirable. In both years, however, the industry made good profits, This 

may be partly explained by relatively high marginal cost inferred from the 

cost breakdosms given in section 3.4.3 and partly by the fact that 

relatively high cement prices were charged in 19176, as seen in chibit 3.2. 

}sports from U. K. works account only for 6 per cent of the output, but 

are becoming more and more important to the industry. About 70 per cent 

of the exports are from APCN works. The majority of exports are in bulk 

cement now but the export of bulk clinker is catching up. Imports are 

trivial, and usually highly specialized types of cement are imported. 

3.5 The Associated Portland Cement Manufacturers Ltd. (APa1) 

APC1 is the leading cement producer in the U. K. and the world. It is 

the parent company of the Blue Circle Group (The Blue Circle Industries, 

now) which operates some 20 cement works, 13 plants producing sundry 

materials, 19 send and gravel plants, and 33 depots and bulk cement plants 

in the U. K., and have interests in nearly 50 cement works and grinding 

plants overseas. 

Since it has some 60 per cent share of the U. K. cement maiket, the 

problems. outlined above for the industry as a whole are applicable to the 

AMI as well. In this section, therefore, some other areas of interest 

related to the Group axe discussed. 
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3.5.1 Organization and Operations 

APC1I was formed in 1901 and its sole business has been the manufac- 

turing and distribution of cement and allied products ever since. Very 

early on it acquired interests in different parts of the World and is now 

the holding company of an international Group which operates in all 

Continents of the globe. Throughout its history, the company has 

reorganized several times, the latest dating from the beginning of 1977. 

The new organizational structure is shorn in 11rhibit 3.8. The Massaging 

Director is assisted by five corporate staff groups. There are four 

operating groups with their otn chief executive, who is responsible for 

the total operation and profitability of his specific area of the 

business (APCM, 1976). . 

The Board 

Imaging 
Director 
APc I 

STAFF ß nance Personnel Legal Company Public 
Secretary Relations 

OP LAT7NG Blue Blue Blue Blue 
GROUPS Circle Circle Circle Circle 

Cement terprises International Technical 
U. K. 

Exhibit 3.8 Basic Organizational Structure of the Blue Circle 
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The Blue Circle Cement U. K. is the largest group with assets of 

more than £200 million and some 9,500 employees. Its main operation is 

the production, sales, and distribution of all basic cement products. 

The Blue Circle iterprises is responsible for production and sales 

of all group's products and services except cements. Among its products 

and activities are cement based paints, plaster finishes, flints, bricks, 

industrial minerals, and land and property development. In short, it is 

responsible for the diversified side of the Group's businesses in the U. K. 

The Blue Circle Technical is responsible for organizing the technical 

know-how and co-ordinating all the research and development activities of 

the Group. It employs some 550 people with various expertise and is 

organized in four divisions; R&D, Technical Application, Geological 

Services, and Engineering Services. This operating group is the fastest 

growing of all and is currently the centre of a great deal of attention. 

The Blue Circle International is responsible for the overseas invest- 

tents and operations. Its major division is the Consultancy Division, 

which was originally set up in 1969 to assist companies all over the world 

in the manufacturing and marketing of cement. This group recently 

provides about 30 per cent of the Group's total turnover. 

These operating groups enjoy a degree of autonomy. The Chairman's 

statement for 1977 reads: 

"It is gratifying to report after a full year with the new 
structure that we are beginning to gain the benefits of 
decentralized operp. tion, decision-making at lower level, 
and increased motivation".. 

(APc, i, 1977) 

3.5.2 Financial ? erforrzance 

The Company is often considered as a successful performer when 

compared with other large U. K. international corporations. This, however, 

is not possible to prove or otherwise without having considerable inside 
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information to enable one to conduct. a thorough analysis and comparison 

of the company's performance. What is presented here is the result of a 

limited analysis dictated by the limited but available data, with a 

painstaking effort to reduce the amount of noise and discrepancies 

inherent in most of the published data as far as possible. This should 

be sufficient to create"a feel of the company's financial performance 

through some of the better-knot"m measures over the recent years, though 

limited and often misleading for inter-company-and-industry-comparisons. 

A summary of the company's performance in 1970 constant prices is 

presented in Exhibit 3.9 for the period 1967-76. The overall picture. 

suggests stagnation in real terms, especially for the period prior to 

early 1970's. (Although one must remember that most of the bigger 

companies in the U. Y. have the same or even falling performances in real 

terms during the same periods). There are a few points to consider. 
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The sole business of the Blue Circle, especially for the period 

prior to the early 1970's, was cement and allied products which is a 

mature industry, and as such, it should not be surprising that it 

reflects this kind of performance. As outlined in Appendix 2. A, it is 

generally recommended by various studies that firms operating in mature 

industries should go for higher market shares to better their performances. 

In this case, the market share is already high and such policy perhaps 

could not have been followed in practice, especially given the character- 

istics of the U. K. cement industry as described earlier. 

The performance, however, was maintained through charging higher 

prices, and, perhaps, more efficiency in the uses of resources, cash 

resources in particular. For example, an item in the reported accounts 

called "Trade and other Investments" - usually at or under costs, 

includes quoted and unquoted equity shares in the associate and other 

companies, government bonds, long-term deposits and others -- was some 

£24 million in. 1970, £76 million in 1975, and a staggering ä132 million 

in 1976. While this item is obviously not included in the figures for 

net current assets or fixed assets, it increasingly accounts for a higher 

percentage of the pre-tax profit figures. 

Another point to keep in mind when consideringrhibit 3.9 is the 

companyts accounting policy regarding fixed assets revaluation. The 

company has been revaluing its overseas assets based on current costs for 

over 25 years and has done so for its U. K. assets since the first of 

January 1974 once every five years (_UGT"i, 1973). During the intervening 

years indices are used for adjustments and revaluations. This partially 

explains the two peaks, five years apart, in the reported figures for 

fixed assets. The respective falls in pre-tax profits for the same years 

are also due to higher depreciation charges. 
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Taking into account the foregoing points, the overall stagnant 

performance of the company is evident. This reflects, to a great extent, 

the mature performance of the U. K. cement industry. Since annual figures 

are shown in TMhibit 3.9 the seasonality of the cement industry does not 

appear on the graphs, but the cyclic variations are seen, though not very 

clearly. This is - besides the above-mentioned points - due to 

differences in price indices, as shot-m in E. hibit 3.2, export prices, 

exchange rates, and the fact that these figures are not completely cement 

related. Still the peak performance of 1973, show-m in earlier graphs, is 

. evident for all measures. 

Some financial ratios are presented in Exhibit 3.10 for a rather 

short period of 1972-76. The reason for such a short period is again 

similar to those mentioned earlier, principally, the longer this period, 

the harder it was to find comparable figures, given the. continuous changes 

in their accounting policies and practices. In these ratios the effects 

of the three-day working weeks and power cuts of 1974 which led to very 

low uses of capacity, are evident. The current and quick ratios would be 

higher if some of the items of the "Trade and Other Investments" account 

were considered as current assets. Other ratios calculated from fixed 

assets and/or pre-tax profit could have also stated generally higher if 

the company hadntt practised the revaluation of fixed assets. Therefore, 

these ratios should not be compared to the similar ratios of other manu- 

facturing companies. In hibit 3.11 the company's ordinary share prices 

together with the earnings and dividends per share unit are provided. 

The company is not active in issuing new shares. In 1972 after some eight 

years from a previous occasion a bonus issue of one stock unit for each two 

ordinary share units held at that time was issued. The Preference Capital 

is trivial (less than O. 4ý; of the Ordinary Share Capital). The company 
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X1.00 Earnings per Dividend 
Ordinary share price Ordinary Stock per=Ordinary 

Pence Pence 
... Unit Stock Unit 

Year High Low (pence) (pence) 

1967 340 250 12.7 7.6 
1968 395 265 10.9 7.6 
1969 305 200 8.0 5.7 
1970 230 170 10.7 7.7 
1971 280 150 16.8 " 9.3 
1972 330 210 17.4 9.8 
1973 230 130 18.5 6.9 
1974 130 70 9.6 . 7.0 
1975 185 70 18.3 7.6 
1976 190 120 22.8 8.4 

Ebchi. bit 3.11 Ernings, dividends, and shaxe prices of Blue Circle 

Sources: Noodles Investment handbook and APM Reports. 

does not seem very active in borrowing though it should be able to get 

good terms. The company is nearly "self-financed". 

Some statistics related to the company's number of employees and 

exports in the U. K. are provided in Exhibit 3.12. The number of people 

employed by the Group in the U. K. is falling, though its employment world- 

wide is generally increasing. The value of exports is increasing. The 

exports are in dollars so the exchange rate affects these figures. The 

Group is the major exporter of cement in the U. K. and a considerable amount 

of its output from the overseas subsidiaries is exported to other 

countries. 

0 
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Export of 
Cement and Value 

Average No. of Clinker from of Exports 
employment in U. K. from U. K. 

Year the U. K. (000's tonnes) i&n) 

1972 13,206. 775 9.7 
1973 13,053 1,400 12.2 
1974 13,110 goo 13.2 
1975 12,597 749 15.5 
1976 12,228 980 23.4 

1977 11,854 1,742 47.4 

Exhibit 3.12 Blue Circle Enplbyment and Exports in the U. K. Operation 

Source: The Blue Circle Groiip Report and Accounts. 

3.5.3 Growth end Diversification 

The limited opportunities for growth within the U. K. cement industry, 

the problems and difficulties of exporting cement, and the risks of 

depending more and more on overseas operations, led the company to 

seriously consider diversification as an alternative strategy for growth 

in the mid-1970's. The company, of course, had already diversified a 

little within the construction industry on a rather haphazard basis. An 

ever-expanding market in the 1950's and 1960's construction industry was 

perhaps assuring that a major effort in diversification was not needed. 

During this decade, however, the picture does not look so bright for the 

industry. The Group's Report for 1976 gives the reasons for pursuing 

diversification: 

"A five-fold increase in oil prices and the subsequent rise 
in other energy costs, the effects of a falling birth-rate, 
combined with the realisation that substantial reductions 
in Government expenditure were necessary in the years ahead, 
confirmed to the Board of APOI that the largely one-product 
base needed to be widened if the Blue Circle Group's long 
term future was to be assured". 

CUM. 1976 

f 
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The Group reorganization as described in sub-section 3.5.1 had as 

its prime objective to ensure the success of the new strategy and marked 

the management's commitments to it. Though the Group was well committed 

to the geographic diversification long before and was successful, the 

broadening of the product scope was apparently seen by the management as 

both necessary and inevitable. The greater emphasis on fl &D was by the 

creation of The Blue Circle Technical within which two divisions, namely 

Research and Applications, are busy pursuing new opportunities and turning 

up new products, to ensure the achievement of this new end. The Group is 

currently spending more than 212 million on R&D alone, and the Research 

Division employs some 160 graduates and technicians which is an indication 

of the importance that the company places on this aspect of its operations. 

In an interview conducted by the author vith the company officials, 

it was revealed that the diversification strategy is primarily based on 

the existing expertise within the company. A number of possible industries 

which are said to have a special priority for diversifying into are: 

- Chemicals - Based on the Group's expertise of chemical engineering 

stemming from cement and cement-based paints. chemistry. 

. -- 
Iiinerals - Based on the Group's knowledge in quarrying and 

; minerals extraction. 

- Ilergy Conservation - Based on the Group's newly pursued research 

on fuel economy and thermal efficiency. 

-- land and Property Development - Based on the skills gained through 

rafter-user of quarry sites. The company has a good number of such old ' 

sites created by its long history of quarrying and cement production. 

-- Do--it-. yourself - Based on the Group's building materials marketing 

and merchandising which led to acquiring know-how in building repairs. 

The company is likely to remain a ;u in s as defined in 

Chapter 2, iri ih cement and allied products consi inuin to dominate its 
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results in the near future, but possibly will develop into a related 

business' diversified company further ahead into the future. The main 

criterion besides the consideration of existing expertise is that the 

industry to which it will diversify will produce £4 to £5 million annual 

profits after 5 years of diversification. 

3.6 Sun many 

The cement production technology was found to be one of those with 

little or no technological change. Although cement is becoming an 

important commodity traded world-wide due to recent developments in 

shipping and transport, the very bullky nature of the cement, hence its 

transportation costs relative to its price, limit its scope to be carried 

for long distances. Besides, the traditional importers of cement rapidly 

establish their own cement industries. 

The close relationship of the cement industry to the construction 

industry and government expenditures in the U. K. makes it an industry 

with severe cyclic and seasonal variations. on the face of these conditions, 

the industry limited severe competition and the largest manufacturer of 

cement in the U. I. could manage. only a sta ant yet profitable performance. 

The company found itself forced to diversify if it was going to grow and 

prosper. The diversification strategy is based on the company's existing 

expertise. ' Finally, a few industries to which it intends to diversify were 

listed; these likely to change the character of the company to a dominant 

business where cement and allied products will still contribute the 

majority of the company's income in the near future. 
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(APCM) Associated Portland Cement 
Manufacturers Ltd., 1972-77 

Cembureau, 1976 

1976 

1978 

Francis, A. J., 1977 

fDL, 1964 

k 

Report and Accounts, 
The Blue Circle Group, London, 
1972-77. 

"Statistical Review, No. 33 -. 
Cement Production, Trade, 
Consumption, 1974-75". 
The European Cement Association, 
Paris, France. 

The Cement Market and Outlook in 
1975, The European Cement 
Association, Paris, France, p. 21. 

World Cement Market in x`i. gures, 
1913-1977. Statistical Review No. 35 
Special Edition. The European Cement 
Association, Paris, France. 

The Cement Industry, 1796-1914: 
A History. David & Charles 
(Publishers) Ltd., Devon. 

"The Rugby Portland Cement Company 
Limited". A Case in: Business 
Policy: Texts and Cases, by 
Learned, F. P. et al, Richard D. 
Irwin, Inc., Homewood, Ill., 1965. 
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PART TWO: The Model 

This part consists of three chapters; 4,5 and 6 all about the 

model. In chapter 4 we discuss how the formulation of the model is 

approached, together with a discussion of the model particulars. 

Chapters 5 and 6 describe some of the equations written for the model 

with the reasons that justify their formulations, and values assigned 

to the parameters and initial conditions that appeared in them. 

I 
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Chapter Pour 

MODEL FORNULATTIOPT 

4.1 Introduction 

This is the first chapter of Part 2 which deals with the general 

Cement-Diversification model. In order to build such a model we should 

first define its purpose in a way useful to guide its development. Then 

using the information presented in Part 1, we take the task of formulating 

a model worthy of that purpose. 

In formulating a dynamic model of a system, one has to draw a line 

around the parts of the system directly related to the problem on hand 

and the purpose as defined. That is to identify what factors, of many 

influencing a phenomenon, could and should be treated from inside and 

which ones are out of our reach. The third section of this chapter is 

devoted to this very task. In the parts of the model dealing with the 

cement sector of the business some information is available as given in 

chapter 3. When the diversification is concerned, we mainly turn to the 

literature as a source of information. Finally, we take an overall view 

of the model to get a better feel of it. 

. 4.2 The General Cement-Diversification yodel Purpose 

Notwithstanding the general view that a model should be built to serve 

a particular purpose, large scale SD models are often built to a cluster 

of related purposes. This is, of course, subject to the point one viers 

a particular model from. For example, an overall purpose for the present 

model could be viewed in general terms, such as "to understand the dynamic 

effects of the diversification strategy". This, then could be broken down 

into some more specific purposes, often reflecting the modelling process 

and analysis, such as the comparison between the simulated performances of 
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the single cement business firm and the diversified firm, the reasons for 

the effectiveness of diversification, the search for the factors which 

were deemed to be more significant in the success of diversification, and 

the search for suitable industries that 'match' better with the existing 

business, etc. The extra modelling effort in fulfilling these related 

purposes is relatively small compared to the extra insights gained by 

their incorporations. The model's purpose(s), however, should be 

homogeneous and be clearly defined. This is the task of this section. 

4.2.1 The Effects of Diversification 

As seen in chapter 2, there is a disagreement, particularly among 

the empirical studies, as to what are the real effects of diversification 

upon the firms' performance. This, then is a justified purpose for this 

model in trying to throw some light over the whole question of diversifi- 

cation effectiveness. This is to be carried out in rather general 

financial terms when it comes to the actual equations formulation of the 

model, as will be seen in the subsequent chapters of Part 2. 

In order to have a fair basis for measuring the effectiveness of the 

diversification, the model should simulate two general cases; the case of 

the non-diversified cement company, and the case of a diversified cement 

company. These cases could be modelled separately, but a more economical 

way is to build a single model with both cases presented. Some key 

parameters are then used to 'freeze' sectors of the model to simulate the 

desired case. This approach is followed here. Therefore, the model 

relates to two sets of performance contexts; the cement-alone performance 

and the cement-diversification performance. 

The next rational question to, -ask.: is why diversification affects the 

performance, if indeed any such effects were realized. Clearly, this 

question is asked in a given model's context, which is limited by the 
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number of factors considered. Therefore, it is a 'secondary' purpose in 

our model building here, in the sense that it will not guide us in 

deciding on the model's boundaries. The answers should be derived from 

the analysis of the model. 

4.2.2 Test of Significant Factors 

There are numerous economic and non-economic factors that may affect 

the success or failure of a diversification decision. The test of 

significance of these factors via the traditional experimental designs 

often involves the gathering of a massive amount of data, some of which 

virutally do not exist. A SD model could be utilized in this context for 

the purpose of initially identifying such factors, and if found significant, 

to recommend the collecting and keeping of the relevant data. A number of 

economic factors, some of which are better known and others which 

actually came to our attention during the model building process, are to 

be considered in this model. These are: 

i Investment project completion delay time. 
ii The pattern of payments for project completion. 

iii Minimum Investment Level. 
iv Cost of capacity. 

v Profitability. 
vi New projects to become profitable delay time. 

vii Average projects. useful life 
viii Demand pattern. 

All of these factors are to be fully defined later. For now it is 

necessary to note a few points: 

First, this list is not by any means complete. While our intention 

in this study is not to include the non-economic factors present in any 

diversification decision, there could be some other economic ones 

4 

deserving consideration. A particular industry-can usually be character- 

ized by these factors, and whenever we refer to an industry's 

characteristics, tire. mean the array of specific values for these factors. 

I 
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Second, these factors are actually 'risk' components some of which, 

like profitability have long been a part of risk analysis techniques. 

Therefore, their consideration at a time of decision making for diversi- 

fication should reduce the risk of diversification failure. 

Third, there are only some pragmatic statements related to the 

significance of most of these factors like the delay times, found in the 

business policy literature. The paucity of data of this nature could 

well be one of the reasons for the apparent lack of research on these 

factors, since the traditional research designs often require substantial 

data for analysis. 

However, these factors are to be included in the model and tested by 

subsequent simulation runs, as a part of the sensitivity analysis of the 

model. 

4.2.3 Search For a Diversification 'rlatcht 

Another purpose of the model is to use it to characterize an 

industry or a set of industries which possess the sort of characteristics 

that together with the cement industry would result in an overall better 

financial performance. The idea of establishing a well matched mix of 

businesses in the policy literature often means the diversification into 

products which use similar manufacturing technologies and distribution 

channels, This is thought to bring about the synergistic benefits. To 

us, however, this idea implies the hiller utilization of the financial 

resources by applying the understanding that each business of a mix 

requires some specific financial requirements and results in a particular 

cash flow behaviour. A well matched mix of businesses then means 

matching the financial dynamics of a mix so the overall behaviour of the 

firm will improve. 
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APCM, for example, is a well established firm in the U. K. cement 

industry. Its financial structure and behaviour is a reflection of the 

cement industry's characteristics. In theory, APCM can best afford the 

diversification into another industry, if this industry requires the kind 

of financial resources that could be supplied by the present structure. 

When this happens the overall financial performance of the company should 

improve. To illuminate the idea, a summary table of cement and two 

hypothetical industries' characteristics are show-m in Exhibit 4.1. The 

question is then which industry a cement firm should diversify into? i. e. 

which of the combinations; cement + A, or cement +B is more appropriate? 

The traditional analysis for tackling such decision problems are often the 

well-known basic capital investment techniques or their various refinements 

and extensions (which principally require considering factors directly 

related to cashflow such as projects' costs and revenues), together with 

largely intuitive considerations for making possible synergies in production, 

marketing, and finance. 

In this study, on the other hand, we take a broader view of diversi- 

fication decision as being a strategic one bearing long lasting consequences 

on the firm's performance where even the not-so-obvious cash flow related 

factors such as the average construction delay experienced in a particular 

industry may significantly affect the outcome of that strategic decision. 

Still more important is the notion that if industry A proved to be a better 

match for a cement firm it does not necessarily mean that it is a suitable 

industry for every firm to diversify into. it is the notion of relating 

the dynamics of a particular financial structure to the question of 

diversification through creation of a well matched business mix which 

assures the full utilization of the potential financial strength and 

resources. The criteria of marking an industry as tsuitablet is that if 

the simulated performance of the mix resulted in an acceptable financial 

structure and exhibited a stable growth behavioural mode. 
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4.2.4 Designing Resource Allocation Control Mechanism and Policies 

The design and improvement of control policies is rather a tnaturalt 

purpose and outcome of any SD modelling, and the present one is no 

exception. For this model, the central control mechanism clearly should 

be concerned with the allocation of the limited financial resources to 

investment projects for the expansion and/or maintenance of the cement 

side of the business on one hand and to diversification projects on the 

other. This purpose is a logical step in the development of the model 

which comes after finding suitable diversification program*. 

In concluding this important section on the present models purposes 

we once more express the need for the homogeneity of them. As seen, all 

. 
these axe related parts of a single overall purpose; that of understand- 

ing the dynamic effectiveness of diversification strategy. 

4.3 The I"Zodel Boundaries 

Armed with the stated model purpose, we now proceed in laying dorm 

the foundations of a System Dynamics model. A SD model is developed by 

observing and recording the internal and external influences and the 

direction of causations bet'reen variables which leads to the drawing of 

an Influence Diagram (Coyle, 1977). The decision of including or 

excluding a particular variable in the model - the definition of the 

model boundary -. is based on the model's purpose. This section briefly 

defines the salient external and internal influences. 

4.3.1 sternal Influences 

Three main streams of influences should be defined as they are found - 

with different degrees of influences -- the driving forces behind the 

9 

The earlier generation of the present model was built to accommodate only 
the first three of the foregoing purposes and is an important stage in the 
model's overall develou-ent. it is fully documented and stored in the 
SDR',, 1Todel Archives under ý0 (C-ý'iOD}. 
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observed behaviour of the system in question. These are the cement demand 

pattern, 'circumstances' leading to the decision to diversify, and the 

capital market: 

4.3.1.1 The Cement Demand Pattern 

As seen in chapter 3, the cement demand is highly cyclical and 

severely seasonal. Especially during the last five years or so there has 

been a marked decline in the basic demand and the future is viewed as 

hardly being a prosperous one. Considering, as well, the fact that there 

have not been any significant swings of market share between the cement 

companies in the U. K. for a considerable time, the effects of such a 

demand pattern on the company's performance is not hard to imagine. 

Besides, this is one of the important factors in creating the circum- 

stances that often leads to consider the diversification strategy. 

4.3.1.2 Circumstances Leading to Diversification 

A combination of internal and external factors often form a 

situation that triggers off the decision to diversify, as discussed in 

Ansoff (1965). In this model we take the view that the initial step which 

is the decision to diversify is bypassed. This is to say that the firm 

is 'committed' to the strategy as an alternative but the extent of this 

commitment is still to be imposed by the environment. These impositions 

may be through a number of factors that limit the firm's growth prospects 

in the main business. This case is, of course, different from an 

'accidental' diversification, as mentioned in chapter 2. The diversific- 

ation case formulated in this model is then the one often followed by 

companies in practice, which basically are trying to build up on the 

strengths and hoping to remedy the wea'messes caused by the circumstances 

in which they operate. 1 The n ems nCý business s is of they `ýLtt Zil of f the the ü_ In b'li vac 

the most frequently cl-aimed causes where the diversification into another 
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industry with a different demand pattern is hoped to improve the 

situation. Other causes are due to the behaviour of the competitors, 

suppliers, and the changes in the, consumers' needs and attitudes. All of 

these factors are inter-related in a complex fashion that fors a good 

part of the circumstances leading to diversification. 

However, any phenomenon is influenced by a complex chain of related- 

ness. ''his has long fascinated man's thinking and is nicely observed by 

Susan Stebbing as quoted in Beckett (1971): "Thou canst not stir a flower 

without troubling a star". But in the modelling of a system the important 

decisions have to be made as to what links in the chain of such complex 

causations and influences should be included and which ones are to be 

regarded as external to the model. The criteria in making these decisions 

are the model purpose, validity, closure, and the controllability of a 

particular factor, all are fully discussed in Coyle (1977) and Forrester 

(1961). 

As seen for the cement sector, cement demand was influenced by the 

construction industry, and this in turn was found to be influenced by the 

government expenditures, and so on ..., but the observed cement demand 

pattern was chosen to represent the way these factors collectively 

, 
influence the system. The same principally applies to the diversification 

sector. Here we represent the above-mentioned complex influences by what 

we shall call 'diversification demand', and let it originally drive the 

diversification sector. The diversification demand is, in more familiar 

business policy literature terms, a measure of 'opportunities? present in 

the environment from managements point of view. 

This representation, then, perfectly serves the model purpose and 

fits to the diversification case considered by this model. In the search 

for a diversification match, different demand patterns are simply tried, 

and at the same time, it should be possible to see the extent to which the 
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financial potential of the firm could be stretched, and the resultant 

dynamic behaviour of the diversifying firm could be studied and under- 

stood. Therefore, the detail modelling of the foregoing factors is not 

required at all for our purpose in this model. 

However, as opposed to the cement case where there is a recorded 

behaviour of cement demand, we have to go through a logical process, 

backed by the existing literature, in order to establish the general mode 

that the diversification demand might have. To begin with it is concluded 

by Hewbould and Luffman's study (1978) that the more diversified a firm 

is, the more likely it will further diversify. The reasons for this are 

found in the very process by which most firms, at least in theory, 

diversify. As said in chapter 2, the process is based on the notion that 

the chances of success in the new business line increases if the line 

utilizes and builds on some already existing strengths. The strengths 

are often in terms of existing production technologies, marketing and 

distribution channels, and above all the skills and expertise. As the new 

lines become established, they themselves contribute to the total 

organization's strengths. Therefore, still widening the firm's 

opportunity horizons. This clearly describes an exponential growth 

process of a given phenomenon, so, the diversification demand should be 

modelled in this way. 

Another part of the circumstances leading to diversification con- 

sists of some non-economic and economic factors which could basically be 

controlled internally by the management of any corporation. Among the 

non-economic ones -- which are out of this study's scope -- are an 

organizational sub-culture that recognizes the widen. of business 

opportunities' horizons and a managerial style that mobilizes the 

technical, scientific, and financial potentials of the firm to seize these 

opportunities. The economic factors to be described later are related to 

f 

the continuous generation, availability and control of funds. 
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4.3.1.3 Capital NIart: et 

Reviewing the purpose of this model reveals that the model should be 

primarily concerned with the investment decisions rather than the financing 

decisions. But investments must be financed in one way or another. There 

is a substantial body of knowledge related to the different methods of 

financing capital programmes in order to help managers in reaching and 

maintaining an acceptable capital structure. The review of this literature 

is out of our scope. 

In considering, the influences of the capital market on the systen we 

begin with the following statements, all of which are extracted from 

different works done and reported in subsequent chapters of NE (1575), 

as the inputs to our modelling approach: 

- Companies prefer internal financing. 

- For growth rates of less than 7--8% per annum, dividend payout 
rates of 50 or less, and profit rates of 5-iU16, the need. for 
external sources of funds is less than one-third of the total 
financing requirements. 

- Higher growth and dividend payout rates increases the company's 
dependency on external sources of funds. 

- Between the two external sources of funds, namely; Loan Capital 
and Equity Capital, the latter has marginally contributed (less 
than 7%) from early 1960's and is shrinking in significance as 
a source of finance for industry. 

- The larger companies often find it easier to obtain their needed 
f finances in better terms, therefore are less constrained by the 

capital market. 
- Gearing ratio is often considered as a criterion by the 

suppliers of funds. 

APOM is a large company 
», thus should not be constrained by the capital 

market. Therefore a simple formilation which considers these statements 

would sufficiently serve our purpose. In fact there is no need for intro- 

ducing detail financing decisions regarding the different external sources 

of funds. Long-tern borrowing is assumed available if there was a need for 

external finances. Instead, we concentrate on the borrowing behaviour of 

In 1975/76, PG I was in 120th position in the Times 1000 Listings and 
moved up to 98th position in 1977/78, Allen (1976-79). 
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the model in subsequent simulation runs, which is one of the ways of 

gauging the effects of diversification. 

4.3.2 Indigenous Influences 

There are three sets of indigenous influences which inevitably have 

to be modelled. These are the inter-relationships belonging to the cement 

side of the business, the non-cement or diversification activities, and a 

common sector to these two mainly of a financial nature. 

4.3.2.1 The Cement Sector 

The basis of formulating this sector of the model is the system 

described in chapter 3. However, not every detail of that system needs 

to be modelled for our purpose. Nor can the whole sector be totally 

dismissed for the simple reason that there should be a representation of 

the non--diversified cement firm, so it would be possible to infer the 

effects of diversification against its simulated performance. Therefore, 

some essential parts are to be modelled in the least possible detail. 

These are the process of acquiring new cement capacity and a. cement 

production and inventory sector. 

, 
So far as the cement capacity is concerned, the instalments of the 

new production facilities are mostly for replacing the old capacity, 

especially for the firm's operations in the U. K. However, regarding the 

model's purpose, there is no need to distinguish between capacities as 

such. The firm's cement production capacity is defined on an aggregate 

basis by its existing kilns capacity. 

As seen in chapter 3, the cement production process consists of 

several stages. The details of this process need not be modelled, but a 

simplified version of the production process must be present as it 
influences the cap city and r yý 1A rý O' L cu 

fJ. 
11ý1V. l cZý. sect o-. _rl: 

ý"ýCý'ZýLIiC 
d1Cb1G. ý1 of 

this part of the model is given in Exhibit 4.2. As shoti-ms the cement 

f 
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Shipment Stock 
Rate (VCS) 
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Module 

in progress Rate 
(CIP) 

. 
(APR) 

Clinker 
Production 

Rate 
(CPR) 

Exhibit 4.2 Cement Production, Shipment and Inventory Sector's Influence 
Diagram. 

clinker is taken to be the equivalent of the final product. The time con- 

stants of this sector are short, therefore the loops should exhibit micro- 

behaviours. 

4.3.2.2 The Diversification Sector 

As described in chapter 3, there is little 'norm about the decision 

structure of PC'%. regarding diversification. This sector of the model then 

is to be formulated with respect to this information and, if necessary, the 

f 
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general-knowledge provided by the diversification literature. 

Considering this model's purpose, the diversification sector should 

consist of a decision-making process for choosing and initiating. 

diversified projects and a process of installing the relevant capacities. 

These processes comprise inbuilt overall considerations of the 

diversified industries' characteristics that are deemed to be the source 

of the dynamic effects of the diversification strategy. 1herefore, the 

top management's point of view should be taken in formulating this sector. 

From this stand, the major considerations are the acquisition and/or 

development of the capacity in various product-maxket lines, the allo- 

cation of the company's resources, and finally the appraisal of the over- 

all performance of the firm. When the diversified part of a business 

consists of several product lines, the financial appraisal is more than 

often expressed in terms of the diversified business contributions to the 

total turnover and trading profits. 

Taking turnover on a dimension to measure the diversified businesses, 

contributions, it then rather simply could be traced back, applyiing the 

same dimensions, to the amount of investment needed to generate such 

turnover. This means evaluating the diversified capacity in terms of the 

sales revenue it could potentially generate over a period of time, instead 

of the more conventional means of measuring capacity which requires. the 

identification of a known industry for diversification prior to the 

modelling - clearly contrary to our modelling purpose. This also permits 

the omission of some rather standard sectors found in many corporate 

models such as production and inventory, employment, marketing and 

distribution, and the details of costing and prices. While these sectors 

may well be of a central importance to some models, their inclusions in 

this model could not be justified in terms of the model purpose. 

f 
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However, a diversification capacity sector whereby capital projects, 

with due considerations to internal and external factors are chosen and 

progressed, is to be formulated in relatively greater detail. The unit 

of measurement for diversified capacity is to be a/month of sales revenue 

that the capacity is potentially capable of generating. Some well-known 

ratios and concepts are employed in calculating the capital costs of 

projects, therefore avoiding the more usual procedures in estimating the 

detailed costs of projects. In general, this sector resembles the cement 

capacity sector with the difference that the diversified capital projects 

go through a period of non-profitability when they are first launched. 

The existance of such a period at early stages of product life cycle is 

almost universally acknowledged by the writers on the subject. But the 

relative extent and depth in which this period could bear bad dynamic 

behaviour is what we are interested in here. 

4.3.2.3 The Financial Module 

Some of the most important internal inter-relationships of any 

business firm are financial flows and decisions. A three-level financial 

decision--making structure is formulated. This distinction is merely made 

to ease the formulation and analysis of the model rather than tö. proclaim 

that there necessarily is or should be such classifications of financial 

doci Sion-maiinö . 

The first of these is related to the short-term and 'routine' 

financial considerations of a firm regarding cash flow and the financing 

of the working capital. Most corporate models consist of such accounting 

sectors dealing with the inflow and outflow of cash through receivables, 

payables, and the preparation of profit and loss statements in various 

degrees of detail. In this model we ought to formulate this sort of 

influence as well, with some general policies inferred from either the 

available information about APOI. I or accepted accounting principles. 
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The second level is an intermediate consideration regarding the 

financing of the capital projects already undertaken. In practice, there 

are several methods whereby firms finance their capital expenditure 

requirements. Many factors influence the choice among these alternatives 

of which the cost of capital is the most corraon one. In general, each 

method may become attractive at times, so, companies do often switch their 

way of acquiring finances. 

In this model the capital expenditures are financed primarily by the 

internally generated funds, and if needed, long-term borrowing is to fill 

the gap. These decisions are made for a period of time, Decision 

Interval, usually about one year. 

There are not any in--built restrictions on the level of borrowing in 

the model. This, in addition to the evidence given earlier, is due to the 

following reason: one of the model's purposes is to observe the effects 

of diversification on the financial structure of the firm, as defined by 

its gearing ratio, cash flow etc. Therefore, it is necessary to let the 

capital projects go through unrestricted by the borrowing considerations, 

but closely study the borrowing behaviour after each simulation run. In 

this case, the borrowing actually represents the level of firm's 

dependency on the external funds. in practice, however, this should be 

spread out among alternative external sources so a balanced capital 

structure is maintained. 

The third level of financial decision-making are the long-term 

considerations regarding the financial strengths of the firm in order to 

fully utilize and build upon them. As opposed to the short - and inter- 

mediate - term decisions which are at the operational levels, these 

financial considerations are at the planning level. The basis of 

appraising the financial $ trcn tiffs of the firm is the inv cstmcnt Cap 

analysis (1ialmloi.:, 1973). This consists of estimating the internal cash 
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to be generated assuming a realistic rate of growth during a few years 

into the future, plus the estimate of the borrowing power under an 

acceptable financial structure for the same period, and subtracting from 

these the estimated capital expenditures on those projects already- 

committed. This is principally a simple way of defining a firm's 

potential funds that could be raised but profitable uses of these funds 

are not found yet. 

At this level, there is a decision mechanism for splitting the 

estimated financial potential of the firm between expansion and diversi- 

fication projects. The factors considered in these decisions are the 

relative profitability of the projects in each sector, and the firm's 

overall diversification texget. Through this mechanism the allocatable 

financial resources for each sector are computed, and axe used to monitor 

the amount that can be spent on acquiring capacity in each sector. 

4.4 The Accounting Basis 

In order to improve the utility of a study, the effects of inflation, 

when applicable, should be removed from the analysis. As the inflation 

rate differs from time to time and country to country, the findings of a 

work which neglects the above principle would be limited in two ways; 

first, it would be hard to compare the findings of the study with the 

earlier ones, therefore not possible to insert them in the overall stream 

of research works on a subject. Second, the application of the results to 

various circumstances would be limited if not impossible. 

Keeping these in mind, we further develop the model on a constant 

basis. This is done by applying the costs and prices as they were in 

1972 -- when the simulation starts -- and keeping them constant throughout 

the simulation run. 
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4.5 In Overall View of the Model 

The chances of getting any useful points across by including the 

complete influence diagram of this large-scale model in here are very 

slim indeed. Instead, we present a schematic influence diagram where 

the principal relationships can easily be observed, and serve as a 

vehicle to familiarize ourselves further with the model. This is given 

in Exhibit 4.3. 

The interesting dynamics of the firm's investment behaviour are 

originated both from the changes in environment via the demand patterns 

and from within as the results of the interactions between the cement and 

diversification sectors. The fact that each of these sectors are 

'independent' structures comprising different flows, policies, and delays 

are inferred from the loops at either side of the diagram. However, 

these two sectors interface with one another through the financial flows 

in general. The particular case of a formal intervention for regulating 

the interfaces between the sectors is through the Resource Allocation 

Control I. Iechanism. The influences and relationships depicted are 

generally sensible and are based on the observed, described, and/or 

assumed phenomena in the real life situation. rurther details of each 

individual relationship will be given in the following two chapters. At 

the macro-level, this loop structure reflects the reality, as described 

in chapters 2 and 3 sufficiently well, in that it models the parts of the 

system responsible to pursue the expansion and diversification policies. 

These sectors- call on the financial resources of the company, perhaps at 

different times and with varying degrees of severity. They too may 

contribute to the financial strengths of the company, again, in differing 

times and amounts. The role of controller is to steer the company through 

these differences so the overall objectives of the firm are achieved in 

the best possible way. 
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Exhibit 4.3 A Schematic Influence Diagram of the Model 
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4.6 Summary 

In this chapter we first defined the purpose of the general Cement- 

Diversification model. This was found'to be, in general terms, to under- 

stand the dynamics of the corporate diversification. This was then broken 

down to a set of more specific homogenous purposes as guides in the 

building of the model. 

Next, in an attempt to define a model's boundaries which would fulfil 

this purpose, we identified the salient external and internal influences. 

These were generally found easier to identify for the cement sector where 

some information is available as given in chapter 3. For the diversifi- 

cation sector, it was partially a matter of 'case' writing backed by the 

general knowledge available. 

However, the demand patterns were found to be by far the strongest 

external influence on the system. We also extended the meanings of the 

diversification demand to represent the way that environment influences 

the firm especially in terms of opportunities that it presents. Bit 

despite these external influences, the internal structure of the firm's 

decision-making processes were found equally important in exhibiting a 

particular behaviour. In trying to keep the model simple and manageable 

as much as possible, we omitted several internal sectors deemed as having 

little or no relevance to the models purpose. Capacity acquisition and 

development process together with some financial relationships found 

sufficient internal sectors to be included in the model. 

Finally, we took a brief overall view of the model to get some feel 

of the system's behaviour. This revealed some interesting and promising 

points, which encourages further development of the model. 
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Chapter Five 

D +IAND FORECASTS AND PHYSICAL FLOWS OF CAPACITY 

5.1 Introduction 

This chapter describes the equations formulation of the general 

Cement-Diversification model. The equations cover the demand forecasts 

and the physical capital projects flow sectors of the model. For the 

sake of brevity we disclose only those equations which are important in 

the sense of: 

- relative complexity of the equation, 
-- a major assumption is built in it, 
- or it further illuminates the modelling purpose and approach. 

The rest of equations are found in the listings of the model in Appendix 

5. A. 

These equations are for both cement and diversification sectors 

of the model. When a set of equations is similax for both sectors, only 

the set belonging to the cement sector is presented. We also try to 

substantiate the value of parameters and initial conditions following the 

presentation of the equations in which they appear. 

5.2 Forecasting Demands Equations 

As. seen in chapter 3, the cement demand is cyclic. An element of 

the business cycles should be present for the diversification demand as 

well, since these variations are experienced by a variety of industries. 

However, the particulars of these variations could differ from one industry 

to another, which are some of the factors to be tested. In fo miulating the 

equations, a perfect forecast is basically assumed, but provisions are 

made to test the effects of forecasting errors. 

5.2.1 The Basic Demand Levels 

The Basic Cement Demand Level BLEY is formulated to represent the 

reported Home Deliveries of the U. K. cement industry for the first five 
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years beginning from 1972, and, to test three future scenarios, namely; 

constant, growth, and decline in the Cement Demand: 

A BLEV. K = SBLEV*(TAIL(GF, TIME. K, 6,66,12)+S. K) EQ. 5.1 
C SBLEV = 1500 
T GP = 0.97/1.02/0.92/1.02/0.85/0.75 

BLEV = TT/M Basic Demand Level (U. K. Cement) 
SBLEV = TT/1"1) Starting Base Level Demand for Cement (U. K. ) 
GF =1 Growth Factor 
TIME = Pi Months, Simulation Time 
S=1 Scenario: A Dummy Variable to try Different Future 

Growth in the Basic Cement Demand Pattern 

A S. K = MAx(0, (TrnE. K-STE ))*SGFR T9.5.2 
CSTIM1=72 
C SGFR =0 

STt1"1E = (N) The Time At Which The Fzture Cement Demand 
Scenarios Happen. 

SGFR = (1/M) The Linear Growth Rate In The. Cement Demand 
Scenario. 

The U. K. Cement Industry's Home Deliveries from 1972 to 1976 are shown in 

the Exhibit 5.1- The value for parameter SBLEV therefore is (17.88*1000)/ 

12 = 1490 or 1500 thousand tonnes/month (T A4). The values in Table GF 

are chosen in a manner to bring the simulated Cement Demand closer to the 

actual one. SGFrR =0 indicates a constant Basic Demand Level Scenario is 

modelled, and a positive or a negative value for SGFR means Linear Growth 

or decline scenarios are respectively in order. There are two other 

parallel equations in the model which forecast the same variables by 

providing the required time shifts and are called FBLEV and FS. 

Year 
1972 
1973 
1974 
1975 
1976 

Home Deliveries 
N. Tonnes 

17.88 
19.85 
17.39 
16.68 
15.45 

f 

Exhibit 5.1 U. K. Cement Deliveries (Source: Cement i%takers Federation) 
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As opposed to the linear formulation of the Basic Cement demand, the 

Base Level demand for diversification sector, DCBL, is formulated 

exponentially, for the reasons given in. chapter 4: 

L DCBL. K = DCBL. J+DP-XGR*DCBL. J 
N DCBL = SPC 
CDT=0.25 
C GR = 0.0125 

EQ. 5.3 

DCBL = Diversified Capacity Base Level 
DT = M) Solution Intervals 
GR ý (lf14) Exponential Growth Rate For Diversification Demand 

which is the equivalent of DCBL = 
GR-XM. IE, 

, and SPC is a starting 

point value for diversification demand. Because of the aggregate nature 

of the diversification sector, the demand and capacity are measured in 

terms of sales revenue/month. It is not, however, uncommon to think of 

secondary businesses in terms of their contributions to the total sales 

revenue in practice. GR and SPC are two of several characteristics of 

the industry to which the firm is diversifying. 

5.2.2 Cyclic Demands 

As mentioned earlier, the demand for cement is severely cyclic. This 

is coded in DYSMAP in the usual manner: 

A ID. K = (BLEV. K)x(1+CMIP*SIN((6.283*(TD,! E. Y. -6))/PD)) Eq. 5.4 
C C91P = 0.11 
CPD=48 

ID = TT/4 Total Industry Demand (U. K. ) 
BLEV = TT/I) Basic Demand Level (U. K. Cement) 
CI1"MP = 1Cyclic Amplitude 
PD = 

11,1ý 

Cyclic Period 

A DI1'IAND*K= MAX((ID. KXMS)/UKTR, 1E-6) EQ. 5.5 
c ms = 0.615 
C UKTR = 0.70 

DE IIAND = TT, 4I) Cemand Demand (Group) 
MS = 1) Group's Market Share in the U. K. 
UKTR = (1) Group's U. K. Operation to the Total Activities Ratio 
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In Eq. 5.4, T"K-6 is an attempt to correct the peaks in cycles to 

correspond to the actual data. The value of four years for the business 

cycle period (PD) and a ±11%%ö cyclic amplitude (CAMP) for cement are 

inferred from Exhibits 3.4 through 3.6. In the corresponding equations 

for formulating Forecast Industry Demand, FED, some error factors are 

being introduced to these parameters in order to justify the adopted 

values for them and doing some further tests to which we refer later. 

There are, however, other more interesting points worth noting in Eq. 5.5: 

The Group's share of the U. K. Cement Market, MSS and the ratio of its 

U. K. operations to the total world wide operations, UKTR, are calculated 

in Exhibit 5.2, where IIKTR is based on the respective sales revenues 

reported. Exhibit 5.2 also supports the view that MS and UKTR are 

practically constant. If they were formulated otherwise, the model could 

have become extremely complicated. 

Year ITS UKTR 

1971 0.607 0.70 
1972 0.615 0.74 
1973. 0.629 0.72 
1974 0.626 0.71 
1975 0.629 0.70 
1976 0.616 0.67* 

means 0.620 0.705 

Exhibit 5.2 Group's Harket are and Activity Ratio 
(Source: Reports and Accounts) 

the relatively lower ratio for 1976 is partially due to the 
very low value of the pound during that year. 

Farthermore, the extra complication to the model could have not been 

justified where the object of this modelling is not really to study the 

effects of geographical expansion or diversification. Nor are there any 

reasons to believe that the Group is in such a position that it may 

significantly lose or gain market share in the U. K. cement industry if it 

diversified its extra resources into other lines-of business. 

f 
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Equations similar to Eq. 5.4 are formulated for the Forecast and 

Current Diversification Demand, FDC and CDD respectively, with the same 

PD. In the Base Case Runs, the Diversified Demand lags about one year 

behind the Cement Demand, but as said earlier, this is subject to further 

tests and analysis. 

5.3 The Basic Capaci-I Expansion Decisions Structure 

Under the perfect forecast assumption, the decision to invest on 

capacity is based on the need for capacity in some distant time in the 

future; Forecasting Horizon (IHOR), given the firm can afford it. The 

forecast of demand, for all its accuracy or otherwise, has only a 

partial role in determining the need for capacity at FHOR, notably to 

throw some light on the uncertain position of demand in the future. The 

other, and perhaps more crucial factor in determining the need for capacity 

is the amount of capacity in operation at IHOR. The latter factor, in turn, 

is affected by the amount of capacity that will be scrapped from the time 

of decision-making to THOR and the amount of new capacity that will come 

on the stream during this period. 

In modelling this situation, one can go to any length of complexity 

for determining the mentioned factors accurately if there is a virtue in 

doing so. While there should always be an attempt to keep the model simple, 

we believe that the degree of complexity and accuracy should be matched 

against the purpose of the model. -Following this sort of argument, the 

capacity expansion decisions structured and formulated with a little more 

attention being devoted to more accurate estimates of the amount of new 

capacity that will come on stream and are under construction at the time 

of decision making. This is because of the direct effects of capacity 

commissioning delays, as a characteristic of an industry which this study 

is considering, on the availability of the new capacity. 

f 
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5.3.1 The Desired and Epected Capacity 

The desired capacities for both sectors at FROR are defined by the 

forecast demands and are called DESC and DDC for cement and diversification 

sectors respectively. These are then compared with the expected 

operational capacities at fIOR; TEC and EDC for cement and diversification. 

to determine whether there is a need for further investment or not. 
9 

Equations for DESC, DDC, TEC and EDC are rather straightforward but some 

of their components need some more explanation. Sections 5.4.2 and 5.4.4 

describe the formulation of the expected new addition to capacity and the 

expected physical wear and scrapping of capacity over IHOR respectively. 

5.3.2 Capacity Completion Delay and the Choice of HIOR 

One of the very important factors in decision making and planning 

for acquiring a new capacity is the time it takes to decide on a plan and 

build or install that capacity. The time it takes to build a plant varies 

sharply from industry to industry and depends on the type of production 

technology required. For example, it takes some ten years to actually 

build a nuclear power plant (Zepeda, 1978) while it takes considerably 

less time, about 2 years, to build a cement plant. In a number of 

industries whose production facilities consist of some general purpose 

machinery, which-is sometimes mass produced, this time period may be even 

less than a few months. The magnitude of this delay should be considered, 

among other things, when setting the decision making, planning and review 

intervals, and forecasting horizon. 

The sort of planning and decision making structure adopted in 

formulating this model is best described by the means of Exhibit 5.3" 

This is drawn to show two cases; Case A when the Capacity Installation 

Delay, CIDPL, is equal to CHOR, and Case r, when CIDEL is greater than 

IUOf. At t there is C capacity available. Assuming there is no 

I 

addition or scrapping during FROR, for the sake of simplicity, then there 
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will be VC(A) shortage of capacity at FHOR, when A is the Forecasted 

demand or desired capacity then. Knowing that on average it takes CIDEL 

months to commission the needed capacity, then to fill the gap, work on 

the new capacity should start right away. However, these kinds of 

decisions are made in some time intervals, DINT, therefore the work on 

the new capacity should begin during the current DINT. When B is the 

case - where EHOR for some reason is chosen to be greater than CIDEL - 

then the work on VC(B) need not begin during the current DINT, but could 

be adjusted over the time-period CAT; the Capacity Adjustment Time. CAT, 

then, has a role to play in the smoothness of the capacity acquisition 

process and is directly related to the CID and fIOR. Therefore, in 

choosing FROR, the relative sizes of CIDEL and CAT should-be considered 

as well. In the base runs of the model, IHOR is always chosen greater than 

CIDEL by the size of DITT. 

Capacity 
Units 

C 

f 

t DINT o_RA) PHoR(B) ýýTIý 
CID 

Ehibit 5.3 The Basic Decision Making Structure as Relates to CIDEI, 
GAT, DfIT, and FROR. 
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5.3.3 Desired Investment nations 

The foregoing sort of arrangement is adopted for both the cement and 

diversification sectors. The equations concerned for the cement sector are: 

A CAT. K = I1AX(DINT, 1HOR-CIDE1) 
C DINT = 12 
C IIHOR = 48 
CCIDEL =36 
CAT = PZ Capacity Adjustment Time 
MIT =N Strategic Decision Making Interval 
FHOR =N Forecasting Horizon 
CIDEL = r1 Capacity Installation Delay (Cement). 

A DICDI. K = (CLIP(VC. K, O, VC. KtMCIL)/CAT. K) Dn T 
CMCIL=20 
CDINT=12 

DICDI = (TT/14) Desired Investment on Cement During the 
Current Decision Interval 

VC = TT�%I Variance Capacity (Cement) 
NCIL = TT/M Minimum Cement Investment Level 

M. 5.6 

EQ. 5.7 

Fq. 5.6 sets the degree of 'urgency' to act on the new capacity and, of 

course, remains constant throughout a simulation run because IHOR and 

CIDEL are time constants. kj. 5.7 calculates the amount of new capacity 

that should get started during the current Decision Interval which is 

subject to financial considerations. Therefore, the sheer need for 

starting a capacity expansion project, from the future demand point of 

view, does not necessarily mean that the project will get started. 

It is typical in real practice that once every six months or a year 

management reviews and plans for the capital projects. This periodic 

decision making is applied here. Also once a project is committed, it is 

hardly going to be totally abandoned. In fact, so far as APCM is concerned, 

neither has there been any such a case nor is there a common practice or 

procedure to deal with this type of situation. Therefore, we take it here 

that when a project is started it is going to be finished. 
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The other parameter in Eq. 5.7 is a pre-determined Minimum Cement 

Investment Level, MOIL. This is the minimum plant size below which the 

investment is not economically viable. In this model the minimum plant 

size is assumed to remain constant at 240,000 tonnes per annum. In the 

U. K. cement industry, however, the tendency has been recently towards 

much larger units, because of their apparent energy efficiencies. As 

mentioned earlier, the figures for marginal cost and break-even point 

were not disclosed. The MOIL = 20(TT/1) was adopted by studying the 

scattered information about the cement works presently in operations in 

the U. K. and abroad. The assumption that NCIL remains constant is 

justified against the modelts purpose where the study of plant efficiency 

due to size is not among them. 

The corresponding parameter in the diversification sector, Minimum 

Diversified Investment Level, IDIL, is not just the minimum plant size. 

For the case on hand, where an operating company wants to enter into 

different product-market areas,, NDIL is the minimum investment required to 

assure the success of the entry. This is called; "the 'critical mass' 

below which the chances of success drop off quickly". (. Ansoff, 1965). 

Therefore, NDIL is related to the distribution of the market amongst the 

competitors and, in general, the industry's structure. 

However, this model is more flexible than to be confined by just one 

diversification case. It could serve different users with various 

diversification cases. For example, if the diversification was into a 

single known product-market area, then N1)IL is the equivalent amount of 

investment required to generate the minimum sales revenue for the 

diversified industry to remain viable and competitive -- a very similar 

meaning to 2"ICIL. In this case, again MITI, is related to the diversified 

industry's structure and its other characteristics such as its growth 

f 
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rate*. Another user of the model might view NDIL as the minimum size of 

sales revenue or trading profits - as the case may be - that a project 

must be capable of generating to be worthy of consideration. 

In any case, the important point is the view that a particular 

financial structure can best afford and absorb a particular kind of NDIL. 

Diversification projects with 'unsuitable' MDIL could produce adverse 

dynamic behaviour. The extent and the effectiveness of such factors as 

MDIL is what we are interested in here. 

5.3.4 Some Financial Considerations 

The full treatment of the financial side of investment decisions is 

presented in the following chapter, but to keep the flow of presentation 

right, a few equations have to be described briefly here. 

As noted earlier, the establishment of a need to invest on capital 

projects is not by itself sufficient grounds for taking the investment 

decision. The next important question that the decision makers have to 

ask is "can we afford it? " This question relates to a number of factors 

such as present and expected future flow of funds, existing and desired 

capital structure as well as many non-financial ones like managerial 

capabilities and availability of skills and expertise. on the whole, it 

is often a very complicated question, as it is surrounded by uncertain- 

ties, and an array of techniques have long attempted to assist 

practitioners in answering it more objectively. In this model, however, 

we assume that the managers competently assess these factors - perhaps by 

using the available techniques - in order to concentrate more on the 

effects of their policies in structuring and utilizing their assessments. 

* There are many real life examples of unsuccessful entries that very much 
attributed to the undue consideration of the sort. Even for giants like 
Gillette where the sheer amount and race of the investment required to 
run viable pocket calculators and digital watches proved too much, so 
that both had to be abandoned after some three years and three months 
respectively. (Business Viook, February 28th 1977). 
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Equation Eq. 5.8 calculates the amount of investment in cement 

capacity that would be practically financed by the firm: 

A PAIC. K = MnT(DICUL. K, CLIP(ARC. K/CCOST. K, O, ARC. K/CCOST, K, 
X (MOIL/CAT. K)*DINT)) 
C MCIL = 20 
C DINT=12 

PAIL = TTfrI Practical Amount of Investment in Cement 
DICDI = TT/ii Desired Investment in Cement During the 

Current Decision Interval 
ARC = (f) Allocatable Resources to Cement Investment 
CCOST = ¬/(TT/ri))Cost of Capacity Installation (Cement) 
MCIL = TTAI) Minimum Cement Investment Level 
CAT = M) Capacity Adjustment Time 
DOT = (I4) Strategic Decision Making Interval 

There is a similar equation for diversification investment as well. ARC. K 

in Eq. 5.8 and ARD. K in the corresponding equation for the diversification 

sector will be defined in the next chapter. For now, it suffices to say 

that these are the maximum amounts of financial resources allocated to each 

sector after due consideration. When resources are more than what is 

needed, PAIC. K is equal to the desired investment, DICDI. K which is 

defined by considering the future need for capacity. Otherwise PAIC. K is 

the equivalent amount of investment that could be financed by the allo- 

cated funds. In any case, the amount of investment cannot be less than 

the minimum investment level. 

5.4 The Physical Flow of Capacity Equations 

A detailed influence diagram of the physical flow of cement capacity 

together with some of the relevant information take-offs is presented in 

Exhibit 5.4 For the main part of the physical flow, it is basically the 

internal structure of a Third Order Delay macro with FSCC, SSCC, and TSCC 

being the three internal levels. These are the stages of project 

completion process, which do not by any means correspcnd to the absolute, 

actual, or distinguished steps in the engineering process of plant 

construction. For these engineering steps are so numerous and are subject 
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Deed The Rest of System 
Forecasts CAT MCIL (Financial Module) 

DESC ---> VC > DICDI '- P AI C 

CASK=-DINT 

FS CC 

Cis 

j 

P3CCR F CIDFL/3 

INACF S scC 

C SCR -c CIDEL/3 

TSCC 

WI 
FHOR LCSP CRc CIDEL/3 CA 

CSAT i; - ACSR <---- CSR IKCA 
fz \14 

The Rest 
I of System 

CSDEL 'URG The Rest of System 

Definitions: 
CASK = (TT/m)A1) Capacity Start Rate (Cement) 
FSCC = TTAT) First Stage Cement Capacity in Completion 
FSCCR = (T1! 4 )/ýýI) First Stage Capacity Completion. Rate 
SSCC = TTSecond Stage Cement Capacity in Completion 
SSCCR = (TT/f1i)/1I) Second Stage Capacity Completion Rate 
TSCC = TT/M) Third Stage Cement Capacity in Completion 
CACR = (TTAI)Ari) Capacity Completion Rate (Cement) 
IKCA = TTA-T) Integrated Cement Kiln Capacity 
CSR = (TT, 41)/tt) Capacity Scrapping Hate (Cement) 
ACSR (TT, 41). 41 ) Average Capacity Scrapping Rate (Cement) 
UR =1 Cement Capacity Utilization Ratio 
CSDEL =M Average age of Cement Capacity 
CSAT = 1-1) Capacity Scrapped Averaging Time 
ECSF = TT/r4 Expected Capacity to be Scrapped During FHOR 
TEC = TT/M Total Expected Cement Capacity in operation at FROR 
HTACP = TT/I4 Expected New Additions to the Cement Capacity During PHOR 
C'S = 1) Coefficient of Completion Corresponding to each Stage of 

Completion. 

Exhibit 5.4 Detailed Influence Diagram of Physical Flow of 
Cement Capacity. 
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to the technology of plant construction for each type of capacity that 

their existence is often neither the concern of the managers who utilize 

the resultant capacity nor important to a model concerning the overall 

process of decision making. But the three completion stages have 

managerial meanings, especially where financial decisions are to be made 

for several projects in progress. Very often managers think in terms of 

"start-uptt, "main progress" and "finishing touches" of projects and what 

each means in terms of capacity availability and acquisition as well as 

the financial significance of each stage. 

The same structure is adopted for the diversification sector, with a 

little elaboration at the completion end of the physical flow. For this 

sector, there is a provision for unprofitability of the new product-market 

projects right after their being launched. As so often happens in real life 

the new products are not profitable for the first few years. these non- 

profitable capital projects are being pooled together separately from the 

profitable diversification projects in order to be dealt with accordingly 

in the funds flow analysis. As the non-profit-making projects become 

profitable they join the relevant group in contributing to the firm's 

profits. This additional part is diagrammed in achibit 5.5. As opposed to 

the cement sector, the decision to scrap diversified capacity is not 

subject to the capacity utilization or any other sophisticated control 

means. It is done, however, through pure obsolescence of capacity whereby 

the control, from the managerial point of view, lies in the attempts to 

diversify into areas with a particular average expected useful life of 

projects. 

5.4.1 Capacity Start Rate 2uations 

In the above-mentioned periodic decision making set up, the practical 

amount of investment, PAIC and PAID, is spread evenly over the decision 

f 
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Physical Flow 

Pf-iCCR 

NNPDC 

PPDD, L DCP 

Y 
AUADC °>DCSR < PDC TDC The Rest of System 

The Rest of System 

Definitions: 
PMCCR = Product NNIarket Capacity Completion Rate 
MIDCP = 

(. 
C%M)/i Rate of New Diversified Capacity Becoming Profitable 

NNPDC = £/M) New Unprofitable Diversified Capacity 
PDC = 

JP/14) 

Profitable Diversified Capacity 
TDC =%M) Total Diversified Capacity 
DCSR = (LA-I)ii) Diversified Capacity Scrapping Rate 
AUADC = M) Average Useful Age of Diversified Capacity 
PPDEL = Tß) New Diversification Projects Profitability Delay 

Exhibit 5.5 New and Old Diversified Capacity Influence Diagram 

interval, DINT. This is formulated in DYEZIAP by the use of a SAMPLE 

function, as follows: 

R CASR. KL = (SA1: PLr(PAIC. K, DINT 90))/DINT 
M. 5.9 

CDINT =12 

CASR ((TT, ki)A. I) Capacity Start Rate (Cement) 
PAIC TT/M) Practical Amount of Investment on Cement 
DINT = N) Strategic Decision Making Interval 

R RCNP. KL = (SAMPLE(PA. ID. K, DINT, O))/DDIT - D?. 5010 

RCMP Rate of Choosing New P-44 Projects (DIV) 
PAID = (/tM) Practical Amount of Investment on Diversification 

During MIT, no further decision is made as to increase or decrease the 

amount of capacity to be started, though new information may become avail- 

able as the future unfolds. 
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5.4.2 In-process Capacity Equations 

The equations of the physical flow of capacity through the stages of 

completion are rather standard rate-level equations for a third order delay. 

A more interesting set of equations, however, are the information take-offs 

from the in-process capacity, particularly, the calculation of the expected 

new additions to the capacity during the concerned THOR. These equations 

for cement and diversification sectors are: 

A rnACF. K= FSCC. KeCl+SSCC. K-ri-C2+TSCC. K; 3 
C Cl = 0.76 
C C2 = 0.90 
0 03 = 0.98 

EQ. 5.11 

FNACF = TTýII) Expected New Addition to the Cement Capacity During BOR 
FS CC = PT/I) First Stage Cement Capacity in Completion 
C1 = 1) Coefficient of Completion Corresponding to FSCC 
SSCC = TT/14) 2nd Stage Cement Cap. in Completion 
C2 i) Coefficient of Completion Corresponding to SSCC 
TSCC = TT/I) 3rd Stage Cement Cap. in Completion 
C3 = 1) Coefficient of Completion Corresponding to TSCC 

A'F1 ADF. K = FSDC. K*DI+SSDC. K*D2+TSDC. K*D3 Da. 5.12. 
CD1=0.76 
0 D2 = 0.90 
0D3=0.98 

NADF = £/k4) Expected New Addition to the Diversified Capacity During FROR 
FSDC = ¬/) ist Stage Diversified Cap. in Completion 
D1 = 1) Coefficient of Completion Corresponding to FSDC 
SSDC = £%41) 2nd Stage Diversified Cap. in Completion 
D2 = 1) Coefficient of Completion Corresponding to SSDC 
TSDC = : PkI) 3rd Stage Diversified Cap. in Completion 
D3 = 1) Coefficient of Completion Corresponding to TSDC 

The parameters; Cl, C2, C3, Dlv D2, and D3 are the percentage of 

capacity in progress at a particular stage at the time of decision making 

that are expected to have been completed by 
. 
iOR. A full account of what 

these percentages really are and how they are computed is given in Appendix 

5"B and in Moslehshirazi, 1978. For here it suffices to say that they are 

the likelihood of completion, inferred from the distribution of a DELAY3 

response to a unit impulse over time. The dynamics of DEE, AY3 (Coyle 1977 
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and 1978) suggest similar characteristic impulse responses for this macro - 

with equal arguments - over a particular length of time. More specifically, 

the behaviour of the internal flows and integrations inside the DELAY3 are 

unique and independent of the size of impulse. Therefore the response to 

a unit impulse could be used as the probability distribution for predicting 

the output of a similar structure for some time in the future. 

Cl = 0.76, for example, means that when FROR = 48 months and 

CIDEL = 36 months, 76% of the existing projects in the first stage of 

completion at the present are expected to be completed after the elapse of 

FROR months. Since in the Base Case Runs CIDEL = BIDEL (Diversified 

Capacity Completion Delay), we have Cl = Dl, C2 = ]}2, C3 = D3 as seen in 

the above equations. 

5.4.3 ysical Wear of CavacitZ Equations 

The equations for rate of scrapping capacity are basically the same 

for both sectors; the general form of the decay rate phenomenon: 

R CSR. KL = (IKCA. K/CSDiL)*CLIP(1,0,1xm, UR. K) EQ. 5.13 
C CSDE = 300 
0 ]XJR = 0.90 

CSR = (TT, i1)44) Capacity Scrapping Rate 
IKCA = TT/14) Integrated Kiln Capacity (Cement) 
CSDEL =M Capacity Average Age 
WR =1 Defined Utilization Ratio below which Cap. is Scrapped. 
UR =1 Utilization Ratio 

R DCSR. KL = PDC. K/AUADC EQ. 5.14 
C AUADC = 240 

DCSR = (£%Ii)t"i) Diversified Capacity Scrapping Rate 
PDC ¬A-i) Profitable Diversified Capacity 
AUADC = M) Average Useful Age of Diversified Capacity. 

This factor relates to the degree of obsolescence of 
production technologies of industries to which the firm 
is diversified. If the industries are technologically 
volatile this factor is smaller and vice-versa. 

The major difference, as mentioned earlier, is an inferred policy represented 

by the CLIP function in 
. E4.5.13 for the cement sector regarding the disposal 
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of cement capacity. The useful life of cement making plants is between 20 

to 30 years. However, since the basic production process and technology 

has not changed much over the years, the cement industry has traditionally 

based the decision to dispose of plants on the rate of utilization as well 

as the mere age of the plants. The older plants are usually scrapped if the 

production stays low for some time. The utilization rate of plants must be 

high because of investment intensity of the industry. The choice of 

ATR = 0.90 is inferred from the indirect evidence referred to in chapter 3. 

5.4.4 Ibc'-pected Capacity to be Scrapped over FROR 

These estimates axe made for both sectors based on the past experiences 

in scrapping capacity. A first-order exponential smoothing equation would 

provide the average rate of capacity being scrapped over the most recent 

past. This is then multiplied by the FROR to give an estimate of the total 

capacity expected to become obsolete by the forecast horizon. The equations 

for the cement sector are as follows: 

L ACSR. K = ACSR. J+(DT/CSAT)*(CSR. JK-ACSR. J) EQ. 5.15 
N ACSR = CSR 
C DT = 0.25 
C LSAT 36 

ACSR = QITtpl)I'i) Average Capacity Scrapping Rate (Cement) 
DT = M) Solution Intervals 
LSAT = ýM) Capacity Scrapped Averaging Time 
CSR = (TTbI)/ICI) Capacity Scrapping Rate 

A ECSP. K = ACSR. K*IHOR 
CFHOR= 48 

Eq. 5.16 

ECSF TT/I) Expected Capacity to be Scrapped to ]IOR 
FROR = M) Forecasting Horizon 

The smoothing or averaging time delay CSAT is chosen rather long because of 

the discontinuities created by the CLIP function in EQ. 5.13. 
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5.5 The Operational Capacities 

There are some differences in formulating the operational capacities 

of the sectors as seen in Exhibits 5.4 and 5.5. The following sub-sections 

describe the relevant equations. 

5.5.1 Integrated Cement Kiln Capacity 

Production capacity in the cement industry is often measured in terms 

of the total cement kiln capacity because of the relative importance of 

these devices in the making of cement. In this model the same idea is 

adopted. The company operates many kilns all over the world, but, expressed 

in an aggregate form it is rather simple to formulate: 

L IKCA. K = IKCA. J+DT*(CACI. JK-CSR. JK) EQ. 5.17 
N IKCA = 1400 

IKCA = TT, 41) Integrated Kiln Capacity (Cement) 
CACR = (TT, I), 4I) Capacity Completion Rate (Cement) 
CSR (TT .) I) Capacity Scrapping Rate 

The initial condition of IKCA = 1400 (Tr, 41) is approximated from the 

reported kilns capacity operated by the company in the United Kingdom in 

1971. The figure given (AMI's Reports and Accounts, 1975) for this is 

some 11.65m. tonnes/year. Therefore, given the same UKTR 0.70 from 

Exhibit 5.2, the total kilns capacity for that year is calculated: 

11.65X10oo IKCA == 13s6.9 2:: 1400 (T-PAA) 
12-`0.70 

5.5.2 Operational Diversified Capacity 

As it was shown in Exhibit 5.5, the operational diversified capacity + 

is split into two portions; a new unprofitable portion, NNPDC, and a 

profitable portion, PDC. The equations are rather simple: 

R RWDCP. KL = DELAY3 (WLLCCR. JK, PPDEL) EQ - 5.18 
CPPD'EL=24 

RIdDCP ýt1)ýM Rate of New Diversified Cap. Becoming Profitable. 
ESCCR -- 4I)M) P-N Capacity Completion Rate 
PPD ,= N) New Diversification Projects Profitability Delay 
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L NITPDC. K = NNPDC. J+DT*(PMMCCR. JKKRIIDCP. JK) E Q. 5.19 
NNNPDC=C 

NNPDC = (CAI) New Unprofitable Diversified Cap. 

L PDC. K = PDC. J+DT*(RNDCP. JK-DCSR. JK) FX. 5.20 
N PDC =0 

PDC = (Z/Z) Profitable Diversified Capacity 
DCSR = (( %I+t) f! "i) Diversified Capacity Scrapping Rate 

The rate by which the new projects become profitable is a delayed version 

of the rate of launching the new products. The level equations Eq. 5.19 and 

Eq. 5.20 simulate the existing diversified capacity of the two portions at 

any time. Considering these three equations together with the capacity 

decay equation Eq. 5.14 and their influences as diagrammed in Exhibit 5.5, 

reveals the behavioural importance of the relative sizes of PPD , -and AUADC, 

the project profitability delay and the average useful life of projects, 

and indeed, the order of the delays. This structure is supposed to model 

ideas similar to that of product life cycle, from the supply side of course, 

and it does. Exhibit 5.6 shows the resultant profitable capacity of a unit 

o. 

o. 

o. 

o. 

o. 

o. 

o. 

o. 

o. 

-o 
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size project impulse to the same structure for different magnitudes of. 

PPDEI and AUADC. As it is seen, there is a marked difference in the way 

capacity grows and collapses and the position of maximum points. The net 

effects of each capacity level on the overall profitability and cash flow 

are not hard to imagine. 

The concept of product/project life-cycle is rather well established 

with the popular phases of introduction, growth, maturity and decline 

(Kotler, 1976). These phases are recognizable for each capacity level of 

the Exhibit 5.6, though more clearly for CL64 and CL62. A closer examina- 

tion of the capacity levels reveals that a shorter PPDE', results in a 

shorter introduction phase, a very steep and short lived growth phase, 

followed by pointed maturity and a faster decline phase. This is the 

behaviour of the producers of some of the consumer non-durable brands and 

transient products like Hula-Hoops (usually not to the time-scale as in 

Exhibit 5.6). In the growth phase the rush of suppliers to the market is 

much faster and easier - perhaps due to unsophisticated production 

technology - than their withdrawals when they find themselves stocked with 

the capacity for producing a product, the demand for which has long started 

to die off. In contrast, are the resultant capacity levels with longer 

PPDEL-CL64 and CL62 - where generally longer and smoother phases are 

evident. 

As far as the order of the delay is concerned, a higher delay order 

in E. 5.18 should result in an even steeper growth phase, and generally 

greater degrees of Kurtosis and overshoot. If the diversification industry 

is expected to have such a mode of behaviour, the order of that delay 

should then be increased. Since we a: ýe modelling a general case, a third 

order delay seems to create a more typical life-cycle picture. 

f 
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There is no point in arguing which set of product group character- 

istics and the resultant life-cycle modes are better or worse. Our stand 

is that a firm with a particular financial structure deciding to diversify 

should; firstly develop the basic understanding of the implications of each 

product behaviour mode in terns of investment requirements, profitability, 

and cash flow; secondly, interpret these implications in terms of the 

existing and desired financial structure over the time; and thirdly cast 

the resultant analysis into the frame of objectives in the hope of finding 

a suitable diversification match. 

5.6 Summary 

This chapter explained some of/the equations used in the general 

cement-diversification model concerning the forecast of demands and the 

physical flow of capacity and capital projects. The equations described 

were the more important ones from the viewpoint of either their relative 

complexities or the major assumptions built into them. Most of the 

equations were found to be, simple and self-descriptive of their missions 

in the model. In so far as the assumptions are concerned, they too were 

found to be simple and clear, often backed up by a logical ground or a 

firm rationale. 

In the next chapter we follow the same approach in talking about some 

of the equations formulating the financial side of investment decisions, 

together with other important financial flows. 

f 
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Chanter Six 

FINANCIAL MOD= FOI 4ULATI0i1S 

6.1 Introduction 

my corporate model concerning a real corporate decision-making 

problem is bound to consist of some financial equations besides the 

others. These equations can take a considerable proportion of the model 

as a whole, and if left unchecked, could get involved in formulating 

details of the corporate financial aspect which are insignificant 

compared to the model purpose. The important question that the modeller 

should constantly ask- himself in formulating the financial aspects of 

decision-making is, then, the extent to which it is necessary to reflect 

these details in relation to the fulfilment of the model purpose. 

This has been the line of thought we followed in formulating the 

financial module; the simplest and most adequate forms of formulations 

in terms of equation writing and model's missions. The module could be 

described in terms of four major areas of concern; first, the operational 

finance, that is, the equations for short-term decisions and procedures 

common in most financial modules, second, the longer term decisions of 

financing capital expenditures and yT borrowings. Third, still longer 

term estimates of funds flow for capital investment decisions, and fourth, 

the performance indicators. The information flog and indeed the 

justification for the formulation of each of the first three groups is in 

the same order. The subseauent sections are devoted to the explanation 

of some equations from each of the foregoing groups, and applying the 

same method of equation selection and explanation set forth in the 

previous chapter. 
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Another section of this chapter is devoted to examining some of the 

other parameters and initial conditions which appeared in the model but 

there was no opportunity to explain them in any other sections of either 

Chapter 5 or Chapter 6. 

6.2 Operational Finance Eouations 

This section contains equations concerned with very short-term 

financial affairs. These affairs were formulated in the simplest forms 

possible to avoid any larger scale model than really needed to be. In 

doing so, however, the making of a few simplifying assumptions was 

necessary. The relevant equations not described in this section are 

found in the "Cash Flow" and the "Profit and Loss Statement Equations" 

sectors of this model listed in Appendix 5. A. 

6.2.1 Cashflow and Credit Borrowinms 

In this model, all the expenses of the day-to-day running of the 

business such as wages and salaries, cost of purchases, etc. are assumed 

to be "billed" first and paid out later. As such, all the sales are on 

credit and are collected later. The payments of these bills together 

with the payments of interest, tax, dividends, and for progresses of 

projects, form the stream of cash outflow; 0T1OW. The collection of 

debts, also, with the short and long-term borrowings form the inflow of 

cash, IFLCE1, to the system. The integrated differences between IFLOW and 

OFLOW plus the amount of cash at the beginning is the available cash at 

any time; CBLMTCE, and modelled using a standard level equation. 

To assure the availability of the cash for operational purposes 

APCM usually maintains a considerable amount of deposits (APCM, 1972-77)- 

This is reflected in the model by defining a minimum cash level, 2IINCL, 

which is the equivalent amount of the average outflow of cash, AOFLOW, 
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for a certain coverage time, CCT. If CBLANCE falls below this minimum 

level, the firm resorts to short-term credit borrowings, most likely from 

the banks, on high interest charges to fill the gap, CDISC. If, however, 

CBLANCE is higher than IMTOL, the credit borrowed; BOVRD, is repaid. 

The equations to carry out these operations are as follows: 

A CDISC. K = 1ttNCL. K-CBLXTCE. K 

CDISC = (ý Cash Discrepancy 
fINCL = ýF, Minimum Cash Level 
CBLATCE =E Cash Balance 

R CBR. KL = DIAx(cDIsc. x/DT9o)*cLiP(1, o, CrRA. K, DC ) 
C DCURA = 1.0 

CBR = (E4"i) Credit Borrowings Rate 
CURA = (1) Current Ratio 
DCURA = (1) Defined Current Ratio 

M. 6.1 

Eq. 6.2 

R CRR. KL = NAx(CLIP(BOVRD. K/DT, --CDISC. K/DT, -CDISC. K, BOVRD. 1c), O) ECG. 6.3 

ORR Credit Repayment Rate 
BOVRD = (c) Bank Overdraft 

The use of DT in Eq. 6.2 and Eq. 6.3 reflects the urgent need to have cash 

coverage. The CLIP function in Eq. 6.2 limits the credit borrowings if 

the current ratio falls below a defined level set by the management, which 

perhaps thinks that the suppliers of credit would not be willing to lend 

money under such conditions, or any other reasons. These credits are 

repaid either wholly; BOV D. K/IYT', or as much as possible; -CDISC. K/DT, 

in equation Eq. 6.3 

Again one could write so many other equations to cover all the 

possibilities and different elaborate ways in dealing with them. It is 

felt unnecessary to introduce more complications to the model, and as 

mentioned earlier in Chapter 3, and will be seen later, the system and the 

model actually do not have a serious cash position, therefore, the likeli- 

hood of unconsidered circumstances to materialize is very low indeed. 

f 
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6.2.2 Profit and Loss Section 

Although it is easy to model accounting transactions in fine detail, 

it would not be appropriate for this model. In this model the stream of 

accounting information that is becoming available is actually a continuous 

and rather immediate one, but for decision making purposes, they are 

usually averaged over a time constant; profit and loss statement 

Averaging Time, PLAT. In this case taxes and dividends, for example, are 

calculated and paid out as they are realized, but, the decision to spend 

on R and D. say, is based on the average sales revenue over the immediate 

past PLAT months. Most of equations in the "Profit and Loss Statement" 

and "Balance Sheet" section of the model are rather straightforward 

accounting equations. A few more interesting ones are presented in the 

subsequent sub-sections. 

6.2.3 Research and Development iendi±ures 

The details of APOM's policies and accounting treatment of R&D 

expenditures are not disclosed. All that is reported could be summarized 

as follows: 

-"The company spends some £2. Om a year on R& D'I(APCM, 1976) 
which for our purposes is about £1. Om in real terms. 

-- As the result of these expenditures, the company expected a 
reduction of 2.25% in fuel burnt for each tonne of cement 
produced in 1976 (APCNNN, 1975). 

The expenditures incurred to reduce the unit cost, UCOST, of the cement 

production perhaps by designing more efficient plants, find ways of 

conserving energy and improving thermal efficiency of the cement kilns. 

However, for modelling the R&D policy and cost reduction effects we 

once again resort to the generally accepted technical and theoretical 

recommendations. The following points are found a useful basis to proceed 

with the modelling of R&D: 
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- In practice, generally R&D expenditures are budgeted as a 
percentage of sales (Roman, 1968) 

- It is more sensible, wherever possible, to charge R&D 
expenditures in the accounts each year, thereby avoiding the 
creation of fictitiousassets (Batty, 1976) 

-R&D normally regarded as a continuing operations required 
to maintain a company's business and its competitive 
position (Accountancy, M-17,1976) 

- It is generally accepted that the effective life of these 
expenditures is often more than a year, but do not have an 
infinite useful life. The useful life period is often 
arbitrary, however, to some extent is related to the industry 
(ii11 above references) 

In the model, the amount of ß&D expenditure is formulated as: 

R RDE. KL = ASR-. K2; RDPF E0.6.4 
C RDPF = 0.007 

RDER (: i i) R. &D: penditure Rate 
ASR = (c, i) Average Sales Revenue 
RDPF = (1) R&D Expenditure Policy Factor 

RDPP = 0.007 is found by trial-and-error to give the right amount of R &. D 

expenditures as stated above. These expenditures are charged to the 

profit and loss accounts as incurred. 

But their cost reduction effects are realized through defining a 

multiplier; RDCRM, which is based on the accumulation and expected useful 

life of R&D expenditures: 

L CRDE. K= CRD . J+D`tl,. (RDE;? i. JK-RORD. JK) in. 6.5 
11 CRDE =0 

CRDL = £) Cumulative R&D Expenditure on Cost Reduction Developments 
RDýR =I R ý. Dpenditures Rate 
RORD = wýiI) The Obsolescence Rate of R&DE fects. 

R RORD. KL = CRDE. K/RDOT 
C RDOT = 120 

Eq,. 6.6 
f 

RDOT = (M) The Effective Life of R&D Ebcpenditure 
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ARDCII. K = IIIIýt(1ýIEL)* P(_DR*cRD . Ký i. 6.7 
cYlm = 0.5 
C DR = 1.5311-8 

RDCII"I = 1) R&D Cost Reduction Effect Multiplier 
NEI = 1) Minimum R&D Effect Limit 
DR = l/c) Decay Rate 

The 10 years effective life of R&D expenditure is adopted in the light 

of the rather slow improvements in cement production technology. The 

model should not be sentitive to the errors in RDOT estimates. To make 

sure that this is so, we shall have a few test runs with different values 

of RDOT. 

The more important point is the way that these formulations reflect 

the above-stated view concerning the continuation of R&D efforts, if a 

firm is to fully benefit from these expenses. Equations Eq. 6.5 and 6.6 

suggest that if RDER was a constant value, then they portray a curve very 

similar to that of 'learning curve', with the general formula: 

Y= A(l - e- ), where A is the limit. When x=B, Y=0.632A, or 63; % 

of the limit A. In other Words, the most of growth happens in the region 

0<x<!. Therefore, attempts have to be made to stay within this region 

where the return benefits are expected to be greater. So long as RDER 

is greater than CRDE. K/RDOT, RDC'-M-1 continues to fall and vice-versa.. 

Thus a cut back in R&D expenditure, should not be desirable. 

Eq. 6.7 takes the view that it would not be possible to halve the 

manufacturing costs of cement production through R&D spendings, over a 

conceivable time period. DR in the same equation is calculated from the 

above-mentioned projection of a 2.250/; reduction in fuel burnt per tonne of 

cement manufactured in 1976. If we assume that this substantial reduction 

was the result of stepping up R&D efforts after the energy crisis in 

1973, and that fuel cost, which accounts for 40j of the UCOST, was not the 

only cost factor affected by R&D, then, considering Eq. 6.7 we have: 
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0.5 + 0.5e-DR*3 *1.. OE6 
= 0.9775 

and; ihne`DR 3E6 Ln 0.955 

-Ds*3E6 =-0.0460 -> DR = 1.53 , -8 

which is assigned to DR in 1q. 6.7. 

Despite the very limited information available about A1Pa4's R&D 

policies and effectiveness; the foregoing formulation is both logical and 

adequate. It reflects the rationale behind spending on the developments, 

and portrays the dynamics of such efforts. So far as the assumptions are 

concerned, they are reasonable and are supported by the given evidence. 

6.2.4 Manufacturing and Other Costs 

Having calculated RACRyI and working on a constant prices basis, the 

unit manufacturing cost for cement is simply given by: 

A UCOST. K = SUCST*RDCI 1. K EýJ. 6.8 
C StCST = 6500 

UCOST = (%TT) Manufacturing Cost per Unit'of Cement 
SUCST = (a/TT) Starting Manufacturing Unit Costs 
RDCff'I = (1) R&D Cost Reduction Effect Multiplier. 

StJCST = 6500 (£/TT) is based on the average unit manufacturing cost for the 

U. K. cement industry in 1972, given in T hibit 6.1. With the lack of 

detailed information, this figure is very reasonable, especially when 

considering the fact that we are talking about. a company which has the 

majority share of the U. K. cement industry and that counts for the majority 

of its total operations. 

MOST is used to define the Rate of Cement Manufacturing Costs, ROMC, 

and after valuation of cement stocks on the average cost basis, the cost 
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Item: (NOTE 1) 

Purchase of raw materials 74.4 
Increase in u'ff 1.9) 
Cost of raw material used 72.5 
Increase in work-in-progress inventory 1.2) 

71.3 
Operative wages 19.2 
Other expenses (Note 2) 20.1 

Total manufacturing costs on works completed 116.6 

Total cement ground in U. K. during 1972 (note 3): 18.05 in. tonnes 

Average 
unit man. 116.6°"-106 

_ 6459 (/2'T) 
cost during 3 
1972 in UK 180510 

Notes: 

1. Source: Tables 1 and 2 of "Report on the Census of production - 
summary tables 1972" of the Business Monitor Series (GSS, 1977) 

2. "Figures include payments for works given out to other firms and 
payments for transport". (GSS, 1977) 

3. Source: Cement Bakers' Federation. 

Exhibit 6.1: Calculation of Average Unit Iianufacturing Costs for 
U. Y. Cement Industry during 1972. 

of cement sold, CCS is calculated and used in defining the total cost, 

TCOST. TCOST is formulated as follows: 

R TCOST. KL = CCS. KI, -RR-TPDa. K+PDC. Kym"mP+RDER. KL+SAOH F7Gý. 6.9 
c mp = 0.65 
C SAOH = 0.7E6 

TCOST = Total Costs 
CCS = £'=I Cost of Cement Sold 
1ITPDC = CA"I New Unprofitable Diversified Cap. 
PDO RAI) Profitable Diversified Capacity 
BIF = 1) Proportion of Sales Allocated to the Manufacturing Costs 

for Diversification Sector. 
RDER = CA-T R&D Expenditures Rate 
SAOH = C, 4l Sales and Administrative Overheads 

In Eq. 6.9, the manufacturing costs attributed to the diversification 

sector are determined through a factor; The Proportion of sales revenue 
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allocated to the Manufacturing costs, TIF. HF is related to the profit- 

ability of the diversified industry, which, as mentioned in Chapter 4, 

is among the industrial characteristics we are concerned with. In 

Appendix 6. A the fact that P'-1? varies across the industries is demonstrated 

further, where Pf 4F is calculated for a number of different industries. In 

this model, we assume that the sales generated by the newly launched 

unprofitable diversification projects IINPDC, are enough to cover the 

manufacturing costs of the sold goods. However, if there was a particular 

diversification case where the foregoing sales are anticipated to cover 

more or even less than the manufacturing costs, the model could still be 

used but with some quite simple amendments to the equations with P1F such 

as Eq. 6.9 of the model. 

Sales and administrative overheads, SAO}I, are taken to remain 

constant. No real data could be found as for the size of SAOH. However, 

as mentioned in Chapter 3, SAOH is about 8-10; ": ) of the manufacturing cost 

and considering Exhibit 6.1, the companies market share, MS, and UKTh 

(Exhibit 5.2), SÄOII = 0.7*106 should be of a right magnitude, i. e. 

a116.6*1o6-'0.091, o. 615 0.7=106 
0 .7 -ý12 

6.3 Capital I cuenditures and Long-Term Borrowings Equations 

There are generally two sources for financing the capital projects; 

first, the internal sources which are the depreciation and the ploughed 

back profits, and second external sources that consist of long-term 

borrowing and the issue of new share capital. For the reasons given in 

Chapter 4, the issuing of the now shares is not considered in this model, 

and we concluded there, that the level of L-T borrowings represents the 

company's need of external funds at each stage of its diversification and 

expansion. 

0 
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6.3.1 Internal Finance Resources 

The financing of capital projects often involves careful planning, 

scheduling of the debts repayments, and estimates of cash to become 

available for some time in the future. The expected cash to become 

available is modelled as: 

A EICG. K = ARICG. K *DIt1T EQ. 6.10 
C BRIT 12 

EICG = (E) Expected Internal Cash Generation During This Decision 
Interval. 

ARICG ý (aji) Average Rate of Internal Cash Generation 
DINT ý (M) Strategic Decision Making Interval 

ARICG is the average rate of profits being retained and depreciations 

being charged. The period of consideration is one decision interval, 

DINT. ECG is then used to calculate the rate by which it is estimated 

possible to finance capital expenditures from internal resources during 

DINT: 

A FRIý. K = (CBLAITCE. 1 I"IINCL. K+IICG. K)/DINT E. 6.11 

FRIT = (c, 4) Feasible Rate of Financing Investment from Internal 
Resources 

CBLMTCE = (£) Cash Balance 
1"'IINCL = (E) Minimum Cash Level 

6.3.2 Capital Expenditures Financial Requirement 

In the previous chapter the completion stages of capital projects 

were discussed. These stages have a special financial significance to 

practicing managers since each stage bears a particular financial reauire- 

ment. Furthermore, the sort of financial expenditures needed at each 

stage are often related to the nature of each project and indeed across 

different businesses. For example, suppose a company's business is to 

build and run private hospitals. The three stages of commissioning a 

hospital that one might imagine would be; first, to do market survey, 
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deciding on the site, acquiring the planning permission, and all other 

preliminary work that goes with it, second, to build the buildings, and 

third, to furnish the buildings with all the necessary medical care and 

surgical equipment, etc. Clearly, each stage requires a different 

proportion of the total costs of the project, with the first stage 

perhaps requiring the least proportion and the third stage the most. 

These proportions should be different from the proportions required at 

each stage of commissioning a hotel, where the second stage may be the 

most expensive one. 

Tirthermore, the finance director in that company with several 

hospital projects in progress at different stages has to calculate what 

sort of capital expenditures he is going to have during the next six or 

twelve months. One way is to subtract the total progress of each project 

from their estimated total costs to get an idea of the financial commit- 

ments ahead. This is obviously wrong, since even if the estimated costs 

of projects happened to be correct, he has assumed that all the projects 

will finish during the concerned period. A more realistic approach would 

be to base the calculations on the average expenditures recently 

incurred for each stage. This is the method adopted here, and the 

relevant equation is: 

A EXAFR. K = (A_PSCCR. KJ-CPA+ASSCCR. K=<CPB+ 
X ACACR. K-`CPC) CCOST. K+(AlP'SDCR. K*DPA+ 
XA SSDX. K*DPB i-AR. ICCR. K*DPC)*DCOST 
C CPA = 0.20 
C CPB = 0.60 
C CPC = 0.20 
C DPA = 0.10 
C DPB = 0.40 
C DPC = 0.50 
C DCOST = 12 

MUM = cýt"1) Expansion Activities Financial Requirements 
APSCCR = (TPtM)t"1) Average of FSCCR 
CPA ' = 1) Cement, 1st Stage Rnenditures Factor 
ASSCCR = (1T/i"i)Cri) Average of SSCCR 
CPB = (1) Cement, 2nd Stage EPenditures Factor 
ACACR = ((TT , i), 4i) Average Cement Capacity Completion Rate 

D. 6.12 

0 
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CPC = (1) Cement, 3rd Stage Expenditures Factor 
CCOST = (E/(TT%r-1)) Cost of Capacity Installation (Cement) 
ArSDCR = ((x/: i)%TI) Average of FSPCR 
DPA = 1) Diversification, 1st'-Stage Expenditures Factor 
ASSDCR = Average of SSDCR 
DPB = 1) Diversification, 2nd Stage Expenditures Factor 
AP CCR = (a/. i)/i) Average P-N Capacity Completion Rate 
DPC = 1) Diversification, 3rd Stage Expenditures Factor 
DCOST = (C/(a/i)) Diversified Capacity Cost Factor. This implies 

that for each unit of diversified capacity to produce a 
unit of sales revenue/month, DCOST unit of investment is 
needed. This, of course, is related to the capital-output 
ratio of an industry. 

In this equation, the capital expenditures requirements are not calculated 

for the whole DINT period to avoid writing an even longer equation. CPA, 

CPB and CPC are the proportion of the total costs spent in the three 

stages of cement capacity projects. The distribution of the total cost 

of cement capacity over its completion time sounds reasonable as it is 

given in Eq. 6.12. Since the company itself does most of the designing 

and constructing jobs for the cement plants expansions and replacements 

all over the world, with only the construction of some machineries 

contracted to the outside firms, it should not be wrong to assume that 

the bulk of. e_xpenses are accrued in the middle. The rival factors; 

DPA, DFB and DPC are for the diversification industry and the effects of 

the shape of their distribution on the overall financial situation of the 

firm is subject to tests. 

Two important points remain in connection with Eq. 6.12. They are 

related to the calculations of the cost of cement capacity, CCOST, and 

that of diversification capacity cost, DCOST. As mentioned in Chapter 5, 

the cement capacity is measured by the capacity of the cement kiln. But 

to produce and distribute cement a number of other machines, lands and 

buildings, and transport vehicles, etc. are needed. Assuming a linear 

relationship between the kiln capacity and, all other factors, and knowing 

that the company re-evaluates its fixed assets on a replacement costs basis, 
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we can calculate the starting cost of cement capacity at 1972, SCCOST, 

by dividing the value of fixed assets over the average kiln capacity ; 

16 SCCOST = 
11400 

= 121,428 a/(TTAI) or simply; 12-: 104. This figure 

should be of a right magnitude since it gives a correct output/capital 

ratio as well when compared with the average given in Exhibit 6.2: 

Output/cap ital ratio 
_ 

12*cement price 12.9300 
r _ 0.93 

for one unit of capacity SCCOST 121,104 

Gross output 
1970 prices with Fixed Assets Output/ 

Cement Prices Index 1970 prices Capital 
Year (CPI) with RPI Ratio 

Cm Em 

1970 145.5 169.8 0.83 
1971 142.2 157.6 0.90 
1972 134.2 - 155.1 0.86 
1973 160.2 149.3 1.07 
1974 141.6 184.8 0.76 
1975 137.2 138.3 0.99 
1976 140.6 126.7 1.10 

Mean: 0.93 

Exhibit 6. 2: Company's Output/Capi tal Ratios 
(Source: APM. I Report and Accounts) 

SCCOST 12'"104 is then used to calculate the cost of cement capacity, 

CCOST, which is treated as a constant in here. However, to facilitate 

the later uses of the model, per'n ps with the introduction of inflation 

to the model, it is coded as: 

A CCOST. K = SCCOST ii. 6.13 
C SCCOST = 12E4 

CCOST = C/(TTJ. i) Cost of Capacity Installation (Cement) 
SCCOST = (/(TTI11)) Starting Capacity Cost (Cement) 

The cost of diversified capacity, DCOST, as it appeared in the 

equation Eq 6.12 is another point to mention. The rationale behind DCOST 

f 
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is again Output/Capital ratio concept. Every industry has a particular 

output/capital ratio, hence DCOST is an industry's characteristic factor. 

Since this ratio is calculated from the turnover of one year, to find 

DCOST in order to be used in this model where sales revenue is in 

£/month, it is sufficient to divide 12 by the ratio. This gives the 

dimensions of or, simply [NJ for DCOST, which is in agreement 

with the turnover of capital concept. In other words, DCOST is the number 

of months it takes an investment of LI in a specific industry to generate 

the same LI in sales revenue. The differences in MOST between two 

industries should bear different effects on the financial structure of a 

company wanting to diversify into either of them. But how important a 

factor DCOST is in making a decision to diversify into a specific industry 

is what we intend to find out. 

6.3.3 Ionx; -Term Borrowings 

After the estimates of PEE and EXAM the difference between the two, 

if any, must be borrowed. The equations for rate of L-T borrowing and 

repayments are as follows: 

R I, TBR. KL E. 6.14 

LTBR = (PM) Loner Term Borrowing Rate 

:3= ZAi -Expansion Activities Financial Requirements 
FH T=£, 44I Feasible Rate of Financing Investment from Internal 

Resources. 

R LTDPR. KL = I. IA. X(i:, DJ(TLTD. K/LTDD, (-CDISC. K-BOVRD. K)/PLAT), 0) 
C LTDD = 84 
CPL_AT= 3 

LTDPR = £41) Long-Term Debts Payment Rate 
TLTD =ü Total Long-Term Debts 
LTDD = ? -1 Tr-T Debts Repayment Delay 
CDISC =9 Cash Discrepancy 
130VRD =¬ Bank Overdraft 
PLAT =N Profits and Losses Statement Averaging Time 

EQ. 6.15 

I 
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Eq. 6.15 suggests that when there are sufficient funds available 

TLTD. K/LTDD of the loans are repaid. In justifying the above structure 

one might think of the firm as a system which inputted by borrowings and 

outputted by-repayments and in the long run - in a steady state - is 

actually like 'rolling-over' the loans. When the cash position is not so 

good, the amount repaid is whatever is available over and above MINCL and 

after the repayment of the short term debts, BOVHHi, which are usually more 

expensive to keep. Anyway, due to the importance of such decisions, the 

decided available amount is paid out but only over some times; PLAT, not 

altogether. LTDD = 84 is close to the average reported loans duration 

(APCM, 1972). 

6.4 Financial Resources Estimation and Allocation Equations 

In Chapter 2 the dynamic set-up of the corporate strategic planning 

process was discussed. Among the points made there was the fact that 

one of the outputs of this process is an estimation of unutilized financial 

resources or "investment gap" (Malmlow, 1973) with a realistic and achiev- 

able rate of growth. It was also said that the decisions and actions that 

follow such analysis are controlled by policies govezning the process as 

a whole. In this section we formulate the equations that calculate the 

different elements of the estimated investment gap and then formulate a 

control mechanism whereby these resources are allocated to the expansion 

and diversification activities. 

6.4.1 Estimating Capital genditunes 

In section 5.4.2 of the previous chapter, with the help of 

coefficients of completion (see Appendix 5. B), we estimated the amount of 

capacity which is going to be completed during iOR. And in section 6.3.2. 

of this chapter we talked about the s arc payments for capital prof ects 

and the proportions required at each stage. Assuming these will remain 
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the same during ]IOR, the estimate of the total capital expenditure over 

the sane period, FSPH, is given by: 

A FSPH. K = iI ((rSCC. K-'. C1* COST. x+SSCC. K° 2"- 
X CCOST. K-`(CPB+CPC)+TSCC. K C3' QCOST. K-nCPC+lpSDC. K 
X YD1-*DC0ST+SSDC. K-ýD2'-DCOST*(DPB+DPC)+TSDC. K'fD3� 
X DCOSTX<DPC), o) 
C Cl = 0.76 
C c2 = 0.90 
ccPB=o. 6o 
C CPC = 0.20 
C c3 = 0.98 
CD1=0.76 
C DCOST 12 
C D2 = 0.90 
CDPB=0.40 
C DPC = 0.50 
CD3=0.98 

rQ. 6.16 

FORI = (a) Forecast Spending from now to now+FrIOR 
FSCC = (TT/ii) First Stage Cement Capacity in Completion 
Cl = (1) Coefficient of Completion Corresponding to FSCC 
CCOST = (a2/(TT, -I)) Cost of Capacity Installation (Cement) 
SSCC = TT, i) 2nd Stage Cement Cap. in Completion 
C2 = 1) Coefficient of Completion Corresponding to S5CC 
CPB =1 Cement. 2nd Stage ; : penditures Factor 
CPC = 1) Cement. 3rd Stage bpenditures Factor 
TSCC = TT/4) 3rd Stage Cement Cap. in Completion 
C3 = 1) Coefficient of Completion Corresponding to TSCC 
FSDC = aýI) Ist Stage Diversified Cap. in Completion 
Dl = 1) Coefficient of Completion Corresponding to FSDC 
DCOST = £/(911-I)) Diversified Capacity Cost actor. This implies that 

for each unit of diversified capacity to produce a unit of 
sales revenue/month, DCOST unit of investment is needed. This, 
of course, is related to the capital-output ratio of an 
industry. 

SSDC = (E /M) 2nd Stage Diversified Cap. in Completion 
D2 =1 Coefficient of Completion Corresponding to SSDC 
DPB =1 Diversification, 2nd Stage Expenditures Factor 
DPC =1 Diversification, 3rd Stage Expenditures Factor 
TSDC = a'k1) 3rd Stage Diversified Cap. in Completion 
D3 = 1) Coefficient of Completion Corresponding to TSDC 

Eq. 6.16 is written by following the completion of capacity available at 

each stage at time 'now'. For example, if there is SSCC units of cement 

capacity at the second stage of completion, C2 proportion of it is expected 

to leave the second and third stages during HIOR, therefore CCOST. K-, (CPB 

CPC) have to be spent on each unit, and so on. 
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6.4.2 Estimates of External and Internal Funds 

The external funds to become available during IOR are dependant on 

the kind of capital structure -" defined by the gearing ratio - that the 

management thinks is both acceptable to the capital market, yet the 

company does not lose the opportunity to borrow. Though it is often not 

easy to define such a structure properly, a combination of experience 

and skill should set a close enough structure. It too depends on the 

equity situation at PHOR, ihich is the equity at present plus the estimate 

of retainable profits. To calculate the latter, we first formulate the 

estimated rate of retainable profit at F1IOR, FRPRII, as follows: 

A PRPI I. K = ((CPRI E. K-IUCOST. I. ý ((17TD. K' ýTS)fUKTR)'c11EýI%ICD. K+ D'). 6.17 
X (AI IDCP. Y^FHOR+(PDC. IL-FJCS. K) .. (1-P'! ))*(ARRPRT. K/AGPRL. I: ) 

CISIS=0.615 
CUKTR=0.70 
C H0R = 4s 
C H-IF = 0.65 
k TRH = EA') Forecast Rate of Retainable Profit at FtIOR 
CPR OE = w/TT Cement Prices 
HTCOST = -P/TI' Forecast Unit Cost at 1HOR (Cement) 
11D = TT/r) Forecast Total Industry Demand (U. K. ) 
MS =1 Group Is Market Share in the U. Y. 
UKTR =1 Group's U. K. Operation to the Total Activities Ratio 
AEIIICD =1 Average Dror Factor in iieeting Cement Demand. 
AFCi1DCP = (cýil)4I) Average Rate of New Diversified Capacity, 

becoming profitable. 
IIOR = (n) Forecasting Horizon 
PDC = °'-I) Profitable Diversified Capacity 
FDCS = 

(C, 
I) cpected Diversified Capacity. to be Scrapped over HOR 

H. IF = (1) Proportion of Sales Allocated to the Manufacturing Costs 
for Diversification Sector. 

ARRPRT = Ei'I Average Rate of Retained Profit 
AGPRL = 

(c, 
41 Average Gross Profit Level 

The first assumption built in Eq. 6.17 is that the relationship 

bet-teen the average rate of retaining profit, ARRPRT, and the average 

gross profit level, AGPRL, will remain the same. This is, of course, the 

rather common forecasting assumption, but, less severe in this model since 

tax rate and dividends are assumed constant in real terms. The rest of 
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the equation is the estimate of gross profit at FiIOit, and again, the 

forecasting assumption with a forecasting error term, ! M, for the 

cement sector. Since diversification capacity consists of an unprofitable 

part, but during FROR some of this part becomes profitable, there had to 

be an estimate of the amount of capacity to become profitable. This is 

done by term AI TDCP. K-*PFIOR. 

Forecast equity, F)I TY, at FiOR is then modelled as: 

AFY ITY .K= Ec. I TY. K+((ARRPRT. K-t RPRH .K 
)/2) RIOR . 

6.18 
0 J1IOR = 48 

FF2ITY =w Forecast Equity at FUÖR 
Ir-ITX = (C) Equity Capital 
ABEPRT = (C41) Average Rate of Retained Profit 
iii PI-i = Forecast Rate of Retainable Profit at FHOR 
FHOR = (M) Forecasting Horizon 

. 

The assunption in this equation is the linear extrapolation of ARRPRT 

into the future as graphically shown in Exhibit 6.3. Again, this is not 

an uncommon assumption made mainly because there are often not sufficient 

reasons to suggest how the way will be from A to B However, the 

variations around line ALB should be small and chances are that they cancel 

out oneanother. 

wýn 

-, 
-ý 

Months 

Exhibit 6.3: Linear Extrapolation of APR'' 

x Referring to "The Principle of Insufficient Reason". 
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The expression; ((. nRPRT. K+FRPRH. K)/2) . FHOR is the total expected 

retainable profits and of course is the equivalent of the area ABCt. 

Having calculated I}`, ITY, the maximum IT debts that are acceptable 

to the capital market and the management at THOR is found by: 

AI TDF. K = QJTY. K*AGM E). 6.19 
C AGFH = 0.6 

1,91TDP = c' Maximum Long-Term Debts at FHOR 
P ITY = ä) Forecast Equity at WOR 
AGMH = l) Acceptable gearing ratio at FUOR 

The choice of AGIH is with the management. 1"1hile, in general, most 

financial management books seem to suggest'a gearing ratio of 0.5, there 

are found financiers quite happy to lend money to growing and prosperous 

firms with much higher gearings. 

The cstimate of the rate of internal cash generation at THOR is done 

in quite the same way as in Eq. 6.17: 

A EIC 1I. X = ((cPBIcE. x-ucosT. K)*((FID. K: 1ýýs)/kmTa) : ice 7cn. K+ D-ß. 6.20 
X (LMTDCP. K 1, HOR+(PPC. K-E1DCS. K))-(1--liiP))"(jM- CG. K/AGPRL. K) 
C ms = 0.615 
C UKTR = 0.70' 
C IHOR = 48 
c IP 0.65 

EICGH = d/d) I cpected Internal Cash Generation Rate at FROR 
CPRI D : /PT) Cement Prices 
FUCOST = £/21 Forecast Unit Cost at FROR (Cement) 
FSD = TT/M) Forecast Total Industry Demand (U. K. ) 
ilIS =1 Group's i? arket Share in the U. K. 
UKTR. =1 Group's U. K. Operation to the Total Activities Ratio 
AEM-MD =1 Average ! rrror Factor in fleeting Cement Demand 
ARITDCP = (ä%I1)/2) Average Rate of New Diversified Capacity 

becoming Profitable. 
FIHOR = Fl) Forecasting Horizon 
PDC = a''1) Profitable diversified Capacity 
EDCS = £/) Thcpected Diversified Capacity to be Scrapped over 

THOR 
RIP = (1) Proportion of Sales Allocated to the Manufacturing 

Costs for Diversification Sector 
ARICG = ^ý1 Average Rate of Internal Cash Generation 
AGPRL = J/. i Average Gross Profit Level. 
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Having the foregoing factors, we can estimate the total funds that 

could be made available during THOR. This is the factor whereby the 

ability of a firm to finance capital projects is measured: 

A EPRFR. K = (FXLTDr. K-TLTD. K)+((ARICG. KaECGFIi. 1 )/2) WOR 
0 FIOR = 48 

EFRFR = (C) Expected . nancial Resources Available over THOR 
I1XLTDF = (L) ? faximun Long--Term Debts at IOR 
TLTD = E) Total Long-Term Debts 
ARIOG = £'I) Average Rate of Internal Cash Generation 
EICGiH = a4I) Expected Internal Cash Generation Rate at FHOR 
THOR = (ICI) Forecasting Horizon 

Fl_. 6.21_ 

The expression'in the first set of brackets calculates the extra L-T 

borrowings possible assuming that the worse happened during FIOR and the 

company rolls-over debts as mentioned in Section 6.3.3. The rest of this 

equation follows the same rationale as of Eq. 6.18 and shown in 

Exhibit 6,3 

6.4.3 Forecast investment Gap 

After defining FSPH and EFRFR all that remains, by definition, is to 

write: 

A MIVG. Y = ItA (0, (ý'FR 
.. K-FSPIi. K)ý F. 6.22 

FI111VG = (f, Forecast Investment Gan 
EPRFiý _ (c) Expected Financial Resources Available over FROR 
FSii = (c) Forecast Spending from now to now + RIOR 

The use of function iIAX is a provision since FINTIG could well become 

negative. 

The foregoing procedure employed in formulating FLIVG and its 

component factors should give a -reasonable estimate of the firm's potential 

ability to finance new capital projects. The inherent assumptions that are 

made in calculating these estimates are clear and simplifying, One, 

f 
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however, might have gone on formulating more complex methods of estimation 

hoping to make more accurate estimates. These were not adopted here on the 

grounds that their formulation could not have been justified against this 

model's purpose. As we shall see in the analysis of the model, the 

estimation errors are not generally significant factors. 

6.4.4 Resource Allocation Control Equations 

After computing WIPING as a measure of the firm's potential ability 

to finance new projects, it has to be decided what proportions of it 

should be'allocated to the cement and diversification investment projects. 

The basis of these decisions are; first, the diversification objectives 

of the firm - as a desired state of each sector's contribution to the 

total sales revenue that management regards as appropriate, and second, 

the profitability of each business as management's preferences to each. 

sector. 

But what eventually influences the final decisions. is the manage- 

menus relative reaction to the situation encountered, as decision rules 

or policies, regarding these decision bases. For diversification the 

relevant equations are: 

A DLR. K = CSRAT. K/DD. K Bo, 6,23 

DER =1 Diversity Error Ratio 
CSRAT =1 Cement Sales to Total Sales Ratio (SR)' 
DD =1 Desired Diversity 

A DM. PK = TAEPS, (i1IT, DM . K, 0,2,0.2) in, 6.24 
T 114T = 0.25/0.30%. 35/0.40%. 45/a. 50%. 55/0.60 
x 0.65/0.70/0.75 

III = (1) Diversification Multiplier 
IT-IT (1 Diversification Multiplier Table 
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CSRAT is the actual firm's diversity position and DD is what the manage- 

ment think the position should be. DD may be formulated to reflect 

different managerial views and philosophies towards diversification. In 

the Base Case runs of this model, DD is assumed constant to model the 

case where management has decided to transform a largely single-business 

company to a highly diversified one as soon as possible. Whatever DD is 

at any time, equation Bo. 6.23 computes the severity of the actual 

diversity in relation to the desired one, and Equation Eq. 6.24 transfers 

this through a management policy by defining the multiplier Jil. This 

policy is graphically shown in Exhibit 6.4(a). The shape of MT thDn 

reflects the management's reaction to the situation defined by DER. 

i. 

0.7 

o. 

0.2 

(a) 

Im 
1.0 

0.75 

0.5- 

0.25 

2.0 
DE R 

010 1.0 2.0 
SRR 

(b) 

Exhibit 6.4 The Control Necnanisn's Policy Nultipliers 
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For now, it is a rather rational reaction saying, in effect, if the firm 

is not diversified as is desired, more resources should be allocated to 

diversification projects, and vice-versa. The same applies to the 

profitability decision base. The equations are: 

A PIýi .K= 
(1-HIP)/((CPBICE. K UCOST. K)/cPRICL. K) EQ. 6.25 

C HIP = 0.65 

MR = (1 Profit Margins Ratio 
Blip = (1 Proportion of Sales Allocated to the Manufacturing 

costs for diversification sector 
CPRICE = (f/TT Cement Prices 
UCOST = (f/TT) Manufacturing Cost per Unit of Cement 

AP i'I. K = TAI-IL(HN%NT, SP1"m. K, O, 2,0.2) E7.6.26 
T WMT = 0.25/0.30/0.35/0.40/0.45/0.50/0.55/0.60 
x 0.65/0.70/0.75 

EIBI = (1 Profit margins 2, Iultiplier 
RUIT 1 Profit Margins Multiplier Table 
MIR = (1 Smoothed Profit Margins Ratio 

and the graphical representation of the pertaining policy is shown in 

Exhibit 6.4 (b). Note that a smoothed version of H"ll appears in 

Eq. 6.26 (STIR). This is to reflect the kind of overall profitability of 

each sector that is usually considered in practice. Furthermore, 

Eq. 6.25 maps a hyperbola which suggests sharp changesaround its 

assymptotes. Smoothing Ra, should make this happen less frequently. 

However, these multipliers, in turn, define two. others as follows: 

A C_R11Ii. K (1-IIý. K) (1-FüI. K) Fßä. 6.27 

CRAIII =1 Resource Allocation to Cement Sector Iultiplier 
]I11: =1 Diversification Multiplier 
1111 =1 Profit 1 Bargins Eultiplier 

A DRAM. K = IH. K*H "S. K Eq. 6.28 

DMIll ý (1) Resource Allocation to Div. Sector TIultiplier 
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The reasons for the way these terms are introduced to the above equations 

are inferred from Schibit 6.4. 

Since these terms are dimensionless fractions, the sum of their 

products; CRAM + DR! N is not one. Thus we should 'scale-up" these 

multipliers keeping the same proportion. This is done by: 

A PEtAP"I. K = DRAT . Ký(CRýIVI. K+DR ýti. K+1E-. 6) Eý. 6.29 

ri QII = (1) Financial Resources Allocation Multiplier 
DRIM =1 Resource Allocation to Div. Sector Multiplier 
CRAM = 

(1) 
Resource Allocation to Cement Sector Multiplier 

which is used for splitting r'DTVG as follows: 

A ARC. K = FITIVG. K*(l_J AN. K) Fla. 6.30 

ARC =( ') Allocatable Resources to Cement Investment 
FIIVG = (f) Forecast Investment Gap 
FRAi"2 = (1} Financial Resources Allocation Multiplier 

A ARD. K = FIIIVG. K-, FRA1-i. K E4ý. 6.31 

ARD =8 Allocatable Resources to Div. Investment 
FIN1JG = E) Forecast Investment Gap 

This concludes the formulation of the control mechanism that will serve as 

the basis for designing the control policies. That is to determine the 

shape of the graphs in Exhibit 6.4. However, in calculating F RIM we 

multiplied some factors in equations Ea. 6.27 and Do. 6.28 above. These 

factors map a three-dimensional entity which is not so easy to analyze. 

In order to have an idea of its shape and make sure that the whole control 

mechanism is reasonable and does what it is supposed to do, a small 

program is written separately containing the foregoing equations. The 

results of running this program for various levels of DER are compared and 

shown in Exhibit 6.5. As seen, overall the formulated mechanism is 

reasonable, for 
..,, 

h--n DER is larger, 
i. e. , when th& company is not ac 

uua'y' ll 
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Exhibit 6.5: FRAM Values for Different Levels of Dpi and SP MR 

diversified enough comparing to what is desired, r ß'1N is larger which 

means considering equations Eq. 6.30 and Ea. 6.31, more and more resources 

are allocated to diversification. The same is true for SPAR where, for 

each value of DR, the higher SHiR, the higher is rr si. 

Thus the foregoing control mechanism is formulated correctly. The 

little curvature shown in these graphs is due to the linear shapes of 11T 

and H"TPMT which allow us to proceed with the experimental runs in attempting 

to answer the first three general questions set forth in the statement of 

this models purpose and then direct our attention to designing more 

appropriate policies. 
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6.5 Other Parameters and Initial Conditions 

As mentioned earlier, not all the equations in the model needed 

necessarily to be described in the text, but, there are some parameters 

and initial conditions used in these equations that deserve brief 

explanations about the origin of their value assimmments. This is the 

present section's task. 

6.5.1 Initial Conditions 

All initial conditions of level equations for which there was found 

a meaningful counterpart in the Balance Sheet statement presented in the 

Group's Report and Accounts, were assigned values similar to that of the 

closing balances in 1971. For others, calculations are made based on the 

model equations themselves. For example, stocks values were calculated 

on the basis of the inventories of inprocess and. finished cements, CIP 

and CLST in the model. The initial condition values for CIP and CLST are 

assigned in accordance with the way dynamic equations of the cement 

inventory and production sector are written. 

6.5.2 Time Parameters 

These are the average time periods used in formulating the first 

order information delay equations. Three of these are more important; 

CDDEL, ABPT, and APLD, where: 

CDDL = 2.5 (M) Average Debts Collection time period 

ABPT = 2.5 (H) Average Bills Payment time period 

APLD = 180 (M) Average Plant Life for Financial Depreciation 

The first approximation of CDD ,=2.5 I"I is the calculation of the 

actual collection periods as given in Exhibit 6.6. The other side of it 

is, however, related to the choice of DT. In order to save computer 

simulation time, and at the sane time, have a reasonably accurate simulation, 

I 
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Collection Period 
Year (days) 

1972 70 
1973 70 
1974 86 
1975 75 
1976 43 
1977 82 

MEAN = 71 Days 

'brhibit 6.6: Actual Collection Period (Source: Report and Accounts) 

DT a 0.25 (11) was chosen which is the maximum in relation with CDDEI and 

considerations of simulation accuracy (Coyle, 1977, A). The same argument 

is applied to the choice of AB T, where no real-evidence was found for 

its actual size in the accounts. 

The company has periodically revalued its fixed assets based on the 

replacement costs for some twenty years (for its assets outside the U. K. ) 

and started doing so for its U. K. assets since 1974 (APCIII, 1973). The 

period of revaluation is five years and inflation indices are used for the 

intervening years. These revaluations, of course, affect the amounts of 

depreciation charges, and a series of equations could be written to handle 

these charges rather accurately (Coyle, B). The difficulty, however, is 

the change in policy in 1974 regarding revaluation of assets in the U. K. 

While it is not impossible to write. even more equations followed by several 

guesses to take care of this change, it was felt unnecessary, given the 

model's purposes, to introduce these extra burdens into the model. 

Instead, a simple first order delay equation was used with much reduced 

APLD. The calculations in Exhibit 6.7 were used as a point of reference 

for the magnitude of APLD. It is apparent from Exhibit 6.7 that APLD of 

any length between 13 to 16 years should give rather close simulated 

depreciation charges. However, since the period in question was 

accompanied by exceptionally high inflation rates, a 15 year APLD seems to 
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(a) (b) (c) (d) 
Actual Actual 
Fixed Depreciation b/a 
Asset Charges Ratio 12/C 

Onn) 02m) '(K 

1972 184.6 12.7 C. o68 176 
1973 191.2 14.6 0.076 157 
1974 273.6 17.3 0.063 190 
1975 254.6 20.8 0.081 148 
1976 272.4 24.3 0.089 135 

mean 161 

Exhibit 6.7: Average Plant Life Used for Pinancial Dopreciation 
(Source t1POM) 

be more reasonable. 

6.5.3 Tax, Dividends and Interests 

The parameters to calculate the payments of taxes and dividends are 

defined in the model as follows: 

TAXR = 0.45, Tax ? late, proportion of taxable profits, 

DIVPF = 0.36, Dividend policy factor, proportion of after-tax profits. 

The basis of the value of these parameters is given in hibit 6.8 

Tax/profits Ordinary Div. / 
before tax Profits after tax 

Year Ratio Ratio 

1972 0.33 0.38 
1973 0.43 0.32 
1974 0.51 0.52 
1975 0.55 0.35 
1976 0.45 0.27 

means 0.45.4 0.36.8 
Exhibit 6.8: Taxes and Dividends Ratios (Source: APC Rep., and ACC. 

There are provisions for two types of borrowing in the nodel wit h two 

different interest rates as follows: 

f 
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12: R = 0-0051M, or 6; % per annum, long-term debts interest rate 

CEIR = 0.009/k, or 8.41/; per annum, bank credit interest rate 

While there is not any real evidence of the actual rates of interest given 

in the Accounts, the adopted average values sound plausible. 

6.6 Performance Indicators 

There are a number of performance indicators formulated in the model 

for two general purposes: 

-- For analysing the behaviour of the model in each simulation run 
and comparing the different simulation runs, in part, through 
these indicators. 

- For ease of reference to the decision points in tracking down 
the simulated output for each run. 

Among the indicators in the first group above are some general ratios such 

as cement sales to total sales ratio, CSR. 'LT, return on investment, ROI, and 

measures of fluctuations in variables. For example, the fluctuations in 

the gross profits, PROFIT, is compared against a defined five-years 

moving average (MA) with the provisions made for the time shifts caused by 

MA (Sharp, 1978. These fluctuations are then squared and summed to the 

end of the simulation run SSVGP. The improvement in the stability of 

PROFIT in each run is more readily noted by studying SSTTGP throughout and 

at the end of each simulation run. 

The analysis of large-scale models such as the present one could 

become a rather time consuming task. The idea is to use the available 

facilities to carry out or ease off this task as much as possible. This 

is the rationale behind the second group of indicators mentioned above. 

For example, in an equation like Ea. 5.8 where there are several decision 

points and reasons for PAIL (Practical Amount of Investment in Cement) not 

to be equal to DICDI, a simpler equation can be written as follows: 
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A CUIT. K = CLIP(O, TIP, ARC. K/CCOST. K, DICDI. K) Em. 6.32 
C TIP = 999999 

CULT (1) Cement Under-Investment Trouble 
TIF = (1) Trouble Indicator Factor -A Dummy Factor for ease. of 

Reference and Analysis of Trouble Spots. 
ARC = N) Allocatable Resources on Cement Investment 
CCOST = aXTTtN)) Cost of Capacity Installation (Cement) 

DICDI = (TPA"T) Desired Investment on Cement during the Current 
Decision Interval 

By printing CGIT, preferably with other similar ones in one of the 

columns, it is easier to see that happens at once following the printed. 

values of CULT. If it is zero at a particular time, then there has been 

enough financial support for the investment, and when othervise, the 

printed value is 999999. Similar equations are written for other cases. 

6.7 Surnrt y 

This chapter examined some of the financial' equations and their 

associate parameters and initial conditions together with the inherent 

assumptions built into them. 1"1hilst there are very complicated financial 

considerations in any corporate decision making, and parallel to these 

there are abundant degrees of complex equations that could be written, 

most of the equations explained were found simple and straight forward. 

The values for parameters and initial conditions assigned directly from 

the Report and Accounts, in as much as data and information were disclosed. 

In other cases the values were estimated after due logical considerations. 

In all, the assigned values were found plausible. 

In so far as the assumptions are concerned, these too were found 

reasonable, and in most cases made a considerable contribution to writing 

simpler equations. However, simplicity is a relative term and the real 

challenge for the modeller is to find the right combination of plausible 

assumptions and communicatable equations that serve the model purpose well. 

This is, one hopes, what the foregoing chapter has demonstrated. 
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PART THRE: Simulation Results, Analyses and Conclusions 

This part of the thesis is devoted to the examination of issues 

discussed in Part One, through. analyzing the model whose formulation was 

described in Part Two. It consists of four chapters: the first three 

chapters are primarily organized in accordance with the model's purposes. 

Chapter Seven addresses the nature of diversification effectiveness. 

Chapter Eight examines the importance of diversification decision factors, 

and in Chapter Nine the formulation of APCM's diversification strategy and 

control policies are discussed. In these three chapters we try to present 

the results of a rather intensive analysis of the model in the least 

amount of space and the most clarity possible. The common themes through- 

out are: I) The changes in effectiveness over time, II) The situational 

relationships of these changes, ' and, III) \"lnat can be done to control the 

diversifying firm's performance given I) and II). It is shown that the 

controlled performance would be achieved if: a) the formulation of the 

strategy and control policies were also based on the understanding of the 

current and evolving behavioural characteristics of the system, b) the 

formulation of strategy also recognized the need to choose suitable 

diversification targets and suitable industries whose behavioural 

characteristics 'match' with the system's. In these chapters we also try 

to find solutions to these issues, thus, we shall find out how complicated 

the diversification decisions might turn out to be, and how, through 

analyses in Sp context, the solutions may be achieved. 

Finally, in the last chapter, we discuss the conclusions, implications 

and future works. 

I 
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Chapter Seven 

DIVERSIFICATION EF CTIV NESS 

7.1 Introduction 

Me whole theme of diversification effectiveness is the inherent 

subject of this part where the model, and simulation results thereof, are 

analyzed. This chapter addresses this question through comparisons of the 

simulation runs. In order to make the comparisons, we first simulate the 

model for the cement side alone with three different future cement demand 

scenarios. In presenting the results, the relevant graphs are included, 

and if felt necessary, the analyses are made in more detail. The 

conclusions are listed after each set öf simulation runs. 

The runs to be presented are. considered 'Base Case' runs. Through 

these we try to measure the effects of diversification on the firm's 

performance and, in general, the situational nature of diversification 

effectiveness. In order to demonstrate these points further, we consider 

a hypothetical case as well. Finally, based on these basic simulation 

runs and other criteria, we address this model's validation. 

7.2 Non-Diversified Firm Performance 

The Blue Circle company is a largely single product manufacturing 

firm. This is especially true for its history up to 1976. This section 

analyzes the simulation results for the firm if it had remained purely in 

the Portland Cement manufacturing business. The simulation run starts from 

the beginning of 1972 and the simulated Portland Cement DEýASND for the 

first five years represents the reported actual demand fairly closely. 

But from then onwards, three scenarios are simulated based on three 

different assumptions about the future of cement demand. First, the 

constant scenario, that is, if the Base Demand Level (BI. ' V) remains 

- 
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constant at about 1976ts levels. Second, the growth scenario, that is, 

if BLEV increases 3% a year on 1976's levels. Third, the decline scenario, 

that is if BLEV decreases 30/6, per annum. The following sub-sections are 

devoted to analysis of these simulated scenarios. 

7.2.1 The Constant Scenario 

This is considered a 'surprise-free' future scenario. The simulation 

results for a non-diversified cement firm are shown in Exhibit 7.1, where 

a number of more important and typical variables are plotted. The 

characteristic features of the U. K. cement industry such as cyclic and 

seasonal demand pattern, overcapacity and generally stagnant performance - 

as were described in Chapter 3- are represented in these graphs . In 

part (a) of Exhibit 7.1 the high cement DN ND of 1973 and the continuous 

drop thereafter, coincide with huge overcapacity which is almost 

perpetual. As will be emphasised later, this is not due to the errors in 

planning and forecasting functions but actually relates to the very nature 

of the capital goods formation of such traditional industries. Industries 

like cement, steel and shipbuilding utilize expensive installations that 

take a long time to construct and are used for a great many years. This 

limits their manoeuvrability not only across the business cycles but even 

through changes in economic trends. Within the boundaries of this model, 

it seems that these kinds of industries will continue to face surplus of 

capacity for a number of years to come. This would not bother them much 

if they enjoyed healthy margins and limited competition within the U. K. 

markets and were not exposed to the overseas competition - which is the 

case in the U. K. cement industry. 

The large scales chosen for these. graphs are as a matter of necessity 
to have a unique set of scales for a large number of simulation runs. 

- 140 



3000 ý 3000 

2000.2500 
III I 
, II 

1000 ' 2000.1 
IýýI 

I 
0J 15001 

I. 1! 
1 

-1000 i 1000 

III 

-20001 500 

. 11 

ý ýý\rýýý1 /'ý 
ý; ý ý : ý\ / 

'\1\ IA_ 
_ 

ýý 
ý_ 

-3000 J0J1 
O. D °. D. 

I. II; L 
iI DEMAND 1'-=5KOCR 

CPR 
ý--"-"-= CL-ST 

20 60. 700. 100 

17. 
501. 

600. 
90 

80 
151 500 

J 
. 

70 

.ý 12 
40 

( 400 
J 

0 6 

lo 
d 

30J 300. ] SO I 

7.51 
201 

200 40 

30 
SV 100. 

I 

10 
20 

2.1 0` 
10 -r 

01 0.1 -100J 0 

X10 
6X 10 6 M 106 

I C00 
' TOC 

CRIP 

EXAA% 

(n) MONTHS, SIMULATION TIME 

(TT/HI CECENT DEk AV1, POUP) 
(TT/U) INTEORSTEO KILN CURC[TY ICEIENTJ 
(TT/HJ CErENT GERG'JNP. L CErP.. S COROUPJ 
(TT/ft) CLINKER PROOjCTIJN RATE (CEMENT) 
(IT) CLINKER GTOCtG 

(a) 

4o. 

40. 

I 

Exhibit 7.1. CONSTRNT BRSIC CEMENT DEMRND 
(Cont'd) MODELLING CEMENT-NON-DIVERSIFICRTION DYNRMICS 

-141- 

(M) MONTHS, S[tULRTION TIME 

([/n) CUPR EMT DIVE°SIFIEO 7ECRN (NON-CErEEMT) 
(t/HJ TOTAL DIYEg6IFIEO CRPP. C[TY ) 

ITT/Ml CF. PP.. (TY IN PP]C ESS (CEnE"(T ) 
((/ill Lý: ýL S(F! E Lt1-. ':: l'ý IN 

(t/h) EXPRN51ON RCTIYITIES FINANCIAL REQUC ErENTS 



800... 400 400 zooo 

700 J 350 .j 
350 .j 17sc 

` 
300 

6009 300 
'I 

tsco 
250 J1 

fI .i I 
-f 

f 
500 250 

LI 
200 12504 

400.; 200.1 150 toot 
I 

fJl 
I ý1 

300.150 

I 
100.1 

750 

SO 
ýI 

ýJý 
.. -------------------- 

200.1 100 ;1 500 
............................................. I 0ý 

oý of -ioojI °G 
II 106 °'o 20. 

X10 
6 X10 6 X10 6 

ýI FIXR I -. TSRTY 
NCFS 
Cul-ANCE 

ý- - TLT0 

70 200 loo 

so 17s. ý so 

I eo 
50 41 150 

70 

40 
Lq 

1251 
ll 

so 

30. sý 1001 50 

40 
20, 75 

----- 
30 

II 

10 . i; 50 aý 
20 

40.60.80.100.120.140. 

(h) MONTHS, SIhULRTION TIME 

(t) FIXED A$ E*G 
it) TOTAL SRLES pEVENJE ? NIS YERR 
(4) NET CUPP. ENT AGSETG 
(t) CASH ERLANGE 
(t) TOTAL LONG-TERfI OESTG 
U) FORECRGT INYESTI1ENT G9? 

(0) 

-I 
o. 220. °; o. 

25-1 
10 

-IO. 
J üJ o 

o. 0 20. 
*106 X 10ý ýI lL 

CSP%nT 
__Do 

OI 
RPRTY ; `- 

-- -- PROFI T 
.............. RTFRT 

(1) CErENT SALES TO TOTAL SALES P, P. TIO(GB) 
(1) DECIREO DIVERSITY 
(1) RETURN ON INYEGTt1ENT (x) 
(E) TOTAL TRXA LE PROFITS THIS YER 
WM) PP, OFITS (G? OSS) 
([/h) PFTEP, -TPX PP, OFITS 

(ci) 

Exhibit 7.1. CONSTANT BASIC CEMENT DEMAND 
MODELLING CEMENT-NON-DIVERSIFICATION DYNAMICS 

40. 

- 142 - 

(M) MONTHS. SIMULATION TIME 



In Exhibit 7.1 (c) a large accumulation of liquid assets is evident 

from the graphs for NCAS and CBLA! ICE. As mentioned in Chapter 3, in Blue 

Circle's Reports and Accounts there is a separate asset item called 

"Trade and other investments" which consists of government bonds, 

deposits, secured and unsecured loans etc. (APCM, 1972-76). This account 

is not modelled separately but considered as part of liquid assets. The 

reported sum of working capital and the foregoing item shows the same 

behaviour as represented by NCAS. FINVG shows the growing loss of 

opportunity to invest on manufacturing projects and total sales revenue 

(TSRTY) settles around £120 m marks*. 

In Exhibit 7.1 (d) the overall stagnant performance of the firm is 

evident. ROI drops from its height in 1973 of 12.3% to settle around 

7-8%. But total taxable profits, TPRTY, slightly increases after a long 

time. This is due to the R&D on energy efficiencies which slightly 

reduces the manufacturing costs per unit. 

7.2.2 Growth Scenario 

The results of simulating the growth scenario for non-diversified 

cement company are shown in Exhibit 7.2. In general the same conclusions 

are reached, though slight improvement in performance is evident. The 

extra investment activities shown in part (a) of these graphs slightly 

drain away the liquid assets. The loss of investment opportunities is 

even greater, especially towards the end of the simulation run. The 

table below summarizes the percentage increase in the value of a few 

variables in-this run over the corresponding values from the constant 

scenario at different points in simulation UZE: 

* As seen, the simulation LENGTH is 20 years. This is a sufficient time 
for most of the runs where most of the variables either settle to a 
particular mode or the change of mode it not likely. However, when a 
change is suspected to happen, the model is run for a longer LEh1G1{. 
This saves a lot of computer time. 
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Simulation 
Time 96 168 192 216 

Variable 

DEMMID 8% 3294 40% 48% 
IKCA 1.0% 28% 36% 41% 
TPRTY 11% 37/ 54% 55% 
Rol logo 289/o 39% 37%c 

while DEMAND increased linearly, as expected, IKCA responds very slowly at 

the beginning but is regulated later. This is, of course, due to delays 

in the system and the fact that there was still spare capacity when demand 

started to rise. However, the interesting impacts are on profit figures. 
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An amplification in TPRTY is due to the increased R&D activities but is 

reduced towards the end because of the lost cement sales. The slow-down 

TPRTY growth causes a small drop in R0I as well towards the end of the 

simulation run. However, the earlier periods of rapid growth in ROL are 

associated with periods of higher capacity utilization. 

7.2.3 The Decline Scenario 

The results of this run are shown in Exhibit 7.3 (parts (b) and (c) 

are dropped because no investment was recorded. in this run). Again the 

points made earlier are confirmed by this run. A much lower level of 

performance of a "running down" mode is evident. Although no new invest- 

ment in cement is observed and a lot of capacity was scrapped, due to long 

system delays, the firm could not overcome the overcapacity problem. Thus 

demand dropped faster than capacity was worn out which resulted in very low 

ROI figures. 

7.2.4 Concluding Remarks 

The salient conclusions from these runs are: 

-A largely single business firm in established traditional capital 

intensive industries is far too much exposed to the demand situation. In 

the case of Blue Circle, the adverse effects of demand cannot be practically 

offset by attempts to gain a market share, without destroying the present 

advantageous industry structure. 

- Because of the usually long capacity construction delay and useful 

life of capacity, the firms in these sorts of industries cannot respond 

quickly to the underlying changes in demand pattern. 

- If the business happened to be a profitable one, large sums of money 

are accumulated - especially when there is dividend restriction. 

- As a result, for the cement firm and in all three senarioe, there 

f 
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were under-deployments of financial resources, the degree of which varied 

with the scenario. Because of the existing overcapacity, profitability, 

and structure of the cement industry, small improvements in the future 

cement demand trend would actually result in slightly more under-deployment 

of resources in the long run. 

- The above conclusions together with the ROI analysis give a 

valuable insight about the 'timing' of the diversification move, Regarding 

all three scenarios, an earlier diversification of the cement company seems 

more appropriate. 

- Overall, the simulation results reflect the historic and expected 

performance of the company in question. 
i 

7.3 Diversified Firm Performance 

This section addresses the first purpose of this model; that of 

diversification effectiveness in general. The same model is simulated but 

this time with the diversification sectors 'switched on'. The parameters 

for the diversification sector of the model are deliberately chosen to be 

very close to those of the cement to mark the traditional view of 

diversifying into related businesses, on one hand, and to avoid gross 

exaggerations of the results on the other. The exception to this is the 

growth rate (GR) of the diversification demand which is 15iö per annum. 

The following simulation runs are all with a 'constant' Desired Diversity 

(DD) which is the case of firms wanting to diversify to a certain (constant 

target) level of diversity. 

7.3.1 Constant Scenario and Constant Diversity 

The simulation results of this run are shown in r'brhibit 7.4. This run 

is contrasted with the run of ]chibit 7.1. The capital investment and 

other particulars of the ceycnt side arc unaffected; so the relevant 

graph - part (a) in the earlier Exhibits - is dropped. However, by a simple 

f 
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comparison, the effects of diversification on all other measures can be 

observed. In part (b), because the capacity construction delay 

magnitudes are equal, and close periodic characteristics of the demands 

for both sectors are simulated, the peaks of the in-progress capacities, 

CAIP and PMCIP, almost coincide. This causes wild variations in capital 

investment requirements; DrIFR, especially before flICIP becomes smoother 

towards the end of simulation run. (This change in HICIP behaviour ma&s 

the change in the dominance of the driving forces of the model. Earlier 

when diversification objectives are not being met and FINVG is sufficient, 

the dominant influence is the demand, but a drop in FINVG together with 

the satisfied objectives 'switches away' the dominance from demand. 
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These will be analyzed further in the following chapters). Thus, there 

is a need to consider the capacity acquisition delay characteristics of the 

diversification industry in relation to that of the main industry as well 

as the demand patterns. 

The investment requirements could not be met by the internal funds 

and heavy L-T borrowings (TLTD) resulted, especially towards the end of 

simulation. The new investments indeed drained away all liquid resources 

and for some periods cash dropped below the required minimum level; HINCL 

(section 6.2.1). This caused short-term borrowing to increase as well, 

which partially prevented the profit figures from keeping abreast with 

the increases in fixed assets (FIXA) and total sales revenue (TSRTY). 

These conclusions could be seen better by analyzing the percentage 

improvements of this run over the corresponding simulation run of the non- 

diversified firm in the table of Exhibit 7.5. 

Simulation Time (Months) 
Performance 
Measures: 60 96 168 192 216 

CSRAT 64 38 24 15 15 
TXA 73 158 504 731 1024 
TSRTY 50 151 295 499 534 
TPRTY 0.0 123 242 407 409 
OPROR -9 70 71 106 78 
ROI -7 74 82 127 96 
Exhibit 7.5: Percentage improvements in diversified firm's 

performance over non-diversified one. 

In this table the effects of both increases in FIXA and interest charges f 

are seen by relatively slower improvements in the operating profit rate 

of return on total assets, OPROR. 

However, it is generally expected that the profit performance of the 

diversifying firm drops in the early stages of diversification. This is 

reflected in all simulated profit figures in ýhibit 7.4 (d), but more 
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pronounced for TPRTY and RAI. What is generally underestimated is the 

time it takes for profits to show a real improvement. The fact that it 

might take longer for profits to recover than expected has just recently 

been studied by Biggadike (1979). Notice as well that TPRTY recovers 

faster than ROI and continues to grow, whereas ROI remains almost at the 

same level towards the end of the simulation run. A different picture is 

portrayed when the growth in sales revenue and/or the growth in fixed asset 

stocks are considered. Thus the question of diversification effectiveness 

relates to the measure of effectivity. In any case, all these measures 

are influenced by the characteristics of the diversifying and the new 

industries. Therefore, the degree of diversification effectiveness should 

vary within the diversifying firms and across different industries. 

Lbese results should be mapped against the measure of diversity, 

cement sales to total sales revenue ratio (CSRAT). As discussed in 

Chapter 2, CSRAT or Specialization Ratio (SR) is widely used in statistical 

analysis,. where changes in measures of performance are corresponded with 

the changes in firms' SR's for a few points in time. our analysis shows. 

that a careless experimental design using these measures could result in 

gross findings. Consider Exhibit 7.4 (d) and Exhibit 7.5. In early stages 

when total sales revenue is relatively low, small 'volume' of diversifica- 

tion investment drops CSRAT rapidly and the firm is considered fast- 

diversifying. Whereas in latter stages, a few percentage points in 

diversity require huge amounts of investment as reflected in FIXA figures. 

In both stages, needless to say, the performance measures show completely 

different pictures and conclusions-. 

When a large sample of firms is considered, the different effects of 
diversification due to the tstaget and measures of performance may be 
cancelled out randomly. on the other hand; merger and acquisition activi- 
ties are historically periodic (ilewbould 1970). These may partially explain 
why- there is a disagreement between research findings about the diversifica- 
tion effectiveness (see Chapter 2) where the periods considered by these 
studies differ both in length and dates. 
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The same sort of conclusions are reached by simulating the Growth 

and Decline scenarios with diversification. As expected, in both cases 

higher L-T borrowings resulted, together with generally higher and lower 

performances respectively. We omit the inclusion of these runs in order 

to further develop the more interesting points about the situational 

nature of diversification effectiveness, and the relativeness of 

performance measures by considering simulation runs of a hypothetical case. 

7.3.2 A Hypothetical Case (HYPO Company) 

In order to show that diversification effectiveness is also related 

to the industrial characteristics of a diversifying firm, we change some 
I 

of the cement sector's parameters in the model to simulate a hypothetical 

company (HYPO). The changes made are summarized as follows: 

-- Demand Pattern: HYPO has the same cyclic and seasonal demand 
variations, but a linear growth of 3ö p. a. in the Basic Demand 
Level, BLEV, starts from the beginning of the simulation. 

- Capacity Acquisition Delay (CIDEL): it is increased from 3 
years to 5 years for IIYPO case. 

- The useful life of Capacity (CSDEL) reduced from 25 years for 
cement to 20 years for BYPO. 

- Unit cost of Capacity (SCCOST): Changed from £12x104 for cement 
to ¬18 *104 for HYPO. . 

This leaves a lower output/capital ratio 
of 0.62 for HYPO. 

- Unit manufacturing costs (SIICST): Changes from 6500/ZT of 
cement to 27500/TT of 'HYPO'. This leaves a manufacturing 
cost/sales ratio of 0.80 for HYPO. 

The simulation results for the single-business non-diversified HYPO 

company are shown in Exhibit 7.6. As seen in 7.6 (a), the basic periodic 

characteristics of HYPO are very similar to cement, but, the huge over- 

capacity of cement has disappeared. HYPO is much more active in investing 

for expansion, therefore the liquidity is much tighter. HYPO shows a 

rather healthy growth on the profit figures of part (d). In a nutshell, 

these graphs depict the performance of a company in a 'tougher' and more 

'challenging' industry in the sense that it requires more expansion 

investments to maintain the firm's position in the market. 
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However, HYPO is going to diversify into the same industries as 

before (no change in the diversification parameters). This move must be 

favoured by the management because it is promising on all fronts: 

- There is a 15% p. a. growth prospect. 
- The capacity acquisition delay is significantly shorter than 

in HYPO and the useful life of capacity is the same. 
-- The profitability of the proposed diversification, i. e. 

l-- H',. P-0.65-0.35 is much higher than in the HYPO industry: 
1- B4n-0.80 =0.20. 

- The output/capital ratio is also higher, meaning that the 
amount of investment required for the new industry to generate 
a particular amount of sales revenue is less than what is 
required for the HYPO business. 

- The pattern of payment for acquiring capacity is favourable 
for the new industry because the bulk of payments are due in 
the latter stages of completion 

As a result, based on the traditional capital investment project 

selection techniques, the payback period in the new industry must be 

shorter, with higher net present values and internal rate of returns. 

Therefore, the impact of diversification on the HYPO company is seemingly 

expected to be more profound than for the cement case. 

The simulation performance of the diversifying HYPO is given in 

Exhibit 7.7. The HYPO side of the business is slightly affected. This is 

inferred by comparing CAIPts in Exhibits 7.6 (b) and 7.7 (b). However, 

the more interesting feature in this graph is the nearly counter cyclic 

behaviour of CAIP and IMOIP. This is due to the differences in the 

capacity acquisition delays between both sectors. It, of course, smooths 

EXAFR considerably when compared with the cement case. Other factors 

which help to bring about the smoothness. in EXAFB are the relative costs 

of capacity and the patterns of payment for each sector. We will fully 

explore these effects in Chapter 8. For now it suffices to say that, in 

general, this damping of output comes to effect when the delay magnitude 

increases for the same periodic characteristics of the inputted 

sinusoidal signals (Forrester, 1961). 
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Nevertheless, the very high investment requirements caused 

liquidity problems and a very high dependency on the external sources 

of funds throughout the simulation run as seen in Exhibit 7.7 (c)X. In 

the cement case where the expansion investment requirements were low and 

profit margins high, the cement sector could provide the needed cash 
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*A longer simulation run of this case showed this bad liquidity continues 
to the extent that HYPO becomes bankzup , 
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resources for diversification investment till the company became well 

diversified and a cutback in diversification investments materialized. 

It is not the case for HYPO - where neither the main business generates 

enough surplus cash, nor are the diversification objectives achieved soon 

enough. In addition, the relatively better diversification projects 

attractiveness for HYPO, forces more and more investment in this sector - 

as happens in practice more often than not. 

Again, these are some interesting phenomena experienced by 

practicing managers but left unexplained by classroom concepts and 

conventional techniques. In practice firms find their diversified parts 

taking a-long time to mature and needing longer periods of support. This 

period iss however, very crucial as firms usually become deeply dependant 

on external funds. Rolls-Royce's move to large aero-engine industry by 

developing RB211 jet engines provides a good example, where the company 

may only survive through the very long lead time for the program to 

break-even with the aid of government funds (Tom Lester, 1977). In other 

cases, such as Gillett's diversification to the digital watch and calculator 

industxies (Business Week, 1977), the management sees no end to this 

'tough' period and abandons the diversification program. Overall, then, 

a successful passage through this period depends on a favourable combination 

of characteristics of both the existing and diversification industries. 

end, perhaps, the majority of diversification failures are attributable to 

undue consideration of these factors, especially in relation to the 

existing business. After all, the classic capital project selection 

techniques do not formally link the analyses to the firm's existing 

business characteristics, but, these aie often left to the decision 

makers' experience and intuition. 

As seen in Gection 7.3.2, the effects of diversification on the 

cement companyºe perfornance were found to be rather clear, �There it 

f 

^ 159 - 



turned a stagnant performer into a growing one. This is not so for the 

HYPO case as can be observed better by considering Exhibit 7.8 and by 

comparing Exhibit 7.6 (d) with Exhibit 7.7 (d). While the profit 

performance of the diversified HYPO shows some improvements after a 

relatively longer time, these look trivial compared with the cement case. 

Performance 
measures and 
cases: * 24 

Simul 

60 

ation Time (months) 

96 168 192 216 

CSRAT: 
Cement Case 64 38 24 15 15 
HYPO Case 99 78 54 35 28 25 

FIXA: 
Cement Case 73 158 504 731 1024 
HYPO Case 2 47 94 228 304 389 

TSRTY: 
Cement Case 50 151 295 499 534 
HYPO Case 0.1 31 80 176 255 298 

TPRTY: 
Cement Case 0.0 123 242 407 409 
HYPO Case 0.0 -12 61 180 279 288 

OPROR: 
Cement case -9 70 71 106 78 
HYPO Case 0.0 -25 1.0 14 32 16 

ROI: 
Cement Case -7 74 82 127 96 
HYPO Case 0.0 - 18 20 35 57 38 

'Cement Case' percentages are the same as given in 
Exhibit 7.5. 

brhibit 7.8: Comparison of the percentage improvements of 
the diversified cement and HYPO companies over 
the non-diversified ones respectively. 

During the earlier stages of diversification, the relative drop in profit 

figares is more than it was in the cement case. This is due to less-than- 

required investment in HYPO caused by the shift of resources to 

diversification. However, a significant recovery in profit performances 

did not materialize to the end of simulation, and throughout the company 

struggled with a worsening liquidity position. 

I 
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7.3.3 Concluding Remarks on Diversification Effectiveness 

Based on the foregoing simulation results and analysis, we conclude 

that: 

- The present financial structure of the cement company in question 
can support and will benefit from a program of diversification. 
(The particulars of such a program will be discussed later). 

- In general, the effectiveness of diversification strategy varies 
with the way in which the economic characteristics of both the 
diversifying firm and the diversification industries are geared 
together, i. e. which firm diversified to which industry? 

- In order to both explain the dynamics of diversification 
effectiveness, and make better diversification moves, the list 
of conventional economic factors must be extended from the demand 
pattern and cash flow considerations to include factors related 
to the system delays characteristics. 

- Overall, specialization ratio: (SR) as a measure of diversity 
cannot alone explain the performance of a diversifying firm as 
measured by profit ratios and rates of growth in sales revenue 
and asset. Thus researchers using these measures must complement 
their statistical analysis by a review of the firms historic 
performance and commitment to the strategy. 

- Against this history, a negative effectiveness of diversification 
is expected in earlier stages of adopting the strategy. The time 
it takes for a performance turn around to happen may become a' 
long and decisive factor. Better 'matched' diversifications 
(regarding systems dynamic characteristics) tend to reduce the 
length and/or the financial pressures of this period. 

7.4 Model Validation 

As might be clear from the way that the model formulation was 

presented in Part Two, we had the validation of the model in mind. We 

started by clearly defining the model purpose, and based on that, care- 

fully chose the model boundaries. When writing the equations, we 

justified the assumptions built in them, and when a particular value was 

assigned to a parameter or initial condition, it was based on a thorough 

research in published data - so far as found available. This theme will 

continue throughout to the end when further results are analyzed. 

Nevertheless, in order to comply with the good and necessary tradition 

in System Dynamics of putting the model to severe tests of validity, we 

devote this section to this very task. The approach and criteria employed 
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here are based on the arguments presented in Forrester (1961) and Coyle 

(1977). These are grouped under four broad headings: 

7.4.1 Validation Through Model Purpose 

A model is invalid if it was not built to a well-defined and worth- 

while purpose, and if it did not satisfy its purpose. In Chapter 4, we 

defined the present model's overall purpose, and some more specific 

questions drawn from that purpose. There, we discussed the importance 

and value of each of these questions, and, so far we have been able to 

use the model to put the whole issue of diversification effectiveness in 

perspective. In the following Chapters further-treatments of this and 

other questions are presented. 

7.4.2 Validation Through Correctness of Equation System 

A SD model must be free of gross mistakes in influence links, flows, 

sources and sinks, writing of equations and their dimensions, etc.. These 

mistakes often produce false dynamics, which is irrational behaviour of a 

simulated variable. When formulating the equation in Part Two, we mainly 

used the accepted theories and views about the influence links, and we 

carefully wrote the equations. These are best shown by already presented 

simulation runs where all the variables behave rationally. In order to 

make sure that the flows are right and the accounting equations are 

correct we defined a variable; CHECK, which is the difference between the 

debit and credit sides of the balance sheet. CHECK is zero or at most to 

the magnitude of ± 1.0*10--3 of aZ throughout the simulation runs which 

means the models do not create or lose money and accounting transactions 

are correctly recorded. The dimensional analysis did not reveal any 

mistakes either. 
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Still, to make certain that there are not any false dynamics, 

especially due to wrong initial conditions, the model is tested by a 

STEP input. This gives the opportunity to run the model initially for a 

period of steady state, then a sudden increase followed by another 

steady period. The results of this test are shown in Exhibit 7.9, where 

a step of 20°ö increase in demands occur at TINE 60. Since IIOR is 48 

months and the model forecasts the STEP, the model is free of false 

dynamics if the state variables behave steadily for the first 12 months. 

As seen, it is so. 

However, this run further reinforces the point made earlier about 

the long response and settling time of the system which causes problems 

with capacity. In Exhibit 7.9 (b) from TIME 12 that the capacities are 

ordered to TIPS 120 that CKIP settles is quite a long time. Meanwhile 

there are the problems of over and under capacity prior to and after the 

STEP respectively. Besides the long delay times, since the in-progress 

capacities in this model are calculated more accurately by using the 

coefficients of completion ( see Section 5.4.2 and Appendix 5. B), the 

oscillations that are often exhibited after a sharp increase in input in 

many models are not present here. Nevertheless, as will be seen, the 

response and settling times are useful dynamic characteristics of systems 

for formulating strategies and designing policies to implement them. 

7.4.3 Validation Through Parameter Values 

The values given to the parameters in the model should have a factual f 

base in the real system. As seen in Chapters Five and Six, we have taken 

a lot of care in estimating values for the parameters. The more important 

parameters such as SBLEV, I"US, IIKTR, SCCOST, DR, SCUST, etc., were valued 

with regard to the available data, as each were discussed in detail there. 
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(M) MONTHS, SIMULATION TIME 

(TT/H) CEMENT DEKAND(OROUP) 
(TT/d) INTEDRRTED KILN CAPACITY (CEMENT) (a) 
(TT/n) CEMENT SEASONAL DEMAND(GROUP) 
(TT/n) CLINKER PRODUCTION RATE (CEMENT) 
(TT) CLINKER STOCKE 

(h) MONTHS. SIMULATION TIME 
Cl/n) CURRENT DIVERSIFIED OEMPNO(NCN-CEfEENT) 
(t/n) TOTAL DIVERSIFIED CAPACITY 

b ITT/n) CAPACITY IN FROORE6S (CEMENT! 
U111) DIVERSIFIED CAPACITY IN PP. CCRESS 
it/n) EXPANSION ACTIVITIES FINANCIAL REQUIREMENTS 



The only parameter of which no real justification could be given for 

its value was the effective life of R&D expenditure, RDOT = 120 months 

in Equation EQ 6.6. Two different runs of the model with RDOT = 96(M) 

and RDOT = 144(1) showed virtually no changes in performance whatsoever,, 

thus there is no need to present their graphs. For all practical purposes, 

then, RDOT = 120(N) is plausible, as the model is not sensitive to the 

estimation errors of its value. 

The major assumption built in the model is that of perfect forecasts 

and at various points we said that the ills of corporate planning and 

decision making systems cannot be cured by better forecasts. It does not 

mean, of course, that the quest for better forecasts and forecasting 

techniques should be dropped. Par from that, it means even perfect 

predictions and estimations of the future and outcomes cannot prevent the 

system from behaving adversely. In order to see if it is so, the model 

was simulated with different assumptions about forecasting errors. In all 

cases, the above statement was reinforced. The result of one of the worst 

cases is shown in Exhibit 7.10 where a 10% over-estimation of the 

underlying demand trends is assumed. Because of a continuous optimistic 

view of the future demands there is a small increase in investment 

activities which ends up with slightly more overcapacity. As observed, 

there is certainly no change in the underlying behaviour of the system. 

7.4.4 Validation 'Through Output 

The simulated output of a SD model must reflect the expected or 

observed behaviour of the system to be considered valid. As discussed 

when presenting the results in the earlier sections of this chapter, the 

model indeed shows the basic characteristics and problems of the cement 

industry, and portrays the experts' opinion of diversification. Further- 

more, we could not find any variable's particular behaviour that was 

outside the reaches of reasoning. 

2.65 , 
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Based on all of the foregoing measures and tests of validity we 

conclude that the present model is valid. While it increases our 

confidence in this model, we hope that the further analyses in chapters 

to come prove that this was the right conclusion. 

7.5 siunmary 

From the simulation runs of the single-business cement firm with 

three overall future demand assumptions it was concluded that the 

performance of such a company is dependant upon the demand situation. In 

any event, it was also found that the system is potentially capable of 

financing diversification projects. More importantly, however, we learned 

about the dynamic characteristics of the system which we will also use to 

formulate diversification strategy and control policies. 

IIext, we studied the performance of the firm when it is diversified. 

We observed the various changes in the underlying performance character- 

istics of the firm by the introduction of diversification. In the analysis 

that followed we found that these changes or effects are indeed related to 

the situation under investigation and depend on the kind of measures 

employed and the time of the observations. These will be seen again in 

the next chapter where we will examine the diversification decision 

factors. 

Finally, the question of model validation was considered through a 

series of tests, criteria and with regards to the simulation results and 

conclusions reached by these basic runs of the model. We found that the 

model is valid which boosted our confidence in it for further analyses. 
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Chapter Eight 

TAE ANALYSIS OF DIVERSIFICATION DECISION FACTORS 

8.1 Introduction 

The analysis of the situational relationships within the economic 

factors on one hand and between the firm and diversification projects on 

the other, for making such strategic moves is in its early infancy period. 

It is more of a complicated art than a straightforward science. Yet it 

is becoming increasingly more important to provide practicing managers 

with some basic understanding of this art, not only because they find 

themselves more and more engaged in this decision situation, but in 

addition, the pattern of changes inflicted by the environment is itself 

changing, which brings about more opportunities and more complex situations. 

This chapter is an attempt to do so., For every parameter considered 

the fact that the parameter is an important control means is briefly 

established, followed by further analysis to find out where and when it 

might be more or less effective. 

8.2 The Economic Factors 

In chapter 4 and throughout part two, we discussed a number of 

economic factors by which we characterize an industry or a diversification 

project. We have also seen the way each of these factors was introduced to 

the model. These are listed in Exhibit 8.1. The first four define the 

cyclic demand pattern which is the input to the model. The rest are 

factors directly related to delays, cashflow and profitability character- 

istics of the industry. 

The nature and the way in which -these factors affect the overall 

performance of the model, together with the dependency of the effects upon 

situations is the subject of this chapter. One way to demonstrate, under- 

stand, and develop the agents for this subject is to analyze the re-runs 
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parameter Dimension and Definition 

1 GR (1/M) Growth Rate of Diversification Demand 

2 PD (M) Cyclic Period 

3 DAMP (1) Diversified Demand Cyclic Amplitude 

4 DPHASE (M) Cyclic Phase Shift of Diversified Demand 
versus Cement Demand. 

5 PTIDIM (M) Average Diversified Capacity Completion 
Delay. 

6 DPA,. DPB, DPC (1) The Pattern of Payment for Acquiring 
Diversified Capacity. 

7 DCOST (¬/(£, 4)) The Cost of Capacity for Diversifica- 
tion, based on Output/Capital Ratio 

8 =NDIL (E/14) Minimum Diversified Investment Level 

9 PMF (1) Manufacturing Costs to Sales Ratio 

10 PPDEL (M) New Diversification Projects Profitability 
Average Delay Time 

11 AUADC (M) Average Useful Life of Diversification 
Projects 

Exhibit 8.1. The Economic Factors Characterizing the 
Diversification Industry 

of the model with different values assigned to each factor at the time, and 

then use different combinations of them, and so on. This approach would 

obviously run into serious presentation troubles, as the space required to 

do so is enormous, and even the best of systematic ways of dealing with such 

presentation would end up with the real issues being obscured. Alternatively, 

one may choose to infer the effects of these factors by analyzing the loops 

they affect. This approach alone would not be a satisfactory way of 

presenting the issues either. 

The third way taken here is a combination of the foregoing approaches. 

We start with analyzing some central loops in order to draw general 

conclusions about the nature of each factor, then we elaborate further by 

bringing in some general situations that might arise, and if felt comple- 

mentary, simulation results are presented. These should help the decision 

f 
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makers facing a practically endless number of situations to develop a 

feel of understanding as to the nature of these decision factors, their 

effects, and relative importance, so better decisions are reached when it 

actually comes to choosing diversification projects. 

Still, in order to put the following presentation in a more meaning- 

ful perspective, we recognize two sorts of overall variations in the 

simulated performance of the model: First, the variations in the capital 

expenditure requirements represented by EXAFR. Second, the variations in 

cashflow and profit figures. Clearly, we are not suggesting that these 

variations are independent of one another but, far from it, we take this 

step merely for the sake of analysis and presentation. However, the 

following two sections are organized accordingly. 

8.3 Factors Affecting the Capital E cpenditures Variations 

33y-the 'Base Case' simulations of the model, presented in Chapter 7, 

particularly in Exhibit 7.4(b), we observed the variations in the 

Expansion Activities'Financial Requirements, EXAFR. In order to avoid 

such variations we must first identify the factors that directly cause 

them, and then try to analyze the degree and directions of each factor's 

causations. 

We start from EXAFR formulation itself (EA. 6.12, working our way 

backwards from the immediate variables to others, and so on, until the 

list of variables extends to the starting point. In doing so, often a 

number of loops appear but only a few of them are crucial to the points 

sought, and therefore must be analyzed more vigorously. The resultant 

loops at the end of this procedure are shown in Exhibit 8.2. As seen, a 

number of factors listed in Exhibit 8.1 are shown, and clearly they are 

all important factors in the sense that they are direct gain and delay 

factors. The broken-line influence. links denote the omission of 
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Exhibit 8.2: Factors and Loops Immediately Affecting EXAIR. 

i 
i 
ý. 

i 
i 

variables deemed not to be of a particular interest at this point. However, 

such intervening variables do not change the loops' polarity. The links 

connecting F NVG to RCIIP and CASK constitute non linear and discrete decision 
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making structures that are formulated in equations EQ 6.30, EQ 6.31, and 

EQ 5.8 through EQ 5.10. These equations simply concern the change in the 

driving forces of the model. So long as the estimated financing ability 

(FINVG) is more than the needs, the model is driven by the demand patterns, 

otherwise it is driven by MM. The point where this change occurs is 

important and the term 'nonlinearity' is used here in a less technical sense 

to mean this. The double-lined influence links show the physical flows of 

capacity acquisition and completion process shown in more detail in 

Exhibit 5.4. As observed there (in section 5.4), these links and relevant 

small negative loops describe the internal level-rate structure of a DLLAY3 

macro with a total delay magnitude of CIDEL and HOD^L months. The ultimate 

influences (not seen in Exhibit 8.2) to these delays are the demand patterns 

as characterized by the first four factors in the given list of Exhibit 8.1. 

The following sub-sections are devoted to further analysis of these factors 

and the parameters defining the demand pattern. 

8.3.1 INDEL. NDIL and the Demand Pattern Parameters 

She loops shown in Exhibit 8.2 are all negative, thus, in general, any 

increase' in their gain should decrease their damping characteristics whereas 

a decrease in their total delay time reduces damping (Coyle, 1977). Since 

the delay magnitude of the first-order averaging delays are very small 

compared to the total loops' delay and are the same for both sectors, they 

are dropped from the analyses. More specifically, damping transformation 

property of delays is defined against the sinusoidal amplitude of the 

inputs to the system when such an input exists, as"in our case. Another 

property of such a system is the shift it makes to the output. Both 

properties for a third-order delay are defined respectively as follows 

(Forrester, 1961 and Coyle, 1978): 

--173- 



1 

r' 8.1 Amplitude Ratio. (Output/Input) = AR =2D 
)2+ 273 *. +1 

Phase Shift (Output Lags Input) = PS =3 Arctan (3ý)*( P) 
EQ 8.2 

where; 

D= (M) delay magnitude; CIDT. L and/or 1: 14DEL 

P= (N) period length of input sine; PD. 

Thus, an increase in (P) term leads to increased damping and phase shift, 

but not in the same proportion. Indeed, as may be inferred from these 

equations, AR drops most rapidly in the region 0.1 <y; <1 whereas the 

same sort of rapid increase in PS happens but in 0.1ýP -(4 region. 

These properties-of filter delay that change the input characteristics 

(demand pattern) should be considered when deciding to diversify if a 

stable performance is desired. Thus it is from this output end that the 

demand patterns of the existing and diversification industries'should be 

'matched'. Indeed, the commonly held view of 'counter-cyclic' demand 

patterns in diversification literature is'based on some idealized 

sinusoidal characteristics which assume nearly equal base levels that grow 

at the same rates, equal period lengths, and similar amplitudes. 

Deviations from such an ideal situation can greatly reduce the stability 

effects of the policy and may even result in adverse effects, e. g. when 

the periods are not equal. Such policy often works best when applied to 

seasonal variations where more stable total sales revenue, cash flow and 

earnings may result. But in capital assets acquisition decisions, where 

variations across the business cycles are chiefly considered, even 

idealized counter-cyclic demand patterns may result in greater variations 

in the capital expenditures requirements (EXAM) if the existing and 

diversification businesses have very different capacity. acquisition delay 

magnitudes: As each delay results in a particular phase shift which is 
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added to the original counter-cyclic shift in demand, that may produce 

corresponding peaks in EXAER. 

Despite the suggestion of considering each case on its own merits, 

there are a few more general points to make so far: 

-. All foregoing factors must be analyzed collectively for their 

effects, making possible trade-offs, and in view to the existing businesses. 

- The smaller DAMP is, the variations in EXAM are more likely to be 

contained, thus the more possibility there is to diversify into 

industries with shorter RUM without drastically increasing EXAFR 

variations. 

-A blunt adoption of counter-cyclic policy may result in adverse 

effects. The 'phasing' of the demand patterns should be done by consider- 

ing the average capacity acquisition delay times. 

8.3.1.1 Diversification Sector's Growth Rate (GR) 

Another side to the £: XAFR's gains via the capacity completion delays 

structure of Exhibit 8.2 is directly due to the amounts being inputted. 

As just mentioned, and fully discussed in Chapter Five, these inputs are 

the result of a non-linear and discrete decision making process which is 

also influenced by the growth rate (GR) in the demands and the mine 

investment levels; I"ICIL and MDIL. The importance of these factors is 

further illuminated when recalling another non-linearity, that of L-T 

borrowing policy formulated in equation EQ 6.14 and repeated here: 

R LTBR. KL = (EXAFR. K-FRFI. K)-CLIP(1, O, MCAPR. K (EQ 8.3) 

LTBR = c/Ii) Long-Term Borrowing Rate 
FRI'I = Z/1i) Feasible Rate of Financing Investment from Internal 

Resources. 

which suggests resorting to L-T borrowings for the amount of capital 

expenditures that could not be financed from the internally generated 

funds. Thus for some regions of EXAFR values where it is matched by FRFI 
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there is little or no further borrowing, but when EXAM is substantially 

larger than FRFI, runaway L-T borrowings, similar to those presented in 

Chapter 7, would appear. Therefore, the decision to diversify should also 

be based on the identification of such regions for the diversifying firm 

and how these are compared to the requirements of the new industry, but 

not just on the attractiveness of the diversification projects alone. GR 

and MDIL of the diversification industry are then important decision 

factors, as they, together with the other parameters already mentioned, 

determine the magnitude of RXAFR in different times. 

Insofar as the growth rate of diversification industry is concerned, 

it seems that it is as ineffective a way to diversify into a slow growing 

industry as into a fast growing one. Indeed, the relationship between the 

profitability measures of the diversification effectiveness and-a reasonable 

range of GR must not be unlike an inverted parabola with a maximum point 

beyond which the effectiveness starts to drop off as higher GR's are tried. 

This point is further illustrated in Exhibit 8.3 where the percentage 

improvements in the Operating Profit Rate of Return on total assets, OPROR, 

and Return on Investment, ROI, for different diversification industry's 

growth rates are compared. As seen, the effectiveness increases as higher 

growth rates are tried to a point (about GR = 12% p. a. ) where they cause 

heavy borrowings and lead to decreases in profitability. 

To a large extent, this effect of GR must have external validity 

because neither the assumptions built into the modelling of the concerned 

relationships nor the omitted relationships from the model suggest the 

contrary. The GR that bears the maximum profitability effect corresponds 

with the firm's 'right region' of financing ability deployment. The 

behaviour of competitors and the suppliers of capital, etc. may affect the 

position of such a region but the point that every firm is subject to 

having one still remains the same. 

-176- 



Measure: Simulation Time (Months) 
60 96 168 - 192 216 

GR p. a. 
OPROR 0.0% 600137% 60% 35% 

R0I 0.0 55 29 58 35 

GR = 7.5% p"a" 
OPROR 0.0 69 63 96 76 

R0I 0.0 64 53 94 75 

GR = 120/ö p. a. 
OPROR - 0.7 83 99 153 115 

1101 - 1.0 77 87 152 115 

GR = 15% p. a. (The 'Base Case' as in Schibit 7.5) 
OPROR -9 70 71. l06 78 

R0I -7 74 82 127 96 

Exhibit 8.3: Percentage Profitability Improvements of the Diversified 
Cement Pirm over the Non-Diversified One for Different GR's. 

Again the situational nature of these analyses is evident. While the 

little investm ent requirements in cement together with little competition 

and high margins enables the cement company to diversify into faster growing 

jndustries, the 'tougher' situation portrayed in HYPO case would not allow 

the assumption of such high growth rates. Here, too, the more general turn- 

around GR effe cts are present but the maximum point is reached at significantly 

lower growth rates. Some simulation results similar to the cement case just 

presented are shown in Exhibit 8.4 for the HYPO case. As observed, HYPO 

company can best perform when its diversified sector grows at about seven per 

cent. 

Measure: Simulation Time (months) 
24 6o 96 186 192 216 

GR 3ö p. a. 
OPROR 0.0,6 -3 ö 33% 31% 38gß 2601% 

R0I 0.0 -2 30 31 38 26 

GR = 7.5°% p. a. 
OPROR 0.0 -5 21 44 62 49 

R0I 0.0 -5 27 46 63 50 

GR = 150/6 p. a. (The 'Base Case' as in Exhibit 7.8) 
OPROR 0.0 -25 1.0 : 14 -32 16 

HOI 0.0 -18 20 35 57 38 

hibit 8.4: Percentage Profitability Improvements of the Diversifi ed HYPO 
Firm Over the Non-Diversified HYPO for Different GR's. 
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Therefore, regarding Growth Rate (GR) we conclude: 

1) For any diversifying firm, the diversification effectiveness 

increases as the firm assumes larger GR's to a point where the effective- 

ness starts to drop off by increases in GR. 

2) The particulars of this relationship, i. e. the maximum pointy is 

situational, which can be generalized in terms of the diversifying firm's 

existing and expected cash generation and requirement characteristics on 

one hand, and the diversification projects' expected cash requirements and 

generation characteristics on the other. More specifically, these 

characteristics depend on the present and expected behaviour of competition, 

capital market and other system parameters as delays and costs of capacity. 

8.3,1.2 The Minimum Investment Level (MDIL) 

- Closely related to GR is the nonlinear factor of minimum investment 

level, MDIL. The way this factor (in equations similar to EQ 5.7 and 

EQ 5.8) is introduced to the model suggests that the smaller MDIL is, the 

less likely that nonlinearity comes to effect. When MDIZ is sufficiently 

large, the investment decision making process initiates diversification 

projects discontinuously with large and irregular intervals. As these 

projects make their way through the completion delay, they cause wild 

variations in EXAM. This is shown in Exhibit 8.5 when the Base Case is 

simulated for MDIL = X10 million14i. 

However, the range of possible NIA L values over which the modelled 

decision structure is linear is quite wide for the cement case. The 

width of such a range is directly related to the financial characteristics 

of the diversifying firm. The suggestion to diversify into industries with 

smaller ! mIL requirements means that these industries are perhaps comprised 

of several small competitors that share the market fairly evenly. 
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Exhibit 8.5. CONSTANT CEMENT DEMAND & DIVERSITY. MDIL=1OE6 
MODELLING CEMENT-DIVERSIFICATION DYNAMICS 

The external validity of the above conclusions is limited, because 

there may be positive relationships, as argued by some writers, between 

the profit performance and larger market shares or manufacturing units 

(see for example, Chevalier (1972), as listed in Appendix 2. A). Such 

40. 

relationships are usually proclaimed with references to a firm's assump- 

tion of industry leadership, synergy, and economies of scale arguments. 

We have not directly introduced these relationships to the model, because, 

viewing its purpose, it was not necessary to do so. However, our points 

regarding MDIL as an industry characteristics, its importance and the need 

to consider it, its relation to the other factors and to the financial 

structure, and its effects on the behaviour of capital expenditures axe 

valid and of practical value. 
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8.3.2 DCOST and The Pattern of Payments (DP's) 

From the negative loops presented in Exhibit 8.2, it is seen that 

Diversification Cost of Capacity (DCOST) is multiplied to the variations 

transmitted via the completion delay. Therefore, while, in general, the 

larger DCOST is the more damped' the performance becomes, the choice of its 

value is often very important since it directly affects the cashflow as 

well. Moreover, earlier we observed that the nonlinear link between EXAPR 

and LTBR is operational when the capital expenditures could not be paid 

from the internal financial resources (FREI). The existence of this and 

the other nonlinearities in the loops calls for more thoughtful analysis 

to find out when and in what conditions the damping effect takes place, 

and whether, in relation with DCOST and the other parameters, it should or 

could be altered? This is done by introducing a few more loops. 

Following the same way as we took to present the loop structure of 

bchibit 8.2, and with the same conventions we consider the loops given in 

Exhibit 8.6. Here the boxes represent the same DELAY3 macros for each 

sector, as seen in Exhibit 8.2 in more details, with the exception that the 

completion rates are not averaged. The smaller boxes at the corner are the 

reproduction of the same delay structure with the same FINVG links, but 

feeding directly to Cash Outflow (0ý, 0w), and drawn this way to prevent the 

influence links crossing one another. Some other parts of the grouped loops 

labelled B and C are also common to those in Exhibit 8.2. However, the 

important difference among them is that loop B is a positive loop, with all 

the consequences, when it is fully operational. The broken line link between 

TPRT and FTNVG on Loop A does not contain nonlinearity but denotes the 

omission of some variables among which is a pure integration of retained 

profits (RESV). The total gain on this link is 0.2112, and, the component 

gain of RD1 1 is (12/2)/180 = 1/30 = 0.033. Because the loops in both 
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Definitions 

FSDCR = First Stage Div. Capacity Completion Rate 
FSCCR = TTI"I), 4) First Stage Cement Capacity Completion Rate 
RIFXA = ZtM Rate of Increase in Fixed Assets 
ARIFXXA = L'4i Average Rate of Increase in Fixed Assets 
RDFXA = Jwý4 Rate of Depreciating Fixed Assets 
DINT = hI) Decision-making Interval 
APLD = N) Average Plant Life for Depreciation 
TPRT = £%I4) Rate of Taxable Profits 
RIGG = (C, 41) Rate of Internal Cash Generation 
ARICG = t, 4) Average Rate of Internal Cash Generation 
EICG = £) Expected Internal Cash Generated 
FRFE _ £A4 Feasible Rate of Financing Investment Internally 
OFLOJ = £'/iý2) Rate of Cash Outflow 
CBLANCE (f) Cash Balance 

Exhibit 8.6: The Hain Cashflow and Profit Loops. 

Exhibit 8.2 and Exhibit 8.6 share the same delay structure -- which is the 

dominant feature from this point of view -- and the same nonlinearities, 

especially around FINVG, the total delay of each individual loop is large 

and nearly equal to the others. Thus all are slow-acting loops. 

++ 
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Moreover, if we start tracing the effects of increasing/decreasing DCOST 

through each group of loops, the differences in gains and delays will be 

independant of the effects of those belonging to the common parts of the 

comparable loops. 

Consider the case when Internal Financial Resources (FREI) for 

some reason is usually greater than Capital Expenditure Requirements 

(EX). Because of the nonlinear borrowing policy the loops in 

Exhibit 8.2 and loop C in Exhibit 8.6 are not operational. Small increases 

in DCOST, then, would not - at least initially -. damp EXAFR but substantially 

increase its magnitude, which pushes for reversing the inequality of FREI 

and E FR. Meanwhile, in loop C. Cash Balance (CBLMTCE) is reduced by the 

same amount leading to reduction in FREI, thus doubling the pressure for 

the inequality to inverse. However, the increase in DCOST increases FREI 

in loop B but far from being in the same proportion because of the small 

(0.033) componant gain of RDM bn this loop. Therefore, increases in 

DCOST lead to amplified borrowings, particularly when the inequality of 

FREI and EXAFR is a loose one which is often the case in practice. The 

increase in DCOST reduces TPRT as well, though by a smaller amount. 

These consequences would have been much stronger if there had 

been no nonlinearities around F1? IVG, or, when the firm is in full employ- 

ment of its financing potentials. In the latter case, by the definition 

of financing potential, EXAFR is likely to be greater than FRFZ, and 

increases in DCOST would have the same effects of increasing EUFR and 

total L-T debts (TLTD), and reducing CBLA2NCE and TPRT, but in much more 

damped mode. This is because the loops are fully operational in such cases. 

Thus, the effects of changes in DCOST are related to the firm's 

total level. of investment activities and how it compares with its ability 

to generate cash internally. Equally important, it depends on the 
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relative investment requirements of each sector at any one time. The 

changes in each sector's requirements and position (dominance) are caused 

primarily by the values other parameters concerning the completion delays 

and those defining their inputs have. Consider Exhibit 8.7 where the 

Base Case Cement-Diversification model of Exhibit 7.4 is re-run, but with 

DCOST increases substantially from 12f/(£A1) to 18 /(¬AI); the equivalent 

of output/capital ratio of 0.66. Here the very high GR of 159iß p. a. and the 

higher DCOST have made the diversification sector extremely dominant to 

the extent that EXAM and PI4ICIP are almost parallel. Some other interesting 

features could be seen as well, especially in terms of the foregoing loops. 

Early during the simulation time, when FRII is still sufficient to meet 

the much increased EX. kY 
, TLTD is decreasing, but shortly after, there is 

an amplified increase in TLTD. At this point FE}TVG can cover the 

relatively small amount of investment required, thus none of the negative 

loops are fully operational to damp EXAPR and TLTD, i. e. the model is still 

running below the point where the nonlinearities in the project initiating 

decision-making process come to effects. But this situation did not last 

for long as, on one hard, the much higher 'volume' of required diversifi- 

cation investment plus the activated cement sector's requirements, and on 

the other hand, larger TLTD together with increased estimated capital 

expenditures cause a drop in FINVG pushing the model above the mentioned 

nonlinear points. Rrom then onwards, the firm is pushing against its 

financing ability limits and the diversification projects are chosen 

accordingly. During this period there is little or no fluctuation in 

EXAM and TLTD. Because of the large delay magnitudes of these loops the 

foregoing effects come to picture rather slowly, nevertheless, the overall 

reduced performance of this run is evident when compared with the Base Case 

simulation run, and the reason for this, as mentioned earlier, is the gain 

differences of the positive and negative loops of iLibit 8.6. 
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The effects of increases in DCOST would have been even more pronounced 

if. CCOST was larger and/or if the cement sector's investment requirement 

was more. Thus, one of the wrongest strategic moves that a company with 

low output/capital ratio and average to heavy investment programs can make 

is to diversify into another industry with such similar characteristics. 

Besides the notion that the choice of DCOST should be made in 

relation to the firm's financial characteristics, this choice should also 

be made in relation to the diversification industry's other character- 

istics. The adverse effects of increases in DCOST tend to increase if the 

chosen industry for diversification has: high growth rate (GR), high 

cyclic amplitude (D T"IP), large minimum investment level (PIDIL), and short 

capacity acquisition delay (RADEL)*. 

8.3.2.1 The Pattern of Payments (DP's) 

Looking back to the loops presented in Exhibit 8.2 and Exhibit 8.6, 

it appears that one other possible and effective way to stabilize EXAM 

and cashflows is to choose diversification projects whose patterns of 

payments for acquiring their necessary capital assets matches the main 

business's projects in a way that the firm is less likely to be in the 

position of having to pay for the bulk of investments simultaneously. 

the pattern of payments, denoted here by DP's and CP's, for a project is 

determined by factors as the nature of assets and services being purchased, 

the technologies involved, the traditions of the industry, etc. As said 

earlier, this pattern for cement projects is CPA = 20%, CPB = 60%iä and 

CPC = 20%. A simple, and perhaps elusive conclusion would be to select 

diversification projects with the least spending requirements at the second 

These conclusions are further tested by simulation experiments. The 
increases in DCOST for the cement case must be substantial in order to 
observe a real change in the simulated behaviour. 
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stage. For this policy to work properly several conditions must exist: 

Both sectors must actively require investments, the project completion delay 

magnitudes should be similar, and the demand variations should be close 

together. 

An indication that the adoptätion of this policy needs more careful 

analysis is given in Exhibit 8.8 where the Base Case is run with this 

policy. Notice the increased fluctuations in BFR when compared with the 

Base Case given in Exhibit 7.4 with DP's of 10%, 40ö and 50%. This has led 

to higher level of TLTD and slightly lower profit performance. The reason 

for the adverse effects of a seemingly sensible policy is that it ignores 

the fact that the cement sector's investment requirements are low, and the 

diversification demand leads the cement demand by one year in the first 

place. However, if RIDEL were not equal to CIDEL the phase shifts caused 

by the construction delays would have been different as well, which would 

have furthered the distortions in the output. 

Despite the nonlinearities in the system and favourable financial 

situation of the cement firm, the changes in the simulated performance 

shows that adopting a suitable pattern of payments can be an effective 

means of control. The degree of this effectiveness varies with the situa- 

tion on hand, and of course, how sharply the various patterns differ from 

one another. In general, so long as the patterns have the same overall 

shape, the variations in their details should not make much difference. 

This is especially true when remembering the noise and nonlinearities that 

commonly exist in the industrial systems. 

To determine the suitable pattern in relation to the existing 

projects and the other parameters can quite easily become a complicated 

task, especially when the completion delays are not equal and/or the demand 

pattern characteristics are dissimilar. In such cases, a few general 

patterns, each based on a particular rationale-, should be tried. One such 

I 
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economic rationale is to defer the bulk of payments to the latter stages 

as, much as possible. Indeed, the policy adopted for the Base Case was by, 

following these lines of reasoning. A much more vigorous pattern of the 

sort (DPA = 1%, DPB. = 1; /c, DPC = 980/6) was tried and generally lower and 

slightly smoother EXAFF with lower TLTD and better profit performance were 

observed. Other general patterns were tried as well but in every occasion 

the effects were worsening of the situation. The policy of choosing 

diversification projects that require the bulk of their investment to be 

paid for in the latter stages of their completion therefore matches better 

with the cement case. 

The adverse effects of diversifying with unsuitable such pattern 

will increase if the diversification sector deemed to demand the majority 

of investment activities, in general, and in particular if the growth rate 

(GR) is high, cyclic amplitude (DAI"'IP) is large, and minimum investment 

level (MDIL) is high. In such cases, more thorough attention should be 

given to the pattern of payments. 

8.3.3 Capacity Completion Delays; CIDEL and RIDF, 'L 

Before leaving this whole section, let us consider a few more runs 

pertaining the completion delay factors; CID EL and BIDrEL, and their relation 

to overall diversification effectiveness. The situation to be considered is 

the HYPO Company case that its Base Case simulation results with CIDEL = 60 

months and RIDFL = 36 months presented in Exhibits 7.7 and 7.8. However, 

if HYPO diversified into another industry where the only difference from the 

original one was that its BIDEL was equal to 12 months, the results would be 

as'shown in Exhibit 8.9. The table at the top of this Exhibit is compared 

with Exhibit 7.8 and the graphs at the bottom with Exhibit 7.7(b). The 

faster profit recovery and general improvements in performance of this run 

are evident from the comparison of the tables. Thus the effectiveness of 
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Measure: Simulation Time (Months) 

24 60 96 168 192 216 

TPRTY 0.0% 4% 94% 206% 311% 331% 
OPROR 0.0 -16 17 23 38 26 
Rol 0.0 -6 36 43 62 47 

Percentage improvement of diversified HYPO over non-diversified IIYPO 
when CIDEL = 60 and PIZDEL = 12 months. 
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diversification is increased by diversifying into industries with shorter 

capacity acquisition delay. On the graphs, the much lower in-progress 

IICIP is expected because of the lower delay magnitude. The items of 

more interest on this graph are the MXAF9. fluctuations. In the earlier 

stages when the diversification demand is not very high, the main business 

(HYPO) sector's investments count for the larger proportion of the total 

capital expenditures. Therefore, this sector's loops are dominant. Since 

these loops have longer delay (CIDEL = 60), they assert their more damped 

characteristics making EXA_Fi fairly smooth during this period. However, 

as diversification demand becomes larger later on, the dominance switches 

to the diversification sector, and the less damped characteristics of these 

loops (PiriDE = 12) appear and EXAM starts fluctuating sharply. 

The same changes of dominance happen when the inverse case .- only so 

far as CIDEL and RIDEL are concerned, i. e. CIDEL = 12 and R1DEL = 60 - is 

simulated. The results are given in Exhibit 8.10. Here the word 'NWJ' is 

to emphasize the difference that exists: a HYPO company with shorter 

capacity acquisition delay is diversifying into an industry with a much 

longer such delay, but all other characteristics are the same as before. 

However, in contrast to the previous case, the dominance of the main sector 

'during the earlier stages creates more fluctuations in EXAJ? R, because of 

the shorter delay time (CIDL = 12 M). Whereas the later dominance of 

the diversification sector reduces the fluctuations. This change of 

sector's dominance, and the consequent insertion of their characteristics, 

through time - which often happens in real life, partly due to the very 

economics of the business firm (the system characteristics), and partly 

because of the changes in the top management's composition, values and 

favourites, but mainly through the interactions bet; "reen these two - can be 

avoided, at least in the economic fronts, by trying to re-adjust GR, PB"IDEL 

DCOST or a combination of them. 

f 
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Measure: Simulation Time (months) 

24 6o 96 168 192 216 

TPRTY 0.0CC -316' 49/o 17495a 275% 2869% 
0PROR 0.0 -46 -11 9 28 14 
ROl 0,0 -32 10 30 52 36 

Percentage improvements of diversified HYPO (NEW) over non-diversified 
HYPO (1T 1) tonen CID, EL = 12 and 1,11DEL 60 months. 
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When the given tables are compared as well, this case's profit 

performance shows the lowest improvements of all. The turnaround of the 

profit figures takes much longer to materialize too.. Therefore, a business 

firm used to having shorter capacity acquisition delays should avoid 

selecting diversification projects whose completion periods are substantially 

longer. Such projects must be much more promising, in the first place, and 

should be chosen by firms prepared to wait for a long time to realize their 

higher margins. This brings us to consider the last three parameters given 

in Exhibit 8.1, RIP, PPD ,, and AUADC which are directly related to 

diversification project's profitability and cashflow. 

8.4 Factors Affecting Cashflow and Profit Variations 

Following the same procedure set forth in the previous section, the 

loops to be considered in this section are given in Exhibit 8.11. Part (a) 

of this Exhibit shows the loop structure altogether and in the other parts 

the-same loops are represented in a more simplified manner. The broken- 

line link between TPRT and FTNNVG is the same link of loop A in Exhibit 8.6 

with the gain factor of 0.2112. The link between FJ21VG and the box 

representing the diversification projects completion delay and the delay 

itself are also the same with by-now familiar non-linear decision making 

structure. These are simplified in parts b, c, and d, and shown with a 

broken line containing a letter D for that Completion Delay. The link 

between PMCCR and MTDCP contains aD for delay in the new projects becoming 

fully profit-making since their launching time. This delay time is of the 

average magnitude PPDEL months. 

These loops have many common features. They differ, however, in being 

either concerned with the cost or revenue sides of PROFIT as well as with 

the fully profit-making or the new unprofitable parts of the diversified 

capacity; PDC and NPNPDC respectively. 
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TPRT-- - 
>-MTVG. 

- - D- 1: 14CCR -PPDE , 

PROFIT 
DFj+ 

D- r DCP 

CSHR3CPRICE > TSR PTNPDS 

(Paxt c) 

TPRT-. -- -K KVG --D- --PllICCR PPDEL 

+ 
PROFIT + FJDCP 

t+y- 

TCOST -< NNPDC 
+- 

(Part d) 

Tla fi ni +i nn c 

HICCR = (£'"7)/1I) Diversified Capacity Completion Rate 
MTDCP = (ý/I)%ii) Rate of New Div'd Capacity becoming Profitable 
NNPDC = ZAki) New Unprofitable Div. 'd Capacity 
PPDEL = N) New Div. Projects Profitability Average Delay Period 
PDC = £'"i) Profitable Diversified Capacity 
DCSR = (v4P4), i) Div. 'd Capacity Scrapping Rate 
AUADJ = (M) Average Useful Life of Div. 'd Capacity 
TSR = £/4 Total Sales Revenue 
TCOST = £A"1 Total Production Costs 
PROFIT = £/`M Gross Profits 
RIP = 1) Manufacturing Costs/Sales Ratio for Diversification Sector 
CSHR = TTAii Cement Shipment Rate 
CPRICE = £/TT Cement Prices 

Exhibit 8.11. Principal Loops Concerning RIF, PPDEL and AUADC. 
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8.4.1 Average Useful Life of Capacity (4UADC) 

A unit increase in PDC on the negative loop A leads to l/AUADC increase 

in DCSR which decreases PDC by the same amount. Thus, the longer AUADC is 

preferred. Of course, this is true so long as BIF <1. When it is not, 

one wants to reduce PDC gain so the reduction in PROFIT via loop B is 

- minimized. Moreover, as for other factors discussed so far, the 

importance of decisions on the project differences due to the AUADC length 

depends on the orders in the question, e. g. 10 years difference between 

projects useful life should be considered very carefully indeed. It, too, 

depends on other characteristics, particularly EIDS and PPDLZ magnitudes. 

As discussed in section 5.5.2, PPDL and AUADC jointly define the project 

life cycle, and in the previous section the effects of AWMEL were observed. 

When WDEL and PPDEL are long, it becomes relatively more important to 

have longer AUADC as well. On the other hand, lengthy AUADC prevents the 

firm's manoeuverability, specifically, in responding to the change in demand, 

as in the cement case. Thus when the future of an industry is highly 

uncertain or deemed to be volatile, it is a strategic mistake to commit 

resources to its longer lived projects, especially if the firm is already 

operating in an industry with long useful life of capital assets. 

'8.4.2 R. -IP and PPDEZ 

Such generalities can also be inferred from loops B and C for RIF and 

PPDEL - certainly with more confidence if these loops were linear. Assuming, 

for a moment, that the model always runs within the linear region; decreases 

in both MIME and RIP then is advantageous since PPDEL decreases will increase 

the growth in the positive loop C and will decrease damping through the 

negative loop B. As such, decreases in the gain multiplier RIP reduces 

damping in loop B. In general, then, these factors are very important to 

consider when deciding to diversify, and projects with the smaller PPDFFI and 

RIF are preferred. 
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But, as for the other factors considered earlier, in making choices, 

the decision maker may have to make trade-offs among all factors. In 

addition, the projects must be selected in relation to the existing 

businesses and not in isolation. The foregoing generalities, even though 

well founded, are of little use to decision makers facing such complex 

decision situations, particularly when he has to deal with a network of 

objectives and nonlinear systems.. 

The need to choose diversification projects with proper IMP and PPDEI 

in relation to the main industry can be concluded from the loops given in 

Exhibit 8.11. When the main business's margins and trade volume are low - 

i. e. CPRICE and CSHR on loops (C-) and (E+) have just enough 'vigour' to 

meet the corresponding negative loops - IMP and PPDEL become decisive 

factors to the extent that slight increases in their values rapidly reverse 

the situation. However, while the effects of increases in RIF are sharp 

and only increase the gain in loop (B-), the PPDEL effect is two-fold, since 

it is located on both positive and negative loops. Two more points need to 

be established regarding the relative importance of the PPDEL increases in 

such situations. One is related to the total delay of these loops and the 

other is concerned with the profit margin or cashflow of the unprofitable 

portion of the diversified capacity NNPDC. If the total delay is already 

high, according to equation EQ 8.1, the resulting increased gains due to 

relatively small increases of PPDIL are diminished. Thus the adverse 

effects, even though two-fold, are marginal. The-second condition concerns 

the assumptions built in loops E and P. In this model we assumed that the 

sales revenue generated by PJNPDC is enough to cover the manufacturing costs 

of what it produces. Under this assumption, increases in NNPDC -- due to 

increased PPDEI - have practically no bearing on the profits as these loops 

cancel one another out. However, if it so happens that during PPDEL the 

products are sold below the manufacturing costs, PPDEL length becomes 

crucially important regardless of what RIF promises to be, and vice-versa. 
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She need to choose RIP and PPDM, in relation to the margins and 

business volume of the main business still remains of a great importance, 

although perhaps less dramatic for firms in more fortunate positions. in 

the latter cases the 'volume' of diversification program becomes a more 

relevant question as well, i. e. how much and how rapidly to diversify? 

These, of course, primarily relate to the growth rate (GR) of diversifica- 

tion demand that the firm wants to assume and secondarily, to the values 

of D IP, PIDEL, HDIL and DOST discussed in the previous section. As we 

have observed, an textensive' diversification program can quite easily 

push a favourable financial structure over the nonlinearities. However, 

such firms, in general, are in a better position to tolerate longer PPD: L 

for a better RIP. 

Therefore, once again, the situational nature of diversification 

effectiveness is evident. It, too, has the same two overall dimensions: 

the diversifying firm's situation itself, and, the diversification 

'industries, programs, and methods - all defined by the foregoing character- 

istics. In order to elaborate further on these points and the arguments 

set forth let us consider a few simulation runs as well. The results are 

given in Exhibit 8.12 and Exhibit 8.13 for the cement and HYPO cases 

respectively, and are compared together and with the Base Case runs 

presented in Exhibit 7.5 and Exhibit 7.8 for each case. These runs are for 

different values of PPDEL and H"IF, as specified, but the values of all 

other parameters in each simulation remain the same as in the Base Case. 

The values of PPDEL and I RP in the Base Cases are the same for both 

cement and HYPO and are: PPDT' = 24 (months), PIEP = 0.65 (dimension less). 

Let us start with the effects of halving PPDE, to 12 months for both 

cases. Slight change in Total Sales Revenue This rear (TSRTY) figures 

occur but more obvious for the cement case towards the end of the 

simulation time. There are two reasons for this; first is the Phase Shift 

I 
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Measure & Condition: Simulation Time (Months) 
60 96 '168 192 216 

TSRTY 
Base Case 50; 0 1510 

. 
295/0'3' 499 0 534% 

PPDEL = 12 50 148 295 510 540 
IMP = 0.475 . 50 151 297 513 552 
PPDEL = 12 & IMF = 0.75 50 147 289 462 481 
TPRTY 
Base Case 0.0 123 242 407 409 
PPDEL = 12 30 188 302 536 530 
RIF = 0,475 15 228 432 759 753 
PPD. ' u= 12 & P14F = 0.75 12 109 181 301 288 
OPROR 
Base Case -9 70 71 106 78 
PPDEL = 12 17 118 93 149 110 
RI' = 0.475 3 149 161 242 177 
PPDEL = 12 & RIF = 0.75 0.6 60 42 72 48 
ROI 
Base Case -7 74 82 127 

. 
96 

PPDEL = 12 16 117 
- 

101 166 126 
PIF = 0.475 4 146 162 284 184 
PPDEL = 12 & REIF = 0.75 2 64 56 95 68 

Exhibit 8.12 Percentage Improvements of Div'd Cement Company over the 
Non-Diversified one in Different Conditions. 

Pleasure & Condition: Simulation Time (Months) 
24.: 66: 1 96 168 192 216 

TSRTY 
Base Case 0.1 ö 31% 80jä 176% 255% 298% 
PPDE(, = 12 0.1 25 78 174 252 295 

P: IF = 0.475 0.1 25 80 176 255 297 
PPDF = 12 &R IF = 0.75 0.0 25 78 173 252 294 
TPRTY 
Base Case 0.0 -12 61 180 279 288 
PPDE = 12 0.0 12 117 235 361 374 
RIP = 0.475 0.0 -1 140 338 522 536 
PPDE = 12 & R4P = 0.75 0.0 -2 49 127 196 206 
OPROR 
Base Case 0.0 -25 1.0 14 32 16 
PPDTE, = 12 0.0 -4 34 35 58 39 
xIF = 0.475 0.0 -15 53 80 118 91 
PPDEL = 12 & IMP = 0.75 0.0 -17 -9 _8 1 -9 RO1 
Base Case 0.0 -18 20 35 57 38 
PPDM = 12 0.0 0. 5 51 54 81 59 
RIF = 0.475 0.0 -9 67 95 135 105 
PPD .., = 12 & PIMP = 0.75 0.0 -11 12 14 29 15 

Exhibit 8.13 Percentage Iraprovernents of Div id HYPO Company over 
Non-Diversified One in Different Conditions 
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(PS) caused by reducing PPDEE,. Although little, it has shown itself in the 

small sample of data considered throughout the simulation time. It is 

more pronounced earlier because the non-diversified figures in the 

denominator are smaller then, and shown for HYPO case better because the 

demand is regularly cyclic from the start. The second reason - only 

applicable to the cement case - is that the improved profits due to 

reduced PPD. L (through loops B- and C+) defer and reduce the effects of 

non-linearities in the system. Thus, more was invested in diversification, 

which led to more sales. 

The reduction of PPD: M had two effects on profit measures; Total 

Taxable Profit This Year (TPRTY), Operating Rate of Return on Total Assets 

(OPROR), and ROT: Firstly, as expected, it showed overall better improve- 

ments and secondly, it shortened the period of turnaround in performance. 

On both accounts, for the reasons given above, the effects were more 

significant in HYPO case. 

When reducing RiP to 0.475 (doubling the gross profit margin, i. e. 

(1-B. IF) of the base case), TSRTY of the cement case is not affected in 

early stages, but more improvements resulted later. The main reason for 

this is the much reduced damping of loop (B-), which again postponed the 

, 
effects of the nonlinearities. In HYPO case the contrary happened. 

Although the main business's profit margins are lower in HYPO than in 

cement, the volume of business (CSHR) is much higher, especially during 

the second half of the simulation. This means that the 'vigour' of loop 

(C+) is already high enough so that the reduced dampings of loop (B-) did 

not have a significant effect. However, the slightly reduced TSRTY improve- 

ments'of HYPO in the early stages, are due to the acts of resource 

allocation mechanism which, in this case, reacted against the much more 

increased differences in the profit margins and max. -inally deprived the 

main sector of investments. 
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'The overall effects of reducing REAP on TPRTY figures are more than 

the PPDEL reduction for both cases. But, although the period of turnaround 

in profit performance was shortened when reducing RIP, it is significantly 

less so compared with the PPDM runs. In the cement case the doubling of 

the gross profit margin nearly doubles the improvements in OPROR and ROI, 

whereas, these measures' improvements are more than doubled, especially on 

OPROR, in the HYPO case. In this case the significantly reduced borrowings 

of this run profoundly affected the results, and did so more than the cement 

case because the overall profit margins of the HYPO are closer to the cost 

of capital - which is the same for both cases. furthermore, the lower 

performance of the HYPO's Base Case, to some extent, magnifies the improve- 

ments made in this run. 

The relative and different effects of changes in PPDEL and RIP in 

various situations and times can be observed further when considering the 

third runs. In general, again, the-PPM 's reduction is more effective at 

the earlier stages, whereas the adverse effects of increasing INP come into 

the picture at the latter stages. For the same reason that loop C+ is more 

dominant in HYPO case, the increased darnpings in loop (B-) hardly affected 

TSRTY, whereas in the cement case the increased RIP and resultant dampness 

through loop (B-s was enough to hurry the inception of nonlinear points. 

The same applies to TP3TY and ROI measures. However, because of the 

already lower profit margin of the main business in HYPO case and heavy 

borrowings, the increased RIP had a devastating effect on OPROR measure. 

Overall, both the analyses of the loops and these simulation results 

consistently pointed out the importance of these factors for consideration, 

their relative importance in various situations and different times, and 

their effects on the measures of performance. While the nuunber. of 

situations that might arise in real life are perhaps limitless, the fore- 

f 
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going analyses give a firm foundation to build up more detailed analysis 

tailored to the particular situation on hand. However, more general 

statements of conclusions such as the following are helpful as well: 

i) All other things being equal, projects with lower values of RIF and 

PPDE'L are generally preferred. 

2) If the main business has either low trade volume or tight profit 

margins, or both, PMF and PPDEL become crucially important factors. 

3ý The importance of PPDI, also depends on the estimates of manufacturing 

costs and sales prices of new products during PPDM,. If products are 

to be sold for less than the manufacturing costs during this period, 

PPDEL length becomes a decisive factor. 

4ý Shorter PPDE, is more effective in earlier stages of diversification, 

whereas lower RIF is more effective in the latter stages of 

diversification. 

5) The above statements apply more vigourously to situations where the 

relative size of diversification program to existing businesses is 

high, or this sector is deemed to account for the majority of the 

total investment activities, that is if HIDT and AUADC are short and 

or GR, ARIL, DCOST are high. 

8.5 Summa. i and Conclusions 

Through analyzing the loop structure of the model we established the 

fact that all foregoing factors are important decision parameters and are 

more so in different situations. One of the keys to the changes in the 

relative importance of each factor for a particular situation through time 

is the nonlinear system of corporate decision making structure. However, 

the overall dimensions which define and distinguish z situation are the 

characteristics of the diversifying firm and the diversification program. 

Others, related to these characteristics, are the firm's relative capital 
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expenditure requirements and internal cash generating ability. 

Thus an appreciation of the nature and the relevance of nonlinearities 

in the systems and their other characteristics on the part of decision 

makers who manage and control such systems should be an integral part of 

the system appraisal which in turn is essential in arriving at strategy 

formulation and implementation. Herein. lies one of the advantages of the 

system dynamics method of system modelling and analysis, which forces the 

decision maker to think about and define his own nonlinear decision making 

behaviour, together with what it really implies in terms of the system 

characteristics. 

The dynamic and situational nature of diversification effectiveness 

were further studied. The concluding remarks at the end of analyzing each 

factor are useful for both finding suitable industries to diversify into 

and defining the pattern of relationships. Nevertheless, the emphasis was 

placed on developing an understanding of these factors' relative importance 

in various situations and different times. 

In the following chapter, we apply these basic understandings to our 

specific cement case in an attempt to formulate a suitable diversification 

strategy and appropriate policies for a controlled implementation of the 

strategy which should also serve as a case in point. 

I 
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Chapter Nine 

FORMULATING SUITABLE DIV` RSI h CATION STRATEGY MID CONTROL POLICIES 
FOR ME C-PTIR-IT COMPILNY 

9.1 Introduction 

In Chapter Seven we examined the nature and characteristics of the 

cement company's financial structure, and established that this structure 

can afford, and would be improved by a programme of diversification. In 

the previous chapter we discussed the importance and effects of 

diversification parameters in different times and situations. In this 

chapter we first attempt to define a diversification programme that best 

matches with the company's financial structure by assigning values to the 

parameters given in Exhibit 8.1. Then we turn our attention to designing 

policies that would effectively control the firm's investment activities. 

In so doing, we will further observe how complicated the diversification 

decisions and control may turn out to be, and how they may be dealt with 

by the insights gained through System Dynamics application. 

Both problems of assigning values and designing policies are 

situational and heuristic in nature, in the sense that they are solved 

for this specific situation through trial-and-error simulation runs and 

towards specific objectives. However, in the light of knowledge and 

insights gained in previous chapters we should be able to start from some 

reasonable points in the procedures that require the least number of 

trials. On both occasions we first define such points, but for the sake 

of brevity, we omit the detailed presentation of trials. 

Finally, we subject the accepted designs to further tests not only 

to make sure of the attainment of design objectives but also to find out 

what else could be learned which would be useful in for ulating and 

implementing the company's diversification programme. 
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9.2 Characterizing the Suitable Diversification 

Before proceeding with the assignment of values to the parameters 

listed in Exhibit 8.1, we should bear two important points in mind: first, 

the internal robustness of the system, and second, a sense of realism. 

The first point is of course a part of the overall design objective which 

means assigning values in such a way that they collectively make the model 

insensitive to practical estimation errors that may occur in project 

selection and are often realized during the execution of plans and 

projects. 

Although we have kept a strong-sense of realism throughout this work, 

it is even more important to continue doing so in this chapter which deals 

directly with a particular situation - that of APCM company. It is by this 

sense that we reject such a value as I1F = 40% (proportion of manufacturing 

costs to sales revenue) on the grounds that it is not realistic even if it 

appeared best suited to the model performance and improvements. 

In order to find a reasonable point to start the trial-and-error 

procedure, let us see what the value of the cyclic period (PD) should be. 

In the Base Case it is 48 months, which is generally accepted as 'average' 

for the majority of industries. Viewing equations EQ 8.1 and EQ 8.2, a few 

months error in PD should not make much difference, thus PD = 48 months 

must be both plausible and realistic. 

Still, from these equations we can calculate the gain (AR) and phase 

shift (PS) of the cement side that affects variations in capital 

expenditure requirements (EXAPR) and others, as follows: 

D CIDL 36 o, 75 P PD 4s 

1 
AR 

2 1' = 0.15 
3. 
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PS =3 Arctan (2*3.13`0"75) _ 172 Degrees, or: 

PS = 
17 2 48 

= 23 Months, by which -, lags DEMAND. 

Thus the cement sector's share of damping and phase shift on EXAFR is quite 

substantial when, of course, this sector is active. To increase stability, 

we should shift the diversification sector's variations to the extent that 

they fluctuate in the opposite direction to those of the cement sector. 

This might be done either by keeping the corresponding demand peaks but 

drastically changing the delay magnitude (H"IDEL), or by having equal delays 

and counter-cyclic demand patterns. As seen in chapter right, both ways 

have practical limitations. The third way is to create the required shifts 

by changing both I DE, and the demand pattern simultaneously. If we assume 

that the demand peaks correspond for a moment, we require a delay magnitude 

that shifts the variations in EXA1 by about 86 degrees, midway of what the 

cement sector's PS is. Using equation EQ, 8.2, we have: 

PS = 860 =3 Arctan (2-"3.14) (p ), or: 
P 

, -; 0.25 

Which gives D= RIDEL ="12 months when P= DP = 48 months. This creates 

an increased fluctuation (AR = 0.7) and, of course, PS of about one year. 

The rest of the required shift is provided by making the diversification 

'demand lag behind the cement demand by about 13 months. Both figures for 

H4DEL and DPHASE (Diversification Demand Phase Shift compared to Cement 

Demand) are plausible and realistic. 

In order to compensate for the increased Amplitude Ratio (AR) we should 

decrease the input amplitude (DAP) from ± 10%% in the Base Case to about 
± 5%, and the starting point for Growth Rate (GR) should be 12; % p. a. which, 

as seen previously, has the maximum effectiveness. Since GR has reduced 

from 15iS p. a. in the Base Case we should reduce the minimum Diversification 

Investment Level (MDIj) as well which was ¬2.0 million/M in that run. 
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However, we start with MDIL = x1.0 million/M but, as observed in Exhibit 

8.5, only substantial increases in 1-MIL affect the simulation results in 

the cement case. Based on the analyses presented in section 8.3.2, the 

pattern of payments adopted should be such that the bulk of costs of 

acquiring capacity should be paid for at the last stage: DPA = 1.0%, 

DPB = 1.00/0 and DPC = 98%. 

The reduced FIDEL suggests a reduction in Diversified Cost of 

Capacity (DCOST) from 12; the equivalent of output/capital ratio of 1.0. 

In the meantime, we have reduced DAMP, GR and MDIL which allow us to 

consider higher DCOST values. This is, of course,. besides the fact that 

the cement sector reouires little investment. Thus, the balancing value 

for DCOST should be the same 12 which must make the model 

insensitive and helps keep our sense of realism. 

Instead we reduce Projects Profitability Delay (PPDEI) to 12 months 

which makes sense with the reduced ROM. This will improve profits 

together with a quicker turnaround in the performance. Furthermore, it 

requires an increase in RIF to 0.7 and a decrease in the Average Useful Age 

of Diversified Capacity (AUADC) to 18 years. The reduced AUADC is a 

response to the cement sector's long capacity useful life. 

This new set of values (New Values) are simulated and the results are 

shown in Exhibit 9.1. \hen these graphs are compared with the corresponding 

graphs of the Base Case in Exhibit 7.4, the much improved and smoothed 

performance is evident. The cement side of business is not, as expected, 

affected at all. The capital expenditure requirements (BFR) is 

significantly lower and smoother. This helps the cashflow position to 

become favourable despite the increased ITIF, reduced AUADC, and euual 

DCOST. However, the liquidity remains so nearly to the end of the 

simulation_ time, during which period substantial L-. T debts are repaid, 

but at the end an increase in TIED is observed. Overall, lower TLTD, 

I 
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EXAFR and better liquidity improves FIIIVG behaviour significantly. The 

profitability improved as well and can be seen inhibit 9.2 which also 

compares the results with corresponding ones of the Base Case given in 

Exhibit 7.5. As expected, the figures for the total taxable profit this 

year (TT'PRTY) of this run are lower than the Base Case figures in the 

latter stages of diversification. Whereas the figures of the other two 

measures, the Operating Rate of Return on Total Assets (0PR0R) and ROI are 

significantly higher for the 'few Values' simulation run. The much 

shorter period of turnaround in profits and generally improved performance 

of this run, particularly during the earlier stages, is due to shorter 

1MDM and PPDEL, which .s discussed previously, are crucial diversification 

decision factors. Overall, then, the 'New Values' provide a good point to 

start the trial-and-error simulation runs. 

Measure ' 
and Case: Simulation Time (Months) 

6o 96 168 192 216 

TPRTY 
Base Case 0.0% 1239 242% 407% 409 6 
New Values 35 129 185 314 290 
OPROR 
Base Case -9 70 71 106 78 
New Values 27 97 94 153 116 
ROI 
Base Case -7 74 82 127 96 
New Values 24 89 91 150 115 

Exhibit 9.2: The Percentage Improvements of Diversified cement firm with 
the 'New Value s' over the Non-Diversified one as compared 
with the Base Case. 

f 

9.2.1 Final Values 

Looking back to the simulation results of the 'New Values' just 

presented, we suspect that it is possible to achieve slightly better 

performance by trying other values for these parameters. In particular, 

we may be able to stretch the firm's financial structure a bit further. 
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This we will find out through a number of trial-and-error simulation runs. 

Having the 'New Values' set,. keeping the foregoing two principles in 

mind, and in the light of observations and conclusions made in the previous 

chapters, the number of trial runs are far less than what might appear 

needed at first sight. The new set to which we will refer as the 'Final 

Values' is given in Exhibit 9.3, which is not very different from the 'New 

Values' set. The simulation results when running the model with the final 

values are shown in Exhibit 9.4 and Exhibit 9.5. 

The simulatedR of this run is significantly higher than the 

EXAFR in the previous run but has the same sort of fluctuation chaxacter- 

istics. The same is applicable to TDC, FNCIP, F1: XA, TSRTY and less 

evidently to PIPIVG. In fact, the heavier diversification program advocated 

by the final values resulted in a tighter liquidity position towards the end 

of the simulation period., but the most significant effect of all is on the 

simulated TLTD where the behaviour mode changes to a sharp and t1stepwise" 

increase during this period. Thus from mid-way through the simulation, the 

oscillations become larger and on all foregoing measures the indications 

that 'bad behaviour' has appeared and will continue is notable. 

Parameter 

1 GR 
2 PD 
3_ D_ MP 
4 DPHASE 

5 ADM 
6 DPA, DFB, DPC 
7 DCOST 
8 NDIL 
9 HIP 

10 PPDEL 
11 AUADC 

Final Values 

0.01125/month or 13.5% p. a. 
48 months or 4 years 

5% of the Base Level either way 
19 months or: 13 months lagging the cement 

DEM. M D 
12 months 
0.55%, 0.55%, 99% respectively 
£12/(a kI) or output/capital ratio of 1.0. 
£2.0 m/ M or f24 m of turnover a year 
0.7 (dimensionless) or 70% 
12 months 
216 months 

Exhibit 9.3: The 'final values' of diversification parameters. 
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Measures 
and Cases: Simulation Time (Months) 

60 96 168 192 216 

TPRTY: 
New Values 35% 129% 185% 314% 290% 
Final Values 38 144 218 372 348 
OPROR: 
New Values 27 97 94 153 116 
Final Values 29 107 94 142 97 
ROI: 
New Values 24 89 91 150 115 
Final Values 26 98 95 148 105 

Exhibit 9.5: Comparisons of the Percentage Improvements of the 
Diversified Cement Company over the Non-Diversified 
one between runs with 'New' and 'Final' Values. 

This change of mode maps over to the diversification effectiveness 

as well, which is better observed when considering Exhibit 9.5. While 

overall TPRTY improvement of the 'final values' run is higher than TPRTY 

of the 'New Values' case, the gap between them is finally halted from 

becoming wider. When OPROR's and ROI's are compared, the improvements are 

reversed nearly half-way through the simulation run, i. e. the diversifica-. 

tion with the I final values' is more effective in the earlier stages 

whereas the 'new values' diversification is more effective in the latter 

stages. 

Thus two stages are recognizable: the first 10-15 years a faster and 

heavier diversification is more suitable, during which the cement sector 

is not likely to require a lot of capital expenditures, and the second 

stage the diversification program should be constrained more or 'readjusted' 

to the new situation. The first stage is actually a transient period during 

which a single-product company is transforming to a highly diversified one, 

After this period, the company must be 'tuned' to its newly acquired 

character and set to perform in its new equilibrium. 

This adjustment and the quest for a new equilibrium is achieved by 

designing appropriate resource allocation policies, which is the task of 

4 
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the following section. However, before leaving this section, let us see 

what the foregoing analyses and conclusions made up to this point could 

possibly mean in terms of formulation and implementation of the company's 

diversification strategy. 

The heavier diversification required in the early stages for a single- 

product company, such as APCM is possible and more practical by acquisition 

as the prime method of diversifying. This means acquiring a few other firms 

already in operation in product-market areas that possess the indicated 

characteristics. The compound growth rate of such areas, for example, 

should be about 13-14% per annum with the other demand pattern character- 

istics being observed as well. Moreover, the advantage of diversifying 

through acquisition for the cement company is in fact the higher degree of 

certainty associated with . firm already in operation when it actually 

comes to estimating the values of RIDE,, PPDFL, DCOST and RIF for it. 

Higher estimation accuracy of these factors is needed, particularly in the 

transient period during which the company is rapidly. becoming diversified 

and the diversification sector is heavily dependent on the cement sector 

for financial support. However, as the company gained larger inertia and 

the synergies in technological, scientific, financial and managerial 

expertise are realized from the earlier acquisitions, the company will 

perhaps be able to take more risks which are often accompanied by the 

internally developed new product-market areas. Thus a program of 

acquiring firms operating in suitable industries characterized by the 

final values set of Exhibit 9.3 would be a better starting point for the 

situation on hand. 'T'hese could then be used as bases for establishing the 

company further in the new product-market businesses. 
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9.3 Designing Resource Allocation Policies 

The resource allocation control mechanism formulated in section 6.4.4 

consists of two parts; first, a Desired Diversity (DD) as the management's 

choice of the way that the whole diversification strategy should be 

executed. Second, two policy functions reflecting the management s 

preferences and risk-taking capacity when it actually comes to committing 

the resources to either sides of the business. These policies should be 

designed with regards to the system characteristics, as well as the choices 

made about implementing the strategy, i. e. a perception of DD. 

Thus, an explicit statement of the way a single-product business firm 

is to be transformed into a highly diversified one should be an inherent 

part of a systematic and controlled diversification strategy formulation 

and implementation. Such ways may be contemplated as to diversify to a 

certain level in the long run. Other ways are to specify. both the level 

and the time period for reaching that level, then deciding to do so either 

by taking large steps at a time, or moving smoothly throughout that long- 

term period. The choice among these different ways, or any other ways, 

depends on the present and conceived future of the diversifying firm's 

financial position, in general, and the main business's investment reouire- 

ments in particular. In the model some equations are provided for the 

above-mentioned three ways of formulating DD and are termed 'constant', 

'stepwise' and'rampwise' respectively. As expected, the 'rampwise' case 

found slightly smoothing the way that the cement company diversifies, with 

the time period being the first 10-15 years of implementing the strategy. 

The design of effective control policies comes after acquiring a firm 

knowledge and understanding of the underlying characteristics of the 

system. While the procedure is basically a trial-and-error affair, the 

understanding of the situation often helps in starting from a reasonable 
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point and proceeding in a right direction, -thus enormously reducing the 

number of trials. The understanding of the system, in turn, becomes 

possible after due analysis of the model, as has been done so far in this 

part. In order to prevent repetition we summarize the salient points that 

are relevant to the design of the policies in question. 

i) A largely inactive cement sector (so far as investment requirements 

are concerned). The degree of it, however, depends on the diversifica, - 

tion sector's requirements, but more so, on the longer-term future of 

cement demand which iss of course, uncertain. 

2) In contrast, a largely dominant diversification sector, the degree of 

which tends to be on the increase as time progresses. 

3ý A 'non-lineart decision-making structure particularly regarding the 

financing of capital expenditures - that switches from the internal 

sources of finance to the external ones, with amplification tendencies - 

and related to or dependent on the driving forces of the model. 

Furthermore, the loops containing these non-linearities are generally 

slow-acting ones. 

Next, we have to define as precisely as possible, what we expect the policies 

to do. This again is based on the knowledge obtained through the analysis, 

, 
as well as the overall objectives of the design exercise. The latter is 

generally sought by system and policy designers and could briefly be named 

as system robustness and improvements. However, the designed policy should 

be logical and sensible as well. More precisely, in our case, we want 

policies that: 

a) In the case of reasonable changes in the underlying cement demand trend 

in future, i. e. the future cement scenarios, the company will still be 

able to implement its diversification strategy without depriving the 

cement sector of its required investments whiCh is, after all, its main 

business. 

I 
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b) No drastic change of behaviour occurs from making practical errors in 

estimating diversification projects' parameters. 

c) Reduce the amplification in L-T borrowings which is caused by the 

heavier diversification program, as seen in Exhibit 9.4. 

Armed with the foregoing points and objectives we can start re-shaping 

the original policies shown in Exhibit 6.4. At the end, we should have a 

rather clear mental picture of the general shape of the policy together 

with its likely position on the plane. The more precise particulars of 

the policy are found by trial-and-error simulations. 

The resultant policies and the original ones are graphically shown. in 

Exhibit 9.6. As seen, the final policies are reached by slightly shifting 

and rotating the original policies to the right and anti-clockwise 

respectively. This shift to the right is made in view of points 1 and 2 

above, as a provision against the dominance of the diversification sector. 

The shift in T"i curve is less than II curve because the value of DAR - 

with rampwise desired diversity, DD -» can often fluctuate about 1.0, and 

if the policy was sharply responsive around that area, it might have caused 

instability in the system. Whereas SRIR is smooth and slowly changes in 

one direction. Furthermore, a RM value is the chances of a diversifica- 

tion project with a particular profit margin - which is compared with that 

of the main business - to become accepted. Due to more risks and 

uncertainties often involved in diversification, decision makers hardly 

give equal chances to the projects of the main business and diversification 

unless the difference between the margins is enormous. 

The anti-clockwise rotation of the original curves is to reduce 

fluctuation and amplification. In the foregoing run of the model with the 

'final values', the value of SR1R starts at about 1.0 and decreases to 

about 00.7 at the end of simulation. The Diversity i: u. ior Ratio 'DER) 
, 

meanwhile, becomes less than 1.0 towards the end of simulation and 

I 
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fluctuates to the minimum of about 0.6. The steeper slopes of the new 

curves in these regions are to activate the control mechanism more strongly 

in preventing the amplification which occurs during the same period. The 

steepness in these curves will not make the model unstable because the 

loops involved are slow-acting ones. 

We balance the company's commitment to diversification and its need 

to remain in the cement business by introducing the curvature at the ends 

of the final policies. Taken together, then, the resulting policies have 

the overall shape of a logistic curve - or parts of it. Farther refine- 

ments, as mentioned earlier, are made by successive simulation runs -- which 

proved to be a few only. 

bb/hen running the model with 'final values' and designed policies, an 

all-round better performance is simulated. These are shoim in Exhibit 9.7. 

In the latter stages, lower and more stable TDC, RICIP and EXAFR resulted. 

The liquidity position improved a lot, but the most significant improvement 

is in simulated TLTD . This leads to improved profit performance. The 
i 

improvements in profitability can be better observed in Exhibit 9.8, where 

the similar figures for the presented simulation runs of 'new values' and 

'final values' cases are also given for making comaprisons with this run; 

"Final Values and Policies'. Because of the lesser investments made in 

diversification towards the end of simulation in this run, Total Taxable 

Profit This Year (Tt. TY) figures are slightly lower than the corresponding 

ones in 'final values' case during this period,. but are significantly 

higher throughout when compared with the 'new values' case. This is not 

so when Operating Rate of Return on Total Assets (OPR03) and HOI measures 

are studied where generally better improvements are made by this run. 

* Another simulation of this run with longer LJ TG i showed that the 
performance continues in the same mode exhibited by the model after 
TIDE = 200 m. in Exhibit 9.7. 
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Measures 
and Case: Simulation Time (IN: onths) 

6o 96 168 192 216 

TPRTY 
New Values 35%a 129% 185% 314% 290iä 
Final Values 38 144 218 372 348 
Final Values & Policies 38 144 218 369 345 

OPROR 
New Values 27 97 94 153 116 
Final Values 29 107 94 142 97 
Final Values & Policies 29 107 98 149 122 

ROT 
New Values 24 89 91 150 115 
Final Values 26 98 95 148 105 
Final Values & Policies 26 98 98 154 123 

Exhibit 9.8: Percentage Improvements of the Diversified Cement Company 
in Different Cases Over the Non-Diversified One. 

In this run smoother CSRAT (diversity) also resulted. 

Therefore, the designed policies have fulfilled some of our require- 

ments. The others, relating to sensitivity and robustness, are dealt with 

in the following section when we'present the results of some more simulation 

test runs with the adapted values and policies. 

9.4 Further Tests 

This section is devoted to a brief discussion of the results of two 

different kinds of simulation runs: First, a series of runs are carried 

out with an increase/decrease of more than 10; % in the 'final value' of each 

parameter while the others remain the same. Second is a simulation run of 

the model with the future cement gro'rth scenario (described in chapter seven). 

While these simulation runs should indicate the robustness of the designs, 

they also give additional insights helpful' at implementation stage. 

9.4.1 Tests With Diversification Parameters 

The general nature of any increase/decrease in the value of these 

parameters for different situations was analyzed in the previous chapter. 
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However, for our specific cement case together with the final set of values 

and policies, further tests are required to find out which factors are 

more important than others. These should give good guidelines, 

particularly in the practice of selecting diversification projects. 

The simulation results for a number of such runs are given in T chib1t 

9.9 where the values of few representative variables at the end of 

simulation time (TIP: = 240) are shown. Each run is defined by a 

'condition' trhich is the value of a particular parameter in that run. The 

run numbered 1 is the same one discussed earlier and its fuller results 

were seen in Exhibit 9.7 which serves as the basis for comparison. 

Despite the large-sizes of errors (± 11.;; minimum to maximum of ± 50 

changes) that are tested in these runs, the behavioural characteristics 

remain the same on every. occasion. Concerning the numerical results, this 

is also true for runs with DiNP, DRiASE, and NDIL errors. However, 

changes-of this kind are slightly more pronounced for runs with GR, RID M59 

DP's, PPM M, and AUADO. A 25% increase in F"TD'EL value in Run 7, for 

example, creates a small and uniform shift throughout the simulated 

behaviour. The same applies to Runs 15 and 16 with PPDEZ, but they have 

more effects, particularly on TP. TY to which it is directly related. on 

the contrary, the quantitative effects of an -increase/decrease of GR are 

not the same throughout the simulation run, where the gap between 

performances of Runs 2 end 3 is widest at about the middle of simulation 

time, but is closing up towards the end, which is a further indication 

that the structure and particularly the policies, are functioning well. 

Nevertheless, more significant changes occur in simulated results 

of Runs 9,10,13 and 14 with changes in 3X 0ST and RIF. Although the 

quantitative results are affected, not the performance behaviour, the 

relative importance of these factors still remains high. ;: Then WOST -? Q 

(output/capital ratio of 1.2 -a 201, ',, increase), not surprisingly better 

I 
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Simulated Values when TIPIS = 240 (Fl) 

Ruri Nos Conditions: TDC FIXA TLTD TPRTY OPROR ROI 

1 Final Values 
and Policies: 41.79 495.9 21.42 125 17.98 18.18 

2 GR = 12%O p. a. 39.79 478.7 3.2 115 18.1 18.19 

3 GR = 15% p. a. 41.88 495.5 17.58 125 17.7 17.92 

4 D. FlP = 0.06 41.79 495.9 21.42 125 17.98 18.18 

5 DPaASE = -15 41.79 495.9 21.6 125 17.96 18.18 

6 DEFUSE = -23 41.79- 495.9 21.3 125 17.99 18.18 

7 g"iEL = 15 41.54 493.5 19.42 124.5 18.0 18.21 

8 DP's: 10,10,80% 41.81 497.3 23.8 124.9 17.93 18.15 

9 DCOST = 10 45.87 460.4 3.2 139.4 19.54 19.57 

10 ROOST = 14 37.15 510.8 44.25 107.9 16.12 16.54 

11 14DIL = 1.0*106 41.79 495.9 21.42 125 17.98 18.18 

12 1IIDIL = 3.0*106 41.79 495.9 21.42 125 17.98 18.18. 

13 Pip= 0.65 49.12 577.2 15.65 163 21.0 21.2 

14 RIF = 0.75 35.26 426.0 13.17 91 15.2 15.37 

15 PPDFL = 10 42.0 501.9 19.99 127 18.12 18.3 

16 PPDEI., = 14 41.58 490.1 22.92 122.5 17.84 18.0 

17 AUADC = 192 40.53 498.5 26.1 120 17.48 17.73 
18 AU-ADC = 240 42.83 493.6 17.62 129 18.38 18.55 

Exhibit 9.9 : Summary of Different Simulation Runs with 'Final Values and 
Policies'. 

f 

performance with improved liquidity position results. The fact that the 

behavioural aspects have not changed is inferred by considering that the 

percentage improvements in the values of the given measures in Eyhibit 9.9 

are far less than the 20% increase in the output/capital ratio, with the 

TLTD exception. However, the larger reduction in TLTD is, of course, 
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welcomed. But the increase in TLTD in Run 10 is not amplified as much. 

Exhibit 9.10 further shows that the underlying behaviour of TLTD remains 

the same despite the increases in its values. Thus the designed policies 

are capable of controlling the system properly where it matters most. 

The same sort of importance is attached to PIF, together with the 

same conclusions about the designed policies. In Runs 13 and 14 when 

increase/decrease of 5% in HIP (about + 17 error in profit margins) are 

simulated, for all the measures the percentage improvements of increased 

profit margins are higher than the disadvantages of reduced profit margins. 

The more profound effects are, however, on TPRTY measures which receive 

both the effects of changes in the Total Diversified Capacity (TDC) and 

TLTD. The importance of WF lies with the fact that any change of its 

value shifts the relative attractiveness of diversification projects, and 
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this, through the resource allocation control mechanism, affects invest- 

ments - which is in addition to its more direct cashflow effects. 

Therefore, in the cement case, WF and DCOST have the highest 

importance among these factors, followed by GR, Pt4DEL9 PPDEL, and AUADC. 

The least important factors are found to be MDIL, DPHASE, DPNP, and the 

pattern of payments, DP's. These conclusions should be helpful in 

defining the areas needing most attention when implementing the strategy 

and in choosing diversification projects. Nevertheless, the changes in the 

numerical results of the different runs in Exhibit 9.9 are mostly trivial 

which suggest that the adopted values and policies collectively ensure the 

robustness of the system. . 

9.4.2 Test with Growth Scenario 

The values assigned to diversification parameters and the designed 

policies were mainly. based on the analysis of the model simulations with 

the constant scenario. The constant scenario is a 'surprise-free' one, in 

the sense that if it happens to be the case in the future it would not 

surprise the people involved in the cement industry. Next to this scenario 

is the likelihood of the Growth Scenario. However, another way of looking 

at the Growth Scenario is through management's deliberate action to make it 

materialize. This may be possible through further geographical diversifi- 

cation in the cement business outside the U. K. markets. In any case, it 

should be interesting to see how the designed system would cope with the new 

situation created by the Growth Scenario, and what else could be done? 

The simulation results of such a case are given in Exhibit 9.11 and 

Exhibit 9.12. The cement side of the business received all its required 

investments, as a result, the simulated performance of its production and 

inventory are exactly the same as given inhibit 7.2(a), thus, it is 

dropped from Schibit 9.11. However, the increased investment in cement is 

- 224 - 



20 601 7001 too 1 

17. 600. 
J 90 

50 g. 80 
- 15ý SQQ ý 

70 

12.5 
0.1 I 

400 .J I 60 

lo 
j 

30j 300 50 
1 I I 

40 
7-5, 

2o4 
200 

I 30 
5ý 100. 

I 20 
10ý 

2.1 5{ 01 

I 10 

Q. 
1 

0J 
I 

100.1 0 

X106 X1 06 1X 106 O. a 20 

I - 
rocC 

`- - _-CAlP 

XfIFR 

ti/n) CURRENT DIVERSIFIED CErcNLINON-CEREENT) 
(E/M) TOTAL DIVER51FIED CnPRCITY_ 
(TT/fl) CAPACITY IN PROGRESS ICEr, 14T) 
ti/M) DIVEPSIFIED CD°DCITY IN PROGPEG 
ti/M) EXPANSION ACTIVITIES FINANCIAL REOUIRECENTS 

(b) 

8001 400 tj 400 T 2000 

700 L 350 
350 

175 

300 4 

600 300 1500 
250 

500 250 .I 200 

400 ti 200 150 tooo I 

, 

300 150 
100 

J 

753 

200 y 

100 5Q 
-50 

25c - 
l I 1 

I 
ý "t.. t.. ý. -.. ý" 

/ 

0 O. l 100 .. ll o 

X106 : IK 10s x105 ) 106 
0.0 20. 40.60.90.100.120.140.150.18G. 200.220. 
I ( I (Hl MONTHS. SIHULRTION TIME 

IL 
I F"IXR (i) FIXED FIG SETS 

- TSRTY (i) TOTAL S'ILES REVENUE THIS YEAR 
- = NCAS (i) NET CUP,; E'7T A57ET5 

C6LRNCE (ii C; SH PLANCE / 
` -"- ' -" - TLTD (i ) TOTAL LONG--%R11. OE5TG 

-- ------------------------------------F I NVG (i) FORECAST INYESTflENT GAP 

Exhibit 9.11. GROWTH SCENARIO. FINAL VALUES d POLICIES 
. MODELLING CEMENT-DIVERSIFICATION DYNAMICS 

- 225 - 

(H) MONTHS, SI1ULOTION TIME 



Values at TI = 240 

Scenario: TDC FIXA ThTD TPRTY OPROR ROI 
n/m Em Lin n 50 

Constant 41.79 495.9 21.42 125 17.98 18.18 

Growth 50.36 642.2 65.9 153.9 18.78 19.479 

((Growth/Constant)_1)*100 20% 29% 207; 23% 4iß 7% 

Exhibit 9.12: Comparison of the Diversified Cement Company's Simulation 
Results of Tlt^ 240 with 'Final Values and Policies' for 
Constant and Growth Scenarios. 

evident from the behaviour of CA. IP. The Growth Scenario has brought about 

increased volume of cement business as well, which led to better profits and 

more available money for investment. Hence, the investment activities of 

the diversification sector increased as shown by TDC and PFMICIP, and, despite 

the increases in capital expenditure requirements, the underlying behaviour 

of EXAYR is not changed and its fluctuations are very much contained. 

The overall liquidity position is not changed either, when compared 

with the constant scenario run of Exhibit 9.7. Nevertheless, the tight 

cashflow continues longer to the very end when it starts to improve*, and, 

of course, with it TLTD begins to drop after a period of being stable and 

close to its original levels at the beginning of simulation. In all, the 

need for externally financing of investments is reasonable and its period 

is short. The profit performance is improved too, which has led to the 

firm's assumption of more ability to finance new investments measured by 

MTVG. 

'T'herefore, the company and its diversification strategy would actually 

benefit from a light expansion strategy in its cement activities. That is 

This is not clearly seen in Schibit 9.11. A simulation run with longer 
LII1G H showed that the rise in CBLANCE and the fall in TLTD starts at 
about Time 240. 

I 
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to say that the company should implement two strategies simultaneously: 

the diversification strategy whose particulars were discussed earlier, and 

a geographical diversification strategy in its main business; cement. 

The chances of following the second strategy as well'(on much smaller 

scales, of course) are increased when considering the generally growing 

world wide cement trade and consumption, as discussed in chapter 3. 

Moreover, ÄPCM have been largely successful in winning large export orders, 

the setting up of overseas subsidiaries, and so on, despite the rather 

severe international competition of recent years. Our view is that these 

activities could and should continue and even be stepped up alongside with 

the diversification program. 

In much the same way as for the tests carried out on the parameters' 

values, there is another side to the simulation run just described. This, 

perhaps more technical side is related to the concept of robustness. While 

the former set of test runs gave us an idea about the internal robustness 

of the model against parameter estimation errors, this run indicated its 

robustness against the inflicting changes in the environment. The basic 

behavioural characteristics depicted in all presented graphs throughout 

this chapter are repeated when the model is run with other assumptions about 

the changes in the environment. While this was amongst our requirements for 

accepting the designed policies, the system robustness is inherently a major 

objective of any SD modelling and considered from the early stages of 

developing the model. 

I 
9.5 Summary and Conclusion 

This chapter dealt with the last two purposes of the model, namely; 

the characterization of a suitable diversification program, and, the design 

of resource allocation policies, both tailored for the specific situation of 
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APOM company. We fulfilled these purposes by carrying over the understandings 

and. insights gained through the analyses of the previous chapters. The 

approaches taken in arriving at the final values and policies were found to 

be quite helpful and can be used for handling other situations. 

It is found that the company should diversify faster and heavier in the 

immediate future initially through a program of acquisitions. The guide in 

choosing firms and industries for this purpose is the 'final values' set. 

This program should be followed gradually, perhaps during the next-10-15 

years. Alongside the diversification strategy, it is advisable that the 

company follows an expansion program in cement, possibly outside the United 

Kingdom. 

To ensure the successful implementation of the strategies suitable 

control policies were designed. The main feature of these policies is that 

they are somewhat biased towards the cement sector. While this makes a lot 

of sense, the policies generally reflect the underlying characteristics of 

the system and can effectively control it. So far as their adoptation in 

practice is concerned, the above-mentioned main feature is that that really 

matters and their fine details are not of particular importance. 

In a series of simulation tests that followed, the designs were found 

to be robust, both against practical mistakes in estimating parameters during 

the strategy implementation and in the face of changes induced by environment. 

These tests also revealed priorities and emphasis that should be placed upon 

some parameters, both when estimating their relevant values for different 

projects and during the execution of plans and projects. 

Thus, in both areas of diversification, namely; its formulation and 

implementation, our approach revealed some complex and important issues that 

the conventional analyses do not. Furthermore, we developed a firm under- 

standing of them and therefore could suggest the proper actions that should 
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be taken on both occasions. Indeed, such insights as the changing 

diversification effectiveness over the firm's history and the fact that it 

varies with the dynamic characteristics of both the firm and the industries 

into which it wants to diversify are the keys to successful diversification. 

It was through the foregoing analysis that we could also conclude the need 

and importance of choosing the right targets and industries, together with 

showing the ways and means of defining them. In the following chapter we 

discuss these conclusions in terms of the present study's overall objectives 

and the implications of these conclusions, particularly how these might be 

adopted in practice as an integral part of a systematic approach to 

corporate diversification. 

I 
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Chapter Ten 

CCNCLUSICNS, IMPISCATIONS, AND FUTURE WORKS 

10.1 Introduction 

At the outset we presented several current issues related to the 

theory and practice of strategy formulation and implementation in general, 

and diversification in particular. j'1e argued that the theoretical 

concepts that basically developed in association with the case study 

method during the periods of relative environmental calm of the 1950's 

and 1960's have substantially lost their relevance in dealing with the 

complex strategic issues of today's businesses which not only operate in 

a turbulent environment but also become increasingly exposed to it. Erle 

also argued that now that management literature has woken up to the 

recognition of feedback loops in managerial processes, it can cull their 

real significance to advance relevant conceptual frameworks and to 

improve practice. For these, we expected that the application of SD 

methodology and its aim to investigate the complex feedback loop structures 

of socio-economic systems would be greatly helpful in providing an under- 

standing of these complexities and designing controlled and robust 

structures. However, while these could rightly be the common objectives 

of a series of related research projects, we confined the present study's 

fundamental objectives to the strategic issues of diversification and in 

relation to a specific case of a diversifying company. Nonetheless, by 

doing this research, we hoped to demonstrate how the application of SD 

methodology can complement and enhance (perhaps 'update' is a better word) 

the theoretical concepts and conventional analysis, making them more 

relevant to the contemporary needs of practice. 

Me detailed conclusions are given and enumerated in the appropriate 

passages in the previous chapters in this part of the thesis. In the 

i 
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following section we briefly examine these conclusions in terms of this 

study's overall objectives and mission. Then discussions of the 

implications of these conclusions to both theorists and practitioners are 

followed by suggestions about the future works in this area. 

10.2 Conclusions 

10.2.1 Conclusions on Diversification Effectiveness 

The dynamic and situational nature of diversification was discussed 

and we concluded the long-lead-and-lasting effects of diversification. 

We found that it is the delayed and varying effects of diversification 

that may complicate the assessment of such strategic decisions on the part 

of the decision makers. Herein lies one of the virtues of SD application 

as the way both to assess the system's characteristics and dynamic 

properties on one hand, and to predict what to expect from a 

particular diversification move in terms of these characteristics. By 

analyzing the simulation results, the loop structures, the gains, delays, 

polarities, and nonlinearities, we have seen how much we can learn about 

the dynamic properties of the system such as its behavioural mode, its 

response and settling times, and its vulnerability and robustness. Through 

these understandings we could both formulate the appropriate strategy and 

policies, and explain their effectiveness. 

Thus, herein lies the complementary nature of this study as well. 

The classic concepts of 'environmental appraisal' and analyses of the 

firm's 'strengths and weaknesses' are extended to include the system's 

dynamic properties and its robustness. As such, Tie extended the classic 

notion of 'related business mix' to 'matching' the dynamic properties of 

the business in the mix. As we have shown, these are potentially 

effective concepts for formulating and implementing diversification, i. e. 

the introduction and adoption of change which is the very task of strategic 
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planning. However, the crucial differences are that our approach emphasizes 

the understanding of the current state of the system including its 

behavioural properties and predicts its developments in the face of 

turbulent changes, such as the ones experienced in the 1970's, then, 

viewing these insights, it takes an appropriate course of action. 

10.2.2 Conclusions on Diversification Decision Factors 

The importance of both conventional and delay factors -ras examined in 

different times and situations and found an effective means for formulation 

and controlled implementation of diversification strategies. The delay 

factors in particular are found to be helpful in explaining the diversifi- 

cation effectiveness, as they are closely related to the dynamic character- 

istics of a system. Hence, we concluded that these factors should be 

considered as well when analyzing situations and in relation to the 

contingency views. Furthermore, as demonstrated, these factors are easily 

modelled and analyzed in System Dynamics. 

10.2.3 Conclusions on Strategy and Policy Formulations 

Throughout the previous chapters of this part, especially in Chapter 

Nine, we observed how complicated a thorough formulation and controlled 

implementation of diversification strategy might turn out to be. 1)hßle 

the underlying cause of these complexities was found to be the dynamic and 

situational nature of diversification effects - which, of course, relates 

to the characteristics of the diversifying firm - there were also found 

several related issues and questions that have to be answered simultaneously. 

These are pertaining to the determinant of appropriate pattern of 

deployment; long term suitable diversity targets; defining suitable 

industries and methods of diversification that match with the deployment 

and satisfy the targets and overall objectives; establishing project 

selection criteria, and designing control policies for implementation. 

f 
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Here again lies the merit of SD modelling, not only for gaining an under- 

standing of these issues, but also for finding answers. As demonstrated, 

SD methodology is adaptable to heuristic procedures and facilitates 

solutions through its predictive quality. 

Despite the fact that these issues were addressed and resolved for 

APCN company, they are applicable to other cases as well. Their complexity, 

nevertheless, stems from both the changes over the company life cycle, 

which require different actions at different stages, and the need for 

finding answers in relation to the diversifying company itself. As shown, 

the solutions we found for APCT from the method of diversification to 

project selection criteria ('J. inal Values' list) and control policies were 

all invariably analyzed and concluded in relation to the current state of 

the system and its likely developments through time. The conventional 

methods do not formally introduce these notions of dynamics and relatedness 

to the analysis, and often leave it to the management's intuition and 

judgement. In section 10.3.1 we shall describe further the possibility of 

introducing these notions as a matter of procedure in a systematic approach 

to diversification with the aid of SD simulation model. 

10.2.4 Conclusions on the Overall Study Objectives 

Taken together, then, the present study has achieved its fundamental 

objectives. Despite the fact that we have addressed the diversification 

issues for a particular company, the study is indicative of the analytical 

power and advantages of SD methodology application to strategic issues. 

This is true especially when bearing in mind that the analyses of nonlinear 

decision structure, open system phenomenon, dynamic behaviour, and 

situational requirements - which are the common thread of today's business 

organizations, and perhaps their analyses are needed now more than ever 

before - were the corner stones of our approach here. Indeed, the analysis 
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and understanding of these phenomena and their kindred concepts such as 

behavioural modes, robustness, and controllability should be considered 

the core significance of recognizing feedback loops in managerial 

processes. The application of SD methodology not only facilitates these 

analyses and brings about valuable insights, but can also potentially 

lead to a better formulation'of strategies and the design of control 

policies in practice. 

10.3 Implications 

Throughout this study we kept two groups of individuals in our 

audiences: the first group which stems from the practical side of this 

study, are practicing managers; and the second group, related to the 

theoretical side, are researchers, writers, and academics in the field. 

For each group, the present study has a number of implications which are 

discussed briefly in this section. 

10.3.1 Implications for Practitioners 

The managers of diversifying firms in general, and AR M4 managers in 

particular, should find the whole study of special interest. However, 

some of the points raised are at the conceptual level that should be borne 

, 
in mind in their practice. These are the conclusions about the nature of 

diversification decisions and their effectiveness, and the implied needs 

for understanding and learning about their systems, dynamic characteristics, 

thinking in terms of system robustness and through time, setting clearly 

defined diversification targets and choosing diversification projects in 

relation to the system's characteristics, and for improving it. 

Besides the foregoing points, the present study implies procedures 

that could be integrated into strategic planning and review functions, as 

Well as establishing a practical Sys tema t: ic approach to divers 
. 
ýicat-. on. 

Such approach starts with two decisions on the part of manaagement. One is 
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concerned with the sort of capital structure that is desirable in the 

sense that it would be acceptable to capital market. This leads to 

establishing the firm's potential ability to raise funds externally. The 

second decision is concerned with establishing the longer term Desired 

Diversity (DD), that is to define the way the firm should diversify 

together with the extent of diversification which is conceived to result 

in an overall stable performance. This in turn leads to defining the 

growth rate of the diversification sector of the business. Having under- 

stood the firm's characteristics through System Dynamics application and 

with the aid of the model, these decisions are made more objectively. 

Next is the periodic review and analysis of the investment gap. This 

requires analyzing the current and likely future developments of the firm's 

deployment pattern and the potential cash to be generated internally over 

the planning horizon, given the foregoing growth rates. The investment 

gap is then an estimate of discretionary funds which must be allocated to 

each sector for investment. Here we urged the need for control and 

formulated a mechanism for doing so. It is based on the diversification 

objectives and each sector's relative profitability. While these bases 

are found to be sufficient grounds for effectively controlling APCH's 

growth, the mechanism is essentially open-ended in the sense that other 

criteria can be easily introduced to it, if the situation so required. 

The relevant control policies are then designed, which are, in effect, 

the way the decision-maker ought to react to discrepancies appearing 

against each criterion, in continuously taking corrective action. 

However, a list of industries as potentially suitable candidates for 

the firm to diversify into should be prepared. With the aid of the model, 

the overall characteristics of such industries are determined and recorded 

in quite the same way as in the previous chapter, which led to preparing 
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the 'Final Values' in Exhibit 9.3. This list is then used as a searching 

guide amongst industries. Using the classified industrial categories and 

the searching guide list, a list of seemingly suitable industries is 

compiled as the first approximation. This is done by rejecting the 

industries whose characteristics are significantly different from the ones 

sought. The reason for compiling this preliminary list is that not all 

characteristics are readily found in the government statistics. 

For the individual entries in this list, which now has a manageable 

number of candidates, more detailed characteristics are sought or 

estimated. The list is reviewed again, this time searching for industries 

with reasonably close characteristics to the ones in the searching guide. 

Here the emphasis should be on utilizing the insights gained through 

sensitivity analysis as to the importance and priorities of each parameter 

as well as considering the relatedness of industries for possibilities of 

making synergies in production, marketing, and distribution*. However, the 

final list of suitable industries is then used for initiating diversifica- 

tion projects. 

The searching guide list is periodically updated to account for changes 

in the firm's strategic posture and product-market scope, and is used for 

choosing projects within the existing scope, or new industries during each 

period. 

If the choice appeared difficult to make, the search may continue system- 
atically by assigning different weights to each parameter in the searching 
guide list in the order of their priorities and relative importance as is 
established through sensitivity analysis. The individual parameters in 
the preliminary list are also ranked in reverse order of their deviations 
from the searching guide value. The industry with the largest sum of the 
multiple products of these two weights is considered the most suitable 
candidate. 
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10.3.2 Implications for Theorists 

The present study has several implications for the researchers and 

writers in this field. For those who primarily utilize statistical models 

and experimental designs it offers guides and cautions regarding the 

measures of diversity and performance, data sources and collection, and 

the time periods of considerations. In the last three chapters, in 

particular, we observed the different effects of the same diversity on 

various measures of performance which also varied over different time 

periods. Besides suggesting to make sure the random effects are present, 

we recommend the collection of annualized data for the same measures for 

every company in the sample over a sufficiently long period of time. 

Furthermore, for this group of researchers, the conclusions of this 

study imply the sort of data to seek and collect, and help them in 

formulating their hypotheses. We showed the importance and effects of 

several diversification decision factors which have not been considered by 

empirical studies. These, 'then, can be the basis of data collection and 

hypothesis formulation for such studies. 

In addition to showing the need for including delay factors when 

defining situations, many. conclusions of this study are situational 

; statements which are useful-for building the "pattern of relationships" 

that is fundamental in the contingency approach. 

The study also implies the possible uses of SD modelling for defining 

distinctive dimensions as the basis for finding the situational relation- 

ships. However, we emphasized the need to provide the decision-maker with 

basic insights as to the analysis of the situation and situational 

relationships, and recommended the means for acquiring such understandings. 

We believe, once the decision maker has acquired these basic skills, he can 

develop his own "If ... then" statements to suit his own practice. Besides 

4 
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the simplicity and practicability of this approach, its greatest 

advantage is its adaptability to the changing pattern of relationships - 

that is the notion of facing the "flow of situations" through time. 

Finally, the present study has inherent implications for researchers 

applying SD methodology. Besides the fact that this study is another 

experience in the application of System Dynamics from its approaches to 

the problems and model formulations to the analyses of the model, overall, 

the conclusions should encourage the researchers for further attempts. 

However, as a perspective on this experience, we found that both the 

modelling process and its analysis offered us a very good opportunity to 

understand the concepts and complexities' of policy making. As such, it is 

worth noting that the bulk of potential contributions of SD application, 

nonetheless, stemmed from the analyses of the model itself. 

P-4 Future Works 

The present model could be modified to accommodate the specific 

industries that APON diversifies into for the purpose of using it in 

conjunction with the company's planning activities as described earlier. 

A series of. research projects might also be planned and carried out based 

on the present study's conclusions. The incorporation of other strategies, 

in particular, seems very promising indeed. That is to model a company 

diversifying into known industries, but which is facing a more challenging 

environment in its main industry. Whilst the case in our study has an 

acute under-deployment of resources, thus a genuine cause for diversifica- 

tion, not all diversifying firms are in such a positicn, and may even, as 

suggested by some writers, diversify to escape from the challenges in their 

main industries. Such firms often have to follow several strategies 

simultaneously. Such strategies, say pricing and marketing, 'competes with 
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diversification for resources, with a major difference in that their time 

durations are shorter than diversification, and the nature of their 

treternst and effectiveness is different. Now that we know the net 

effects and dynamics of diversification, the diversification decision 

factors and their importance, and have established a basis for resource 

allocation control mechanism formulations, we can take them as granted in 

the new models but put more emphasis on variables such as market share, 

prices, product quality and competition. The questions would be, how to 

balance between the requirements of these sectors, and when the emphasis 

should shift from one to another - that is the balance between short and 

long term objectives. However, it is advisable that such models should 

be built for diversifying firms with emphasis on only one or two such 

strategies, otherszise the level of complexity might increase rapidly to 

prevent a thorough analysis of the models. 

Thus, some of the decision factors in the present model can then be 

changed to variables - as the case might be. New sectors formulating the 

new strategies would be introduced with the appropriate reflections on the 

other parts of the model. The analyses of the new models of different 

situations can then contribute to the completion of a strategic pattern of 

; relationships started with this study. The present researcher aims to 

continue along these lines in the future as he sees a great potential in 

applying System Dynamics methodology to different aspects of strategic 

management. 

9 
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Appendix 2-A 

List of some of the more important studies 
on Strategy Formulation 

Here axe some of the major studies concerning one or more aspects of 

strategy formulation. This list is not by any means comprehensive, but 

contains some rather famous research studies which are responsible for the 

developments in the theory and practice of organizational strategy: 

1. The Utility of Planning: 

I) S. S. Thune and R. J. House, "Where Long-Range Planning Pays Off? " 

in; Business Horizons, August 1970. 

II) D. M. Herold, "Long range Planning and Organizational Performance" 

in; Academy of 2 anagement Journal, March 1972. 

III) H. I. Ansoff, et al, "Does Planning Pay? ri"he effect of Planning on 

Success of Acquisition in American Firms", in; "Long-rRange Planninr 

December 1970. 

The above studies seem to suggest that the planning is a worthy exercise to 

do. 

2. The Nature of Organizational Strategy 

I) H. W. Henry, Long-Range Planning in 45 Industrial Companies, 

Printice Hall, E lewood Cliffs, N. J., 1967. 

II) R. J. Litschert, "Some Characteristics of Long 'fange Planning: An 

Industry Study", in; Academy of Management Journal, September 1968. 

These studies in general concluded that the components of strategy for 

single, dominant, and related products business firms axe: a) present and 

planned geographic and product market scope; b) present and planned 

distinctive competencies and competitive advantages; and c) present and 

planned synergies. 

I 
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III) N. Berg, "Strategic Planning in Conglomerate Companies" in; 

Harvard Business Revietr, May-June 1965. 

where the components of strategy in such companies consists of a corporate 

purpose, an overall growth policy particularly with respect to further 

acquisitions and a financial policy especially regarding the flow of funds. 

3. Organization of Planning; Process 

I) H. E. Wrapp, "Organization for Long-Range Planning", In; Harvard 

Business Review, Jantiaa_-y-February 1957 

ii) R. P. Vancil, et al. (eds. 
, Formal Planning Systems. Annual Reports 

of Formal Planning Systems Research Project, 1968-72. Division of 

Case Distribution, Harvard Business School, Boston, 1968-72. 

III) C. A. Steiner, Pitfalls in Comprehensive Long-Tange Planning. The 

Planning Tecutive Institute, Oxford, Oh., 1972. 

These studies call for general involvement of top management into the 

strategic planning process and showed that these activities are conducted 

at divisional levels as well as corporate level. 

4. The Content of I -affective Business Strategy 

I) M. Chevalier, "The Strategy Spectre Behind Your Market Share", 

European Business, Summer 1972. 

This study examined the impact of market share on firms' profitability in 

three American industries: cement making, cookie manufacturing, and 

automobile industry. Chevalier found a positive logarithmic correlation 

between market share and profits. He concluded that in industries with 

little or no technological transfer and little segmentation based on 

consumer needs, firms should: 1) Dominate the market segments in which 

they operate, 2) Divest in market segments when their market share is 

small and further growth prospects are low, and 3) Seek to be dominant in 

I 
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ä small market rather than be a follower in alarge market. 

II) A. Cooper, E. Demuzzio, K. Hatten, E. Hicks, 0. Tock, "Strategic 

responses to Technological Threats", Academy of Management 

Proceedings, The Academy, Boston, Mass., 1973. 

This is a rather famous work and studied the ways that fifteen leading 

firms in five established industries responded to major technological 

threats. Among their tentative findings are: 

The new technology did not substitute the old one immediately, 
in fact, the sales'of the old industry continued to grow for 
at least two years. 

- The first introduction of the new technology was made by a 
firm outside the old industry, and fourteen of the companies 
studied made efforts to participate in the new technology. 

- Major commitments to enter the new technology at its early 
stages of development were often unsuccessful. 

- Often the traditional firms were not very successful in 
establishing themselves in the new technology. 

III) S. Schoeffler, R. D. Buzzell, and D. P. Heany, "Impact of Strategic 

Planning on Profit Performance", Harvard Business Review, March-- 

April 1974. 

This is a report on a major research project known as Profit Impact of 

Market Strategy (PRIS) led by, Schoeffler of Harvard Business School. They 

are trying to find reasons for profit variations in different businesses 

under different market conditions. They found thirty-seven factors which 

explain nearly 8C of the profit variations in 57 firms with 620 diverse 

businesses. Among the factors investigated were market share, total 

marketing expenditures, product quality, 3&D. expenditures, investment 

intensity, etc... Some of their findings are: 

- Market position increases expected ROl. 
-A business with strong market position can further its profit- 

ability. 
- In high engineered capital goods industries comparative quality 

is profitable. 
-A strong market position is desirable, but it is expensive to 

get it - the most expensive way to gain it is with low relative 
prices and the least expensive way is to gain it by high 
relativeciality. 4 

- Investment intensity has a high negative impact on ROI. Firms 
in investment intensive industries should seek stable markets, 
low debt/equity ratio, etc.... 

I 
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- The duration of production cycle has little impact on 
profitability, etc. 

It should be worthwhile noting that most of the conclusions are 

situational in nature - that is to say they hold true in some particular 

circumstances. Either the researchers themselves admitted this or later 

research of the subject has revealed it. 

r 

I 

I 
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Appendix 5-A 

The Listings of MODEL Equations 

0 MAP 
1 * MOD ELLING CEMENT-DIVERSIFICATION DYNAMICS 
2 NOTE 
3 NOTE 

.4 NOTE THE MODEL "NAVE IS Cº'D-M0D5 
5 NOTE --------------- ----------- 6 NOTE 
7 NOTE THE YODEL IS STCRED IN; SDRG MODEL ARCHIVES 
.8 NOTE UNIVERSITY OF BRADFORD tIANA(3EtIENT CENTRE 
9 NOTE E1.111 LANE r (3D 9 'TEL, (0274)42299 - 10 NOTE 

11 NOTE THE CONTROLLED DIVERSIFICATION CASE MODEL 
12 NOTE 
13 NOTE THE COMBINED LIST OF CEMENT AND HYPO CASES 
14 NOTE INCLUDING 'FINAL VALUES & POLICIES'(IMPROVEMENTS) 
15 NOTE WHICH HAVE APPEARED ON NOTE CARDS(ALSO SEE THE TEXT) 16' NOTE CHANGE 'CEMENT' To 'HYPO' BY GLOBAL EDIT COMMAND 
1? NUTE. 
18 NOTE THE RUNS FOR BOTH CEMENT & DIVERSIFICATION 
19 NOTE WITH THREE DIFFERENT CEMENT DEMAND SCENARIOS 
20 NOTE TO SIMULATE CEMENT SIDE ALONE , PUT GR=SPC=O, U 
21 NOTE 
22 NOTE PUT DC1=1 FOR CONSTANT DESIRED DIVERSITY 
23 NOTE PUT DC1=0 & DC2=1 FOR RAMPWISE DESIRED DIVERSITY 
24 NOTE PUT DC1=U & DCZQ FOR STEPWISE DESIRED DIVERSITY 
R5 NOTE 
26 NOTE BASE CASE SIVULATION RUNS WHERE 
Z7 NOTE A CONSTANT DIVERSITY IS DESIRED, AND: 
28 NOTE FHOR=4811, & CIDEL=Pt1DEL=3611., 
29 NOTE THIS RELATES TO THE VALUES OF THE 
30 NOTE COEFFICIENTS OF COtIA4ETION: C1, C1, 
31 NOTE C31D1, D2t& p3, 
32 NOTE 
33 NOTE 
34 NOTE ***, r********************, r* 
35 NOTE 
36 NOTE *** FORECASTING NODULE *** 
37 NOTE 
38 NOTE *r************************ 
39 NOTE 
40 NOTE 
41 NOTE ** DEMANU & CAPACITY FORECASTS ** 
42 NOTE 
43 NOTE 
44 A SLEV, K=SBLEV*(TADNL(GF, TIME, K, 6,66,12)+S, K) 
45 T GF=0.97/1.0e/0,9z/1,02/0,85/0,75 
46 C SBLEV=1500 
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47 A S, K=MAX(0, (TIME , K^STIII E) )*SGFR 
48 C STIME=72 
49 C SGFR=O 
50 A FBLEV. K=SaLEV*(TABHL(GF, TIME, K+FHOR, 6,66,12)+FS, K) 
51 A FS, K=I. IAX(O, (TIME. K+FHOR-STIt1E))*SGFR 
52 NOTE A BLEV, K=SRLEV*(1+TI11E, K*SGFR) (HYPO CASE) 
53 NOTE C SBLEV=1500 (HYPO CASE) 
54 NOTE C SGFR=O, UU25 -(HYPO CASE) 
55 NOTE A FBLEV, K=SDLEV, *(1+(TI11E, K+FHOR)*SGFR) (HYPO CASE) 
56 A FID, K=MAX(0I (FDLEV, K*BGE)*(1+ 
5? X (CAt1P*CAE)*SIi4((6.2i3*(TI14E, K+FHOR-6))/(PD*PDE)))) 
58 C ©GE=1 
59 C CAE=1 
60 C PDE=1 
61 A ID. K=(1LEV, K)*(1+CAt-'IP*SIN((6,283*(TIME, K-6))/PD)) 
62 C CAMP=0.11 
63 C FHOR=43 
64 NOTE C FUOR=72 (HYPO CASE) 
65 C PD=48 
66 A DEMAND, K=f"1AX((ID, K*V. S)/UKTR, 1E-6) 
67 C t'S=0,615 
68 C UKTR=0.70 
69 A FDC, K=(DCIIL, K*EXP(GR*FHOR))* 
70 X (1+DAIIP*S1td(6,283*(7IME, K+FHOR+DPHASE)/PD)) 
71 C PPHASE=6 
72 C DAtIP=0.10 
73 C GR=0,0125 
74 NOTE C DPHASE=-19 (FINAL VALUES) 
75 NOTE C DAMP=0. O5 (FINAL VALUES) 
76 NOTE C GR=0,01125 (FINAL VALUES) 
7? L DCBL, K=DCBL, 4+DT*GR*DCBL, J 
78 N DCBL=SPC 
79 C "SPC=4E6 80 A CDD, K=)CBL, K*(1+DAP1P*SIN(6,283*(TIIIE, K+DPHASE)/PD)) 
81 NOTE 
82 NOTE 
83 NOTE ** FINANCIAL FORECASTS ** 
84 NOTE 
85 NOTE 
86 A FUCOST. K=SUCST*FRDCRN. K 
8? A FRDCRM. K=MEL+(1-týEL)*EXP(-DR*(CRDE, K+ARDER, K*FHOR)) 
88 A FRPRH, K=((CPRICE, K-FLCOST, K)*((FID, K*MMS)/UKTR)*AEFMCD, K+ 
89 X (ARNDCP, K*FHQR+(PDC, K_EDCS, K))*(1-P! iF))*(ARRPRT, K/AGPRL. K) 
90 A FEQITy, K=EQITY, K+((ARRPRT, K+FRPRH, K)/2)*FHOR 
91 A NXLTDF. K=FEQITy, K*AGFH 
92 C AGFH=0.6 
93 C DINT=12 
94 A FSPH. K=t-lAX((FSCC, K*01*CCOST, K+SSCC, K*C2* 
95 X CCOST, K*(CPB+CPC)+TSCC. K*C3*CCOST, K*CPC+FSDC, K 
96 X *D1*DCOST+SSDCUK*p2*DCOST*(DPB+DPC)+TSDC, K*D3* 
97 X DCOST*DPC), 0) 
98 A EICGFH. K=((CPRICE. K-FUCOST, K)*((FID, K*MS)/UKTR)*AEFtICD, K+ 
99 X (ARNDCP, K*FHOR+(PDC, K_EDCS, K))*(1-PMF))*(ARICG, K/AGPRL, K) 

100 A EFRFR. K=(, '1XLTDF. K-TLTD, K)+((ARICG, K+EICGFH, K)/2)*FHOR 
101 A FINVG, K=MAA(U((EFRFR, K=F'5PH. K)) 
102 NOTE 
103 NOTE 
104 NOTE FINANCIAL RESOURCES ALLOCATION CONTROL SECTOR 
105 NOTE 
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106 NOTE 
107 A DD1K=DC1*DDL+(1-DC1)*(DC2*(100"t1IN(RD, K*TIME, Kr100-DDL))+ 
108 X (1-DC2)*TABHL(DTAß, TIME, KºOr120r12)) 
109 C DC1=1 
110 C DC2=D 
111 C CDL=36 
112 A RD. K=(100-DDL)/DLTIt.. E 
113 C DLTIME=120 
114 NOTE C DLTIt-tE=168 (FINAL POLICIES) 
115 T DTAB=100/100/79/79/? 9/79/58/58/58/58/36 
116 A GER, K=CSRAT, K/DD, K 
11.7 A DM. K=TADHL(DMT, DER, -Kr0,2rO, 2) 
118 T DMT=0.25/0.30/0.35/x, 40/0.45/0,50/0,55/0,60/ 
119 X 0,65/0.70/0, -/5 
1? 0 NOTE T DMT=0.01/0,05/U, 10/0,19/0.. iU/0,45/0,59/0,71/ 
121 NOTE X 0.80/. 0.87/0,92 (FINAL POLICIES) 
122 A PMR. K=(1-Ph4F)/((CPRICE, K-UCOST, K)/CPRICE, K) 
123 A SPMR, K=St! 00TH(PI%R, K(PLAT) 
124 A PMM. K=TARºiL(Pt'! tiT, SPt'R. Kr0r2rO, 2) 
'125 T Pt1t'1T=0,25/0,30/0,35/0,40/0,45/0,50/0,55/0,60/ 
126 X 0,65/0,70/0,75 
127 NOTE T Pt-1117=0,05/0,09/0.14/0,20/0.28/0,39/0,51/0,63/ 
128 NOTE X 0,75/0,85/0,94 (FINAL POLICIES) 
129 A CRAtt, K=(1-DM, K)*(1-PNt1. K) 
130 A CRAt'. K=DM. K*PVýM, K 
131AF RAR. K=DRAti, K/ (CRAr1, K+DRAM, K+1 E^6) 
132 A ARC, K=FINVG, K*(1-FRAN, K) 
133 A ARD. K=FINVG, K*FRAI"i, "K 
134 NOTE 
135 NGTE 
136 NOTE ************, ý***************** 
137 NOTE *** CEIIENT DUSINESS nODULE *** 
138 NOTE (CAPACITY & FROPUCTION) 
139 NOTE ***************w*, r*********+. ** 
140 NGTE 
141 NOTE 
142 NOTE *** CEMENT CAPACITY SECTOR *** 
143 NOTE _- _--_=__--__'______________ 
144 NOTE 
145 A DESC, K=(FXD, K*1.1S)/UKTR 
146 A VC, K DESC. K-TEC, K 
147 A DICD-I. K=(CLIP(VC, K, U, VC, K, MCIL)/CAT, K)*DINT 
148 C NCIL=20 
149 A CAT, K=MAX(DINT, FHOR-CIDEL) 
150 A FAIC. K=MIN(DICDI, KrCLIP(ARC, K/CCUST, K, OrARC, K/CCOST, K, 
151 X (MCIL/CAT, K)*DINT)) 
152 R CASR, KL=(SAMPLE(PAIC, K, DINT, O))IDINT 
153 L FSCC. K=FSCC, J+DT*(CASR. JK-FSCCR, JK) 
154 N FSCC=O 
155 R FSCCR. KL=FSCC, K/(CIDEL/3) 
156 L SSCC. K=SSCC, J*DT*(FSCCR, JK-SSCCR, JK) 
157 N SSCC=0 

-158 R SSCCR. KL=SSCC, K/(CIDEL/3) 
159 L TSCC. K=TSCC, J+DT*(SSCCR, JK-CACR, JK) 
160 N TSCC=O 
161 R CACR. KL=TSCC, K/(CIDEL/3) 
162 A CAIP. K=FSCC. K+SSCC. K*TSCC, K 
163 C CIDEL=36 
164 NOTE C CIDEL=6U (HYPO CASE) 
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165 L AFSCCR, K=AFSCCR. J+(DT/PLAT)*(FSCCR, JK-AFSCCR, J) 
166 N AFSCCR"FSCCR 
167 L ASSCCR, K=ASSCCR, J+(DT/PLAT)*(SSCCR, JK-ASSCCR, J) 
168 N ASSCCR=SSCCR 
169 L ACACR. K=ACACR, J+(DT/FLAT)*(CACR, JK-ACACR, J) 
170 N ACACR=CACR 
171 L IKCA, K=IKCA, J+DT*(CACR, JK-CSR, JK) 
172 NI KCA=1x"00 - 
173 A ENACF. K FSCC, K*C1+SSCC, K*C2+TSCC, K*C: 3 
174 C C1=0,76 
175 C C2=0,90 
176 C C3=0.93 
177 NOTE C C1=0.69 (HYPO CASE) 
178 NOTE C C2=0.87 (HYPO CASE) 
179 NOTE C C3=O. 97 (HYPO CASE) 
180 A TEC, K=IKCA, K+ENACF, K-ECSF, K 
181 R CSR. KL=(IKCA, K/CSDEL)*CLIP(1'O, DUR, UR, K) 
182 C CSDEL=300 
183 NOTE C CSAEW40 (HYPO CASE) 
184 C DUR=0.90 
185 A UR. K=APR. K/IKCA. K 
186 L ACSR. K=ACSR, J+(DT/CSAT)*(CSR, JK"ACSR, J) 
187 N ACSR=CSR 
188 A ECSF, K=ACSR, K*FHOR 
189 C LSAT=36 
190 NOTE 
191 NOTE 
192 NOTE *** CEMENT PRODUCTION & SALES SECTOR *** 
193 NOTE ___- __ - ___-__---__ -_-------_-="""----_-_ 
194 NOT E 
195 A SD. K=DFt1AND, K*(1+SAIIP*SIN(6,283*(TIh1E, K+R00)/12 )) 

. 
196 C R00=-3 
197 C SAMP=O, 10 
198 R CSHR, KL=i1AX(UIMIN(SD, K, CLST, K/DT)) 
199 L ACSHR. K=ACSHR, J+(DT/PAT)*(CSHR, JK-ACSHR. J) 
200 N ACSHR=CSHR 
201 L CIP, K=CIP, J+DT*(PSR, JK-CPR, JK) 
202 NCI P=350 
203 R CPR. KL=CIP, K/DT 

. 204 R PSR, KL=rIIN(DPR. K, IKCA. K) 
205 A CPR. K=fIAX(0, (VCS, K/TACS+APR, K) ) 
206 A VCS. K=DCS. K-CLST, K-CIP. K 
207 A DCS, K=ACSHR, K*COVER 
208 C COVER=1,0 
209 C TACS=3 
210 L CLSY. K=CLST, J+DT*(CPR, JK-CSHH,, )K) 
211 N CLST=700 
212 1. APR, K=APR, J+(DT/PAT)*(CPR, JK-APR, J) 
213 N APR=CPR 
214 C FAT=3 

" 215 A AEFMCD, K=SMOOTH((ACSHR, K/DE(1AND, K), DINT) 
216 NOTE 
21? NOTE ***+********r***************** 
218 NOTE *** DIVERSIFICATION MODULE *** 
219 NOTE ****************** *********** 
220 NOTE 
221 NOTE 
222 NOTE *** OTHER BUSINE3SES CAPACITY SECTOR *** 
223 NOTE 
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224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252* 
253 
254 
955 
256 
25? 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 

NOTE 
A DCV, K=DDC, K-EDC, K 
A DDC, K=FDC, K 
A DIDDI. K=(CLIP(DCV, K, O, DCV, K, MDIL)/CAT2, K)*DINT 
C NDIL=2Ed 
A CAT2, K=11AX(DINT IFHOR-ptiDEL) 
A FAID, K=f11tN(DIDDI, K, CLIP(ARD, K/DCOST, O, ARD, K/DCOST, 
X (MDIL/CAT2, K)*DIhT)) 
R RCNP. KL=(SAt1PLE(PAIU, K, t7INT, 0))/DINT 
L FSDC, K=FSDC, J+DT*(RCNP, JK-FSDCR, JK) 
N FSDC=O 
R FSDCR. KL=FSDC, K/(P(1DEi/3) 
L SSDC, K=SSDC, J*DT*(FSDCR, JK-SSDCR, JK) 
N SSDC=O 
R SSDCR. KL=SSDC, K/(Pt1DEL/3) 
L TSDC, KýTSDC, J+DT*(SSDCR, JK-PMCCR, JK) 
NTSDC=0 
R PMCCR. KL=TSDC, K/ (PtiDEL/3) 
A P11CIP. K=FSDC, K+SSDC, iC+TSDC, K 
C PMDEL=36 
NOTE C Pt1DEL=12 (FINAL VALUES) 
R RNDCP. KL=DELAY3(Pt! CCR, JK, PPDEL) 
C PPDEL=24, 
NOTE C PPDEL=12 (FINAL VALUES) 
L NNPUC, K=NNPDC, J+DT*(PMCCR, JK-RNDCP, JK) 
N NNPDC=O 
L PDC, K=PDC, J+DT*(RNDCP, JK-DCSR, JK) 
N PDC=O 
L AFSDCR, K=AFSDCR, J+(PT/PLAT)*(FSPCR, JK-AFSDCR, J) 
N AFSDCR=FSDCR 
L ASSOCR. K=ASSDCR, J+(DT/PLAT)*(SSDCR, JK-ASSDCR, J) 
N ASSDCR=SSDCR 
L APMCCR. K=APFICCR, J+(DT/PLAT)*(PMCCR, JK-APMMCCR, J) 
N APt1CCR= PNCCR 
L ARNDCP, K=ARNDCP, J+(DT/PLAT)*(RNDCP, JK-ARNDCP, J) 
N ARNDCP=RNDCP 
A ENADF. K=FSDC, K*D1+SSCC. K*D2+TSDC, K*D3 
C D1=0,76 
C D2=0,90 
CD3=0,98 
NUTE C D1=0,93 (HyPU CASE) 
NOTE C D2=0,98 (HYPO CASE) 
NOTE C D3-0,99 (HYPO CASE) 
NOTE C D1=Q, 9990 (FINAL VALUES) 
NOTE C D?. =0,9999 (FINAL VALUES) 
NOTE C D3=1,0000 (FINAL VALUES) 
A EDC, K=EN? DF, K+N`JPDC, K+PDC, K-EDCS'K 
A EDCS. K=ADCSR, K*FHOR 
I. ADCSR. K=ADCSR, J+(DT/CSAT)*(DCSR, JK-ADCSR, J) 
N ADCSR=DCSR 
R DCSR, KL=PnC, K/AUADC 
C AUADC=240 
NOTE C AUADC=416 (FINAL VALUES) 
A TDC, K=NtNPDC, K+PDC, K 
NOTE 
NOTE 
NOTE *** OTHER BUSINESSES PRODUCTION SECTOR *** 
NOTE 
NO T- 
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283 R CBPR, KL=NUPDC, K+PDC, K 
284 NOTE 
285 NOTE ***************************** 
286 NOTE **** FINANCIAL t7ODULE **** 
287 NOTE (FOR BOTH SIDES) 
288 NOTE ***************************** 
289 NOTE 
290 NOTE 
291 NOTE *** CASHFLOW SECTOR *** 
292 NOTE 
293 NOTE 
294 R HRR, KL= 4NPDC, K+PDC, K. *pF1F+RDER, KI, +RCMC, KL+SAOH 
295 R BPR, KL=CULS, KIAUPT 
296 C ABPT=2.5 
297 R RCD, KL=DBTRS, K/CDDEL 
298 C CDDEL=2,5 
299 A CURA, K=TCAS. K/TCLS. K 
300 R CßR. KL=t"1AX(CDISC. K/PT, O)*CLIP(1rO, CURA, K, DCURA) 
3o1 C DCURA=1,0 
302 R CRR, KL=t"1AX(CLIP(i3OVRD. K/DTr-CDJSC, K/DT, -CDISC, K, BOVRU, K)IO) 
303 R IFLOW. KL=LTBR, KL+CBR, KL+RCD, KL 
304 R OFLQW, KL=LTDPR, KL+BPR, KL+CRR, KL+RINP, KL+ 
305 X TAX, KL+DIV, KL+(FSCCR, KL*CPA+SSCCR. KL*CPB+ 
306 X CACR, KL*CPC)*CCOST,. K+(FSDCR, KL*DPA+SSDCR, KL*DPI+ 
307 x FMCCR, KL*DPC)*DCOST 
308 C CPA=0,20 
309. C CP8=0,60 
310 C CPC=0.20 
311 C DPA=O, 10 
312 CDPB=0.40 
313 C DPC=0,50 
314 NOTE C DPA=O. OU5 (FINAL VALUES) 
315 NOTE C DPß=0.0U5 (FINAL VALUES) 
316 NOTE C DPC=0,990 (FINAL VALUES) 
317 (. AOFLOW, K=AOFLOW, J+(CT/PLAT)*(OFLUW, JK-AOFLOU, J) 
318 N AOFLOW=ZOE6 
319 A t1NCL. K=AOFLUW, K*CCT 
320 C CCT=0,25 
321 A CDISC. K=MINCL, K-CRLMcE, K 
322 L CBLANCE, K=CDLANCE, J+DT*(IFLOW, JK-OFLOW, JK) 
323 N CBLANCE=27.6E6 
324 R RICG, KL"-RRPRI, KL+RDFXA, KL 
325 L ARICG, K=ARICGfJ+(DT/PLAT)*(RICG, JK-ARICG, J) 
326 N ARICG=RICG 
327 NOTE 
328 NOTE 
329 NOTE *** CAPITAL EXPENDITURES FINANCING SECTOR **+ 
330 NOTE 
331 NOTE 
332 A CCOST. K=SCCOST 
333 C SCCOST=12E4 - 
334 NOTE C SCCOST=18E4 (HYPO CASE) 
335 C DCOST=12 
336 A EXAFR. K=(AFSCCR, K*CPA+ASSCCR, K*CPB+ 
337 X ACACR. K*CPC)*CCOST, 64(AFSDCR, K*DPA+ 
338 X ASSDCR, K*DPß+APt1CCR, K*DPC)*DCOST 
339 A EICG, K=ARICG, K*DINT 
340 A FRFI, K=(C3LANCE, K-tilt%CL, K+EICG, K)/DINT 
341 R LTBR, KL=(EXAFR, K-FRFI'K)*CLIP(1,0, EXAFR, K, FRFI, K) 
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342 R LTDPR, KL=tIAX(MINN(TLTC. K/LTDDi(-CDISC, K-BOVRD, K)/PLAT)10) 
343 C LTDD=84 
344 A GEAR, K=TLTD, K/FQITY, K 
345 NOTE 
346 NOTE 
347 NOTE *** PROFIT & LCSS STATEMENT EQUATIONS *** 
348 NOTE 
349 NOTE 
350 R TSR, KL=CSHR. KL*CPRICE, K+OBPR, KL 
351 A CPRICE. K=CPT 
352 C CPT=9300 
353 L ASRE. K=ASRE, J+(DT/SST)*(TSR. JK-ASRE, J). 
354 N ASRE=TSR 
355 C SST=3 
356 R RDER. KL=ASRE, K*RDPF 
357 C RDPF=0.07 
358 L CRDE, K=CRDE, J+DT*(RDER, JK"RORD, JK) 
359 N CRDE=O 
360 R RORD, KL=CRDE, K/RDOT 
361 C RDOT=120 
362 A RDCRM. K=f"EL+(1_IGEL)*EXP(-DR*CRDE, K) 
363 C DR=1,53E-8 
364 C NEL=0.5 
365 A UCOST. K=SUCST*RDCRf1, K 
366-C SUCST=6500 
36? NOTE C SUCST=7500 (HYPO CASE) 
368 R RCMC, KL=CPR. KL*IJCOST, K 
369 L VSTOCKS. K=VSTOCKS, J+DT*(RCMC, JK-CCS, JK) 
370 N VSTOCKS=4,4E6 
371 R CCS. KL=CS1iR, KL*(VSTCCKS. K/(CLST, K+0,1)) 
372 R TCOST. KL=CCS, KL+HNPDC, K+PDC, K*Pt1F+f; DER, KL+SAOH 
373 C Pf"9F=0,65 
374 NOTE C PfrF=O, 7U (FINAL VALUES) 
375 C SAOH=0.7E6 
376 R FROFIT. KL=TSR, KL-TCCST. KL 
37? R GPAD, KL=PROFIT, KL-RCFXA. KL 
378 L AGPRL. K=AGPRL, J+(DT/PLAT)*(PROFIT, JK-AGPRL, J) 
379 N AGPRL=PROFIT 
380 L ARDER. i(-ARDER, J+(DT/FLAT)*(RDER, JK-ARDER. J) 
381 N ARDER=RDER 
382 C FLAT=3 
383 R RINP. KL=TLTD, K*INR+LGVRD, K*CINJR 
384 C INR=0,005 
385 C CINR=0,009 
386 R TPRT, KL=PROFIT, KL-RDFXA. KL-RINP, KL 
387 R TAX, KL=t1AX(TPRT. KL*TAXR, 0) 
388 C TAXR=0.45 7' 
389 R ATPRT. KL=TpRT, KL-TAX, KL 
390 R DIV, KL=F1AX(ATPRT, KL*CIVPF, 4) 7 
391 C DIVPF=0,36 
392 R RRPRT. KL=ATPRT, KI, TDIV, KL 
393 L ARRPRT. K=ARRPRT. J+(DT/PLAT)*(RRPRT, JK-ARRPRT, J) 
394 N ARRPRT=RRPRT 
395 NOTE 
396 NOTE 
397 NOTE *** BALANCE SHtET EQUATIONS *** 
398 NOTE 
399 NOTE 
400 C BOVRD, K=BOVRD, J+DT*(CBR, JK-CRR, JK) 

. 
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401 N BOVRD=TOTA-EQITY-TLTD"CUULS - -- -- --- - --- 
402 L CULS. K=CULS, 4+DT*(BRR. JK"BPR, JK) 
403 N CULS=28E6 
404 L DBTRS, K=DBTRS, J+DT*(1SR. 4K-RCD, JK) 
405 N DBTRS=31E6 
406 A TCAS. K=DBTRS, K+VCST, K+CBLANCE, K 
407 A VCST, K=t1AX(U, VSTCCKS, K) 
408 A TCLS. K=CULS. K+BOVRD. K 
409 L TLTD. K=TLTD. J+DT*(LTBR, JK-LTDPR, JK) 
410 N TLTD=56E6 
411 L RESV. K=RESV, J+DT*RRPRT, JK 
412 N RESV=94E6 
413 A ERITY. K=RESV, K+QSHC 
414 C CSHC=54E6 
415 R RIFXA. KL=(FSCCR, KL*CPA+SSCCR, KL*CPB+ 
416 X CACR, KL*CPC)*CCOST,. K+(FSDCR, KL*DPA+ 
41? X SSDCR, KL*DPE3+Pt-1CCR. KL*DPC) *DCOST 
418 L ARIFXA. K=ARIFXA, J+(PT/PLAT)*(RIFXA, JK-ARIFXA, J) 
419 N ARIFXA=RIFXA 
420 R RDFXA. KL=SAFIPLE((FI1cA. K+ARIFXA,, ý*(DINT/2))/APLD, DINT, 
421 X (FIXA. K+ARIFXA, K*(DI1T/2))/APLD) 
422 C APLD--180 
423 L FIXA, K-FIXA, J{DT*(RIFXA, JK-RDFXA, JK) 
424 N FIXA=170E6 
425 A TOTA. K=FIXA, K+TCAS, K 
426 A TCAL. K=EQITY, K+TLTD. K+TCLS, K 
427 A CHECK, K=TOTA, K-TCAL, K 
428 NOTE 
429 NOTE 
430 NOTE **** PERFORMANCE INDEX SECTOR **** 
431 NOTE 
432 NOTE 
433 A NCAS, K=TCAS, K-TCLS, K 
434 R LOS. KL=(SD, K-CSHR. KL)*CPRICE, K 
435 L TLOS. K=TLOS, J+DT*LOS, JK 
436 N TLOS=O 
437 L SCSR, K=SCSR. J+(DT/SST)*(CSHR, JK*CPRICE, J-SCSR, J) 
438 N SCSF=CSHR*CPRICE 
439 A CSRAT. K=(SCSR, K/ASRE, K) *100 
440 F4N. AC 
441 DLPIPE 22 
442 END 999 999 
443 TP F1ATAB=240*0,5E6 
444 R CGPR, KL=DLPIPE(IIATAE, pROFIT, KL) 
445 L N. A, K=t1A, J+('DT/HAT)*(PROFIT, JK^OGPR, JK) 
446 N KA=2E6 
447 C FAT=60 
448 TP GPRT=120*0. SE6 
449 R HOG? R, KL=DLPIPE(GPRT, pROFIT. KL) 

. 450 L SSVGP, K=SSVQP, J+DT*SHOGPR, JK-I1A, J)**INT(?. )*STEP(1,30) 
451 N SSVGP=O 
452 A RROTA. K=(PROFIT, KL/T0TA, K)*100 
453 L CGPAD, K=CGPAD, J+DT*GPAD, JK 
454 N CGPAD=O 
455 A TGPSFR, K=CGPAD, K-CGPD1, K. 
456 L CGPD1, K=CGPD1"J+DT*PLLSE(TGPSFR, J/DT, 12, i2) 

. 457 N CGPD1=0 
458 A ROI, K=SANPLE(TGPSFR, K/TOTA, K, 12, TGPSFR, K/TOTA, K)*10o 
459 L CTPRT, K=CTPRT, J+DT*TPRT, JK 
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460 N CTPRT=O ---- 
461 A TPSFR. K=CTPRT, K«CTPI, K 

. 462 L CTP1, K=CTPI. J+DT*PULSE(TPSFR, J/DT, 1er1Z) 
463 N CTP1=0 
464 A TPRTY. K=SA[IPLE(TPSFR, K, 12,18E6) 
465 A CPROR, K=SA! IPLE(TPSFR, K/TOTA. K, 12 TPSFR, K/TOTA, K)*100 
466 L CTSR. K=CTSR, J+DT*TSR, JK 
467 N CTSR=O 
468 L CTSR1. K=CTSR1, J+DT*FLLSE(CTSFR, J/DTr12r12) 
469 N CTSR1=0 
470 A CTSFR. K=CTSR, K-CTSR1, K 
471 A TSRTY, K=SAfIPLE(CTSFR. i'ilZ, 1OQE6) 
472 R RDCV, KL=CDD. K-TDC. K 
473 L SSDCV. K=SSDCV, J+DT*(RD, CV, JK*RDCV, JK) 
474 N SSDCV=O 
475 R CCR, KL=0Et1AND, K-IKCA, K 
476 t. SSOCV, K=SSOCVrJ+DT*(CCR, JK*OCR, JK) 
477 N SSOCV_O 
478 C TIF=999999 
479 A FINVGT. K=CLIP(TIF, 0i0, FINVG, K) 
480 A CASHT, K=CLIP(TIFI0rI'INCL, K, CBLA14CE, K) 
481 A RET, K=CLIP(TIF, 0r0, RRPRT, KL) 
482 A GEART, K=CLIP(U, TIF, AGFH, GEAR, K) 
483 A CUIT, K=CLIP(U, TIF, ARC. K/CCQST, K, DICDI, K) 
484 A DUIT, K=CLIP(UITIF, ARD, K/DCOST, DIDDI, K) 
485 NOTE 
486 NOTE 
487 NOTE **** CUTPUT & CONTROL SECTOR **** 
488 NOTE 
4{I9 NOTE 
490 C DT=0,25 
49.1 C LENGTH=240 
492 C FRTPER=12 
493 C PLTPER=1 
494 PRINT 1)DEMAND, DESC, CASR, VC, ECSF, TLC, FID, CACR, CAIP, ENACF, IKCA, FSPH 
495 X rEFRFR, FI; AVG 
496 PRINT 2)NCAS, CSR, IJR, CPR, DPR, PSR, APR, VCS, CLST, RDER, DICDIrRDFXA 
497 X , VSTOCKS, AEFffCD 
498 PRINT 3)RCNP, DCVIN? PDC, Pi1CCR, PMCIP, TDC, EDC, PDC, FDC, DCBL, CDD, ENADF 
499 X , DCSR, EDCS 
500 PRINT 4)SD, TGPSFR, CSHR, TSR, MXLTDF, GEAR, CRDE, RDCRM, UCOSTrCCSiBPRºBRR 
501 X , BOVRD, CRR 
502 PRINT 5)RCt"C, TPRT, A. TPRT, ARRPRT, TCOST, PROFIT, TCLS, CBRIRCDºSPMR, h1INCL, 
503 X CDISC, TSRTY, TPRTY 
504 PRINT 6)DBTRS, TCAS, CURA, IFLOW, OFL(JW, CBLANCE, LTBRrARICG, Dh1, PMF1, FRPRH, 
505 X EICG, UPROR, RCI 
506 PRINT 7)ARNDCPrEICGFHIRES'JrEXAFRrLTDPR, TLTD, RINP, TLOS, DIDDIºPAIC, 
501 X PAIDIFRFIºDIV, FIXA 
508 PRINT 8)SSVGP, RET, GEART, FINVGT, CASHT, CUIT, DUIT, CRAM, DRAM, 
509 X FRAI1, DER, SS0CV, SSDCV, CHECK 
510 PLOT CEHAND=A(U, 3x00)fIKCA=Y(0,3000)/5D=B(0,3000) 
511 X /CPR=Z(0,3000)/CLST=J(-3000,, 000) 
512 PLOT CDD=A(U, 1UUE(, ), TDC=I(0,10UE6)/CHIP=Y(-100r7U0) 
513 X /Pl. ICIP=B(Ur60E6)/EXAFR=J(0,2UE6) 
514 PLOT FIXA=A(, ^, r1"E8), TSRTY=I (Or15E6)/'NCA5=; '(-5OE6,350E6) 
515 X 1CBLANCE=B(-50E6i35QE6)/TLTD=J(0.4E8)/FINVG=Z(U, 8E8) 
516 PLOT CSRAT=A(ar100), DD=I(Oil 00), RUI=Y(o, 11-º0) 
517 X /TPRTY=B(Ur2E8)/PROFIT=j(-10k6r7E7), ATPRT=Z(-1UE6r7E7) 
518 NOTE 
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4519 NOTE 
520 NOTE *** DRAW SECTOR *** 
521 NOTE 
522 NOTE 
523 DPL . 
524 DEMAND=(TT/`t) CEVENT DEMAND(GROUP) 
525 IKCA=(TT/'1) CEMENT KILN CAPACITY 
526 SD=(TT/M) CEMENT SEASONAL DEMANP(GROUP) 
527 CPR=(TT/M) CLINKER PRODUCTION RATE 
528 CLST=(TT) CLINKER STOCKS 

. 529 TLTD=t£) TOTAL LONG-TERM DEBTS 
530 TDC=(£/1V1) TOTAL DIVERSIFIED CAPACITY 
531 CAIP=(TT/M) CEMENT CAPACITY IN PROGRESS 
532. PMCIP=(£/I) DIVERSIFIED CAPACITY IN PROGRESS 
533 CBLANCE=(£) CASH BALANCE 
534 EXAFR=(£/! 1) EXPANSIONS' FINANCIAL REQUIREMENTS 
535 FIXA=(f) FIXED ASSETS . 536 TSRTY=(£) YEAR-END TOTAL SALES 
537 NCAS=(£) NET CURRENT ASSETS 
538 TSR=(E/1V1) TOTAL SALES REVENUE 
539 PROFIT=(£/R) GROSS PROFITS - 
540 ATFRT=(£/1) AFTER-TAX PROFITS 
541 FSR=(£/ti) FEASIBLE SPENDING RATE 
542 EFRFR=(£) FINANCIAL RESOURCES OVER FHOR 
543 FSPH=(£) FORECAST EXPENDITURE OVER FHOR 
544 CSRAT=(%) SPECIALIZATION RATIO 
545 DD=(%) DESIRED DIVERSITY 
546 QPROR=(%) RATE OF RETURN ON ASSETS(OPERATIVE) 
54T TLCS=(£) TOTAL LOSS OF CEMENT SALES 

. 
548 TPRTY=(£) YEAR-END TAXABLE PROFITS 

. 
549 TINE=(M) MONTHS, SIMULATION TIME 
550 9DPLEND 
551 NOTE V 552 NOTE 
553 NOTE *** RUN K RERUNS SECTOR *** 
554 NOTE 
555 NOTE V 556 RUN CONSTANT CEMENT DJ AND & DIVERSITY 
55? C SGFR=0.0025 
558 RUN GROWING CEMENT & CCNST, DIVERSITY 
559 C SGFR=-0,0025 
560 RUN DECLINING CEMENT 4 CONSTI DIVERSITY 
561 NOTE 
562 NOTE 
563 NOTE *** VARIABLES DEFINITION CARDS SECTOR *** 
564 NOTE 
565 NOTE 
566 D ABPT=(M) AVERAGE BILLS PAYMENT TIME 
567 D ACACR=((TT/M)/M) AVERAGE CEMENT CAPACITY COMPLETION RATE 
568 D ACS+R=(TT/tl) AVERAGE CEMENT SHIPMENT_RATE 
569 D ACSR=((TT/M)/M) AVERAGE CAPACITY SCRAPPING RATE(CEMENT) 
570 D ADCSR=((£/M)/t1) AVERAGE DIVERSIFIED CAPACITY SCRAPPING RATE 
571 D AEFMCD=(1) AVERAGE ERROR FACTOR IN MEETING CEMENT DEMAND 
572 D AFSCCR=((TT/M)/11) AVERAGE OF FSCCR 
573 D AFSDCR=((E/M)/M) AVERAGE OF FSDCR 
574 D AGFH=(1) ACCEPTABLE GEARING RATIO AT FHOR 
575 D AGPRL=(£/M) AVERAGE GROSS PROFIT LEVEL 
576 D AOFLOW=(£/M) AVERAGE OUTFLOW OF FUNDS 
577 D API. )=(M) AVERAGE PLANT LIFE FOR DEPRECIATION 
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578 D APMCCR=((f_/t1)/Ft) AVERAGE P-ti CAPACITY CUMLETION RATE 
579 D APR=(TT/N) AVERAGE PRODUCTION RATE 
580 D ARC=(E) ALLOCATABLE RESOURCES TO CEMENT INVESTMENT 
581 D ARD=(E) ALLOCATABLE RESOURCES TO DIV, INVESTMENT 
582 D ARDER=(£/ti) AVERAGE R&D EXPENDITURE RATE 
533 D ARICG=(£/t1) AVERAGE RATE OF INTERNAL CASH GENERATION 
584 D ARIFXA=(£/II) AVERAGE RATE OF INCREASE IN FIXED ASSETS VALUE 
585 D ARNDCP=((£/M)/F1) AVERAGE RATE OF NEW DIVERSIFIED CAPACITY 
586 X BECOMING PROFITABLE 
58? D ARRPRT=(£/t"1) AVERAGE RATE OF RETAINED PROFIT 
588 D ASRE=(£/M) AVERAGE SALES REVENUE 
589 D ASSCCR=((TT/t"1)/t1) AVERAGE OF SSCCR 
590 D ASSDCR=((£/M)/M) AVERAGE OF SSDCK 
591 D ATPRT=(£/M) AFTER-TAX PROFITS 
592 D AUADC=(M) AVERAGE USEFUL AGE OF DIVERSIFIED CAPACITY, 
593 X THIS FACTOR RELATES TO THE DEGREE OF OBSOLESCENCE OF 
594 X PRODUCTION TECHNOLOGIES OF INDUSTRIES TO WHICH THE FIRM 
595 X IS DIVERSIFIED, IF THE INDUSTRIES ARE TECHNOLOGICALLY 
596 X VOLATILE THIS FACTOR IS SMALLER K VICE VERSA, 
597 D BGE=(1) BASE LEVEL & GROWTH FORECASTING ERROR FACTOR 
598 D BLEU=(TT/t1) BASIC DEMAND LEVEL(UK CEMENT) 
599 D BOVRD=(f. ) BANK OVER-CRAFT 
600 D BRR=(£/M) BILLS RECEIVED RATE 
601 D BPR=(£/M) BILLS PAYMENT RATE 
602 D C1=(1) COEFFICIENT CF COMPLETION CORRESPONDING TO FSCC 
603 D C2=(1) COEFFICIENT OF COMPLETION CORRESPONDING TO SSCC 
604 D C3=(1) COEFFICIENT CF COMPLETION CORRESPONDING TO TSCC 
605 D CACR=((TT/M)/I4) CAPACITY COMPLETION RATE (CEMENT) 
606 D CAE=(1) CEMENT AMPLITUDE FORECASTING ERROR FACTOR 
607 D CAIP=(TT/M) CAPACITY IN PROGRESS (CEMENT) 
608 D CAMP (1) CYCLIC AMPLITUDE 
609 D CASHT=(1) CASH TROUBLES 
610 0 CASR=((TT/f1)/M) CAPACITY START RATE (CEMENT) 
611 D CAT=(t1) CAPACITY ADJLSTt1ENT TIME 
612 D CAT? =(t4) CAPACITY ADJUSTMENT TIME (DIV, ) 
613 D CBLANCE=(£) CASH BALANCE 
614 D CBR=(£/ti) CREDIT BORROWINGS RATE 
615 D CCOST=(£/(TT/M)) COST OF CAPACITY INSTALLATION (CEMENT) 
616 D CCS=(£/M) COST OF CEMENT SOLD 
61? D CCT=(t1) CASH COVERAGE . TIME 
618 D CDD=(£/t1) CURRENT DIVERSIFIED DGMAND(NON-CEMEENT) 
619 D CDDEL=(M) DEBTS AVERAGE DELAY 
6? 0 D CDISC=(£) CASH DISCREPANCY 
621 D CGPAD=(E) CUMULATIVE GROSS PROFIT AFTER DEPRECIATION 
622 D CGPD1=(£) CUMULATIVE GROSS PROFIT AFTER DEPRECIATION 
623 X LAST YEAR 
624 D CHECK=(f) BALANCE SHEET BALANCE CHECKED 
625 D CIDEL=(tt) CAPACITY INSTALLATION DELAY (CEMENT) 
626 D CINR=((£/ti)/£) BANK CREDIT INTEREST RATE. 
627 D CIP=(TT) CEMENT CLINKER IN PROGRESS 
628 D CLST=(TT) CLINKER STCCKS 
629 D COVER=(fl) CEMENT STOCKS COVERAGE 
630 D CPA=(1) CEMENT, 1ST, STAGE EXPENDITURES FACTOR 
631 D CPB=(1) CEMENT, 2ND, STAGE EXPENDITURES FACTOR 
632 D CPC=(1) CEMENT, 3RD, STAGE EXPENDITURES FACTOR 
633 D CPR=(TT/M) CLINKER PRODUCTION RATE (CEMENT) 
634 D CPRICE=(£ITT) CENENI PRICES 
635 D CPT=(£/TT) CEMENT PRICES TABLE 
636 D CRAM=(1) RESOURCE ALLOCATION TO CEMENT SECTOR MULTIPLIER 
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637 
638 
639 
640 
641 
642 
643 
644 
645 
646 
647 
648 
649 
650 
651 
652 
653 
654 
655 
656 
657 
658 
659 
660 
661 
662 
663 
664 
665 
666 
667 
668 
669 
670 
671 
672 
673 
674 
675 
676 
677 
678 
679 
680 
681 
682 
683 
684 
685 
686 
687 
688 
689 
690 
691 
692 
693 
694 
695 

P 
D 
P 
D 
P 
D 
D 
P 
D 
P 
D 
P 
D 
P 
P 
P 
D 
D 
D 
P 
D 
D 
D 
P 
X 
X 
X 
X 

D 
D 

D 
D 

CRDE=(£) CUMULATIVE R&D EXPENDITURE ON COST REDUCTION DEVELOPMENTS 
CRR=(£/M) CREDIT REPAYMENT RATE 
CSAT=(M) CAPACITY SCRAPPED AVERAGING TIME 
CSDEL=(M) CAPACITY AVERAGE AGE 
CSHR=(TT/fi) CEMENT SHIPMENT RATE 
CSR=((TT/M)/M) CAPACITY SCRAPPING RATE 
CSRAT=(1) CEMENT SALES TO TOTAL SALES RATIO(SR) 
CTP1=(£) CUMULATIVE TAXABLE PROFIT ONE YEAR AGO 
CTPRT=(E) CUMULATIVE TAXABLE PROFITS 
CTSR=(£) CUMULATIVE TOTAL SALES REVENUE 
CTSR1=(£) CUMULATIVE TOTAL SALES REVENUE LAST YEAR 
CTSFR=(£) CUMULATIVE TOTAL SALES REVENUE SOFAR THIS YEAR 
CUIT=(1) CEMENT UNDER-INVESTMENT TROUBLE 
CULS=(£) CURRENT LIABILITIES 
CURA=(1) CURRENT RATIO 
D1=(1) COEFFICIENT CF COMPLETION CORRESPONDING TO FSDC 
D2=(1) COEFFICIENT CF COMPLETION CORRESPONDING TO SSDC 
D3=(1) COEFFICIENT OF COMPLETION CORRESPONDING TO TSDC 
DAt1P=(1) DIVERSIFIED DEMAND CYCLIC AMPLITUDE 
DBTRS=(£) DEUTORS 
DC1=(1) A DUMPY VARIABLE FOR DESIRED DIV. CASE(ONE) 
CC2=(1) A DUMMY VARIABLE FOR DESIRED DIV, CASE(TWO) 
DCBL=(£/N. ) DIVERSIFIED CAPACITY BASE LEVEL 
DCOST_(£/(£/f1)) DIVERSIFIED CAPACITY COST FACTOR. THIS 

IMPLIES THAT FOR EACH UNIT OF DIVERSIFIED CAPACITY TO 
PRODUCE A UNIT CF SALES REVENUE/MONTH, DCOST UNIT 
OF INVESTMENT IS NEEDED. THIS, OF COURSE, IS 
RELATED TO THE CAPITAL-OUTPUT RATIO OF AN INDUSTRY. 

DCS=(TT) DESIRED CLINKER STOCK 
DCSR=((£/f)/M) DIVERSIFIED CAPACITY SCRAPPING RATE 
DCURA=(1) DEFINED CLRRENT RATIO 
DCV=(£/t1) DIVERSIFIED CAPACITY VARIANCE 
DD=(1) DESIRED DIVERSITY 
DDC=(£/l) DESIRED DIVERSIFIED CAPACITY 
DDL=(1) DESIRED DIVERSITY LIMIT 
DEMAND=(TT/M) CEMENT DEMAND(GROUP) 
DER=(1) DIVERSITY ERROR RATIO 
DESC=(TT/t1) DESIRED CAPACITY 
DICDI=(TT/M) DESIRED INVESTMENT IN CEMENT DURING THE 

CURRENT DECISION INTERVAL 
DIDDI=(£/tt) DESIRED INVESTMENT IN DIVERSIFICATION DURING THE 

CURRENT DECISION INTERVAL 
DINT=(M) STRATEGIC DECISION MAKING INTERVAL 
DIV=(£/M) RATE OF DIVIDENDS PAID 
DIVPF=(1) DIVIDEND PCLICY FACTOR 
DLTIME=(N) TIME GF DIVERSITY LIMIT 
Dt1=(1) DIVERSIFICATICU MULTIPLIER 
Dt-IT-(1) DIVERSIFICATION MULTIPLIER TABLE 
DPA=(1) DIVERSIFICATION, 1ST, STAGE EXPENDITURES FACTOR 
DPB=(1) DIVERSIFICATION, 2ND, STAGE EXPENDITURES FACTOR 
DPC=(1) DIVERSIFICATION, 3RD, STAGE EXPENDITURES FACTOR 
DPHASE=(N) CYCLIC PHASE SHIFT OF DIV, AGAINST CEMENT 
DPR=(TT/M) DESIRED CLINKER PRODUCTION RATE 
DR=(1/£) DECAY RATE 
DRAfl (1) RESOURCE ALLOCATION TO DIV, SECTOR MULTIPLIER 
DT=(M) SOLUTION INTERVALS 
DTAR=(1) DIVERSITY TABLE OF PERCENTAGES 
DUIT=(1) DIVERSIFICATION UNDER-INVES7mENT TROUBLE 
DUR=(1) DEFINED UTILIZATION RATIO BELOW WHICH CAP, IS SCRAPPED 
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696 D ECSF=(TT/tt) EXPECTED CAPACITY TU BE SCRAPPED TO FHOR 
697 D EDC=(£/M) EXPECTED. DIVERSIFIED CAPACITY 
69B D EDCS=(£/M) EXPECTED DIVERSIFIED CAPACITY TO BE 
699 X SCRAPPED OVER FHCR 
700 D EFRFR=(£) EXPECTED FINANCIAL RESOURCES AVAILABLE OVER FHOR 
701 D EICG=(£) EXPECTED INTERNAL CASH GENERATION DURING 
702 X THIS DECISIOU INTERVAL 
703 D EICGFH=(£/I"t) EXPECTED INTERNAL CASH GENERATION RATE AT FROR 
704 D ENACF=(TT/tit) EXPECTED NEW ADDITION TO THE 
705 X CEMENT CAPACITY CURING FHOR 
706 D ENADF=(£/M) EXPECTED NEW ADDITION TO THE 
707 X DIVERSIFIED CAPACITY DURING FHOR 
708 D EQITY=(£) EQUITY CAPITAL 
709 D EXAFR=(f/M) EXPANSILN ACTIVITIES FINANCIAL REQUIREMENTS 
710 D FBLEV=(TT/t1) FORECAST BASIC DEMAND LEVEL FOR CEMENT(VK) 
711 D FDC=(£/M) FORECAST DIVERSIFIED CAPACITY(NON-CEMENT ACTIVITY) 
712 D FEQITY=(£) FORECAST EQUITY AT FHQR 
713 D FROR== FORECASTING HORIZON 
714 D FID=(TT/t1) FORECAST TOTAL INDUSTRY DEMAND(UK) 
715 D FINVG=(£) FORECAST INVESTMENT GAP 
716 D FINVGT=(1) FORECAST INVESTMENT GAP TROUBLES 
717 D FIXA=(E) FIXED ASSETS 
718 D FRAt1=(1) FINANCIAL RESOURCES ALLOCATION MULTIPLIER 
719 D FRDCRtt=(1) FORECAST R&D COST REDUCTION EFFECT MULTIPLIER 
720 D FRFI=(£/N) FEASIBLE RATE OF FINANCING INVESTMENT 
721 X FROR INTERNAL RESOURCES 
722 D FRPRH=(£/ri) FORECAST RATE OF RETAINABLE PROFIT AT FROR 
723 D FS=(1) FORECAST SCENARIO, SEE D FOR S 
724 'Q FSCC=(TT/t4) FIRST STAGE CEMENT CAPACITY IN COMPLETION 
05 p FSCCR=((TT/r1)/M) FIRST STAGE CEMENT CAP. COMPLETION RATE 
726 D FSDC=(£/M) 1ST STAGE DIVERSIFIED CAP, IN COMPLETION 
72? D FSDCR=((f/tt)/t") 1ST, STAGE DIVERSIFIED CAP, COMPLETION RATE 
728 D FSPH=(£) FORECAST SPENDING FROM NOW TO NOW+FHOR 
729 D FUCOST=(£/TT) FORECAST UNIT COST AT FHOR (CEMENT) 
730 D GEAR=(1) GEARING RATIO 
731 D GEART=(1) GEARING TROUBLES- ABOVE ACCEPTED GEARING LEVEL DEDTS 
732 D GF=(1) GROWTH FACTOR 
733 D GpAD=(£/M) GROSS PROFITS AFTER DEPRECIATION 
734 D GPRT=(£/M) TABLE TO LAG GROSS PROFIT BY 30 MONTHS 
735 p GR=(1/t<) EXPONENTIAL GROWTH RATE FOR DIVERSIFICATION DEMAND 
736 D HOGPR=(£/f) "HALF"WAY" OLD GROSS PROFIT RATE 
737 D ID=(TT/t! ) TOTAL INDLSTRY DEMAND(UK) 
738 D IFLQW=(£/M) INFLOW; CF FUNDS 
739 D IKCA=(TT/r"1) INTEGRATED KILN CAPACITY (CEMENT) 
740 D iNR=((£/M. )/£) LONG-TERM BORROWING INTEREST RATE 
741 D LENGTH=(M) SIMULATION TIME-PERIOD 
742 0 LOS=(£/M) LOSS OF SALES OF CEMENT 
743 D LTDR=(£/M) LONG-TFRV BORROWING RATE 
744 D LTDD=(P) L-T DEBTS REPAYMENT DELAY 
745 D LTDPR=(£/M) LONG-TERM DEBTS PAYMENT RATE 
746 D MA=(£/t') 60 MONTHS r. CVING AVERAGE 
747 D MAT=(t1) MOVING AVERAGE AVERAGING TIME 
748 D MATAt3-(£/r1) TABLE OF 60 M. 'S MOVING AVERAGE 
749 D MCI L=(TT/M) MINIMULI CEMENT INVESTMENT LEVEL 
750 D MDIL =Q/M MINIMUM DIVERSIFIED INVESTMENT LEVEL- A 
751 X CHARACTERISTIC t'. EASURE OF AN INDUSTRY IN TERMS OF 
752 X SALES REVENUE GENERATED PER MONTH 
753 D NEL=(1) MINIMUM R&D EFFECT LIMIT 
754 D MINCL=(£) MINIMUM CASH LEVEL 
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755 D 
756 D 
757 D 
758 D 
759 p 
760 P 
761 D 
762 0 
763 D 
764 D 
765 0 
766 0 
767 p 
768 D 
769 0 
770 D 
771 P 
772 D 
773 D 
77.4 D 
775 D 
776 P 

. 777 X 
778 D 
7 79 D 
'780 D 
7,91 D 
782 0 
783 D 
'784 D 
785 D 
786 0 
787 D 
788 D 
789 D 
790 D 
791 P 
792 D 
793 D 
794 P 

-795 D 
796 D 
797 D 
798 D 
799 D 
800 X 
801 D 
802 X 
803 D 
804 D 
805 D 
806 0 
807 D 
808 p 
809 X 
810 D 
811 D 
812 D 
813 D 

NS=(1) GROUP'S MARKET SHARE I! I THE UK 
NXLTDF=(£) MAXIMUM -LONG-TERM DEBTS AT FROR 
NCAS=(£) NET CURRENT ASSETS 
ANPDC=(£/tt) NEW LNPRCFITABLE DIVERSIFIED CAP, 
CBPR=(£/h') OTHER BUSINESSES PRODUCTION RATE (DIV, ) 
CCR=(TT/N) OVER-CAPACITY RATE(CEMENT) 
CFLOW=(£/F1) OUT-FLOW OF FUNDS 
GGPR=(£/M) OLD GROSS PROFIT RATE(60 M. 'S OLD) 
CPROR=(1) OPERATING PROFIT RATE OF RETURN ON TOTAL ASSETS 
CSHC=(£) ORDINARY SHARE CAPITAL 
PAIC=(TT/ti) PRACTICAL AMOUNT OF INVESTMENT IN CEMENT 
PAID=(£/M) PRACTICAL AMOUNT OF INVESTMENT IN DIVERSIFICATION 
PAT=(t1) PRODUCTION AVERAGING TIME 
PD=(t1) CYCLIC PERIOD 
PDC=(£/M) PROFITABLE DIVERSIFIED CAPACITY 
PDE=(1) CYCLIC PERIOD ERROR FACTOR 
FLAT=(M) PROFITS AND LOSSES STATEMENT AVERAGING TIME 
PLTPER=(t4) PLOTTING PERIOD - 
Pt1CCR=((£/M)/M) P-M CAPACITY COMPLETION RATE 
PMCIP=(£/M) DIVERSIFIED CAPACITY IN PROGRESS 
PMDEL=(M) DIVERSIFIED CAPACITY COMPLETION DELAY 
PMF=(1) PROPORTICN CF SALES ALLOCATED TO THE 

MANUFACTURING COSTS FOR DIVERSIFICATION SECTOR 
PMt"1=(1) PROFIT MARGINS MULTIPLIER 
PMMT=(1) PROFIT t'ARGINS MULTIPLIER TABLE 
PMR=(1) PROFIT MARGINS RATIO 
PPDEL=(M) NEt DIVERSIFICATION PROJECTS PROFITABLITY DELAY 
FRTPER=(M) PRINTING PERIOD 
PROFIT=(£/Fi) PROFITS (GROSS) 
PSR=(TT/M) PRODUCTION START RATE (CEMENT) 
RCD=(£/t-1) RATE OF COLLECTING DEBTS 
RCMC=(£/ti) RATE OF CEMENT MANUFACTURING COSTS 
RCNP=((£/M)/M) RATE CF CHOOSING NEW P-t1 PROJECTS(DIV, ) 
RD=(i/F') DESIRED RATE OF DIVERSITY FOR RAMP DIV, CASE 
RDCRM=(1) R&D COST REDUCTION EFFECT MULTIPLIER 
RDCV=(£/M) RATE GF DIVERSIFIED CAPACITY VARIANCE 
RDER=(£/N) R&D EXPENDITURES RATE 
RDOT=(M) THE EFFECTIVE LIFE OF R&D EXPENDITURE 
RDPF=(1) R+D EXPENDITURE POLICY FACTOR 
RDFXA=(£/M) RATE OF CEPRECIATING FIXED ASSETS 
RICG=(f/h') RATE GF INTERNAL CASH GENERATION 
RIFXA=(£/ti) RATE OF INCREASE IN FIXED ASSETS 
RINP=(£/N. ) RATE CF INTERESTS PAID 
RESV=(f) RESERVES (RETAINED EARNINGS) 
RET=(1) RETAINED EARNINGS TROUBLES- ZERO OR -VE RATE OF 

RETAINED EARNINGS 
RNDCP=((£/n)/t'. ) RATE OF NEW DIVERSIFIED CAP, BECOMING 

PROFITABLE 
ROI=(1) RETURN ON INVESTMENT (X) 
ROO=(M) SEASONAL LENGTH 
RORD=(£/M) THE OBSOLESCENCE RATE OF R&D EFFECTS 
RROTA=(1/M) OPERATING RATE OF RETURN ON TOTAL ASSETS PER MONTH 
RRPRT=(£/r1) RATE OF RETAINING PROFITS 
S=(1) SCENARIO; A DUI Y VARIABLE TO TRY DIFFERENT 

FUTURE CHANGES IN THE BASIC CEMENT DEMAND PATTERN 
SAt1P=(1) SEASONAL DE1"AND AMPLITUDE 
SAOH=(£/N) SALES S ADMINISTRATIVE OVERHEADS 
SBLEV=(TT/M) STARTING BASE LEVEL DEMAND FOR CEMENT(UK) 
SCCOST=(£/(TT/l)) STARTING CAPACITY COST (CEMENT) 
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814 
81 5 
816 
817 
818 
819 
820 
821 
822 
823 
824 
825 
826 
827 
828 
829 
830 
831 
832 
833 
834 
835 
836 
837 
838 
839 
840 
841 
842 
843 
844 
845 
846 
847 
848 
849 
850 
851 
852 
853 
854 
855 
856 
85? 
858 
859 
860 
861 
862 

p 
D 
D 
D 
D 
D 
D 
D 
D 
p 

SCSR=(E/M) SMOOTHED CEMENT SALES REVENUE 
SD=(TT/M) CEMENT SEASONAL DEMAND(GROUP) 
SGFR=(1/M) THE LINEAR GROWTH RATE IN THE CEMENT DEMAND SCENARIO 
SPC=(£/M) STARTING POINT CONSTANT 
SPMR=(1) SMOOTHED PROFIT MARGINS RATIO 
SSCC=(TT/tt) 2ND. STAGE CEMENT CAP, IN COMPLETION 
SSCCR=((TT/t1)/td) 2ND, STAGE CEMENT CAP, COMPLETION RATE 
SSDC=(£/N) END, STAGE DIVERSIFIED CAP, IN COMPLETION 
SSDCR=((£/n)/M) 2ND, STAGE DIVERSIFIED CAP, COMPLETION RATE 
SSDCV=(E**2/M) SUM GF SQUARES OF DIVERSIFIED CAPACITY VARIANCE 
SSOCV=(TT**Z/M) SUM GF SQUARES OF CEMENT CAPACITY VARIANCE 
SST=(M) SALES SMOOTHING TIME 
SSVGP=(F. **2/t1) SUM OF SQUARES OF VARIATIONS IN THE 

GROSS PROFIT RATE SOFAR 
STIME=(t1) THE TIME AT WHICH THE FUTURE CEMENT 

DEMAND SCENARIOS HAPPEN 
SUCST=(E/TT) STARTING MANUFACTURING UNIT COSTS 
TACS=(t+) TIME TO ADJLST CLINKER STOCKS 
TAX=(£/tt) TAXES PAID 
TAXR=(1) TAX RATE AS % OF PROFIT 
TCAL=(f) TOTAL CAPITAL AND LIABILITIES 
TCAS=(£) TOTAL CLRRENT ASSETS 
TCLS=(£) TOTAL CURRENT LIABILITIES 
TCOST=(£/t1) TOTAL COSTS 
TDC=(£/fi) TOTAL DIVERSIFIED CAPACITY 
TEC=(TT/N: ) TOTAL EXPECTED CAPACITY 
TGPSFR"(£) TOTAL GROSS PROFIT AFTER DEPRECIATION SOFAR 
TIF=(1) TROUBLE INDICATOR FACTOR- A DUMMY FACTOR FOR EASE OF 

REFERENCE & ANALYSIS OF TROUBLE SPOTS 
TIME=(f) MONTHS, SIMULATION TIME 
TLOS=(C) TOTAL LOSS Cr CEMENT SALES 
TLTD=(£) TOTAL LONG-TERM DEBTS 
IOTA=(E) TOTAL ASSETS 
TPRT=(£/t? ) TAXABLE PROFITS 
TPRTY=(£) TOTAL TAXABLE PROFITS THIS YEAR 
TPSFR=(E) TAXABLE PRCFITS SOFAR THIS YEAR 
TSCC=(äT/tt) 3RD. STAGE CEMENT CAP, IN COMPLETION 
TSDC=(£/M) 3RD, STAGE DIVERSIFIED CAP, IN COMPLETION 
TSR=(£/M) TOTAL SALES REVENUE 
TSRTY=(£) TOTAL SALES REVENUE THIS YEAR 
UCOST=(£/TT) MANUFACTURING COST PER UNIT OF CEMENT 
L? KTR=(1) GROUP'S UK CpERATION TO TOTAL ACTIVITIES RATIO 
tR=(1) UTILIZATION RATIO 
VC=(TT/M) VARIANCE CAPACITY (CEMENT) 
VCS=(TT) VARIANCE CLINKER STOCK 
VCST=(£) MONETARY VALUE OF CEMENT STOCKS 
VSTOCKS=(£) VALUE OF CEMENT STOCKS 

D 
D 
D 
x 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

ý*** 
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Appendix 5-B 

Coefficients of Completion 

The internal structure of the DELAY3 macro in DYS. IAP is: 

Fz-l 
-. 0 

Bi cl Dl 

where; I is the input rate, 0 is the output rate, X, Y, Z are the internal 

levels, and Bl, Cl, Dl are the coefficients in question. This structure 

could be thought of in terms of a capacity construction process in which 

X, Y, and Z would be the stages of completion. If the average construction 

time is CDEL months it is assumed that the capacity spends CDEL/3 

months at each stage. 

When I units of capacity started, say, at the present time, it will 

go through the stages, and at any one time, the increment of each stage is 

given by; Xr I-X Y_ X-Y *_YZ. and the transient output flow 
=-'U' 

!J 

from each stage by; 
RX =' RY = ,,, and RZ =0= It It 0 

The idea is to use this set up to predict just how much capacity 

originated from a particular stage will be completely finished, that is to 

pass through the remaining stages, after the elapse of a certain time, 

FF1OR months. This is done here by simulating this set up and working with 

one unit of capacity injected to the empty structure from the input end and 

integrate the outputs of each stage separately throughout the 1101. Since 

the time particulars of each stage are the same as the others, track 

keeping of the movements is rather simple, for the integrated output from, 

say, stage X is the same as if it was originated from Z and integrated 

there, and so on. These values, then, are called the coefficients of 

completion for each stage - that is the portion of that unit capacity that 
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will pass. through the remaining stages of completion. Thus B1, Cl and 

D1 are the likelihood of completion of capacity for a similar structure. 

The simulation model for calculating B1, Cl and B1 is listed as 

follows: 

0* SIMULATION MODEL TO CALCULATE COEFFICIENTS OF COMPLETION 
1 NOTE -------f10DEL NAME: COEFFS ----- 
2LX. K=X, J+(DT/TAU)*(-X, J) 
3N X=1 
4N TAU=CDEL/3 
5C CDEL=60 
6LY, K=Y, J+(DT/TAU)*(X, J-Y, J) 
7N Y=O 
8L2, K=Z, J+(DT/TAU)*(Y, J-Z, J) 
9N Z=0 

10 L B1. K=E31, J+(DT/TAI: )*Z, J 
11 N B1=; ) 
12 L C1. K=C1, J+(DT/TAI: )*Y, J 
13 N Cl 
1.4 L Dl . K=Dl, J+. (DT/TAU)*K J 
15 N D1=J 
16 C LENGTH=72 
17 C DT=v. 25 
18 C PRTPER=0,50 
19 C FLTPER=0,50 
?. 0 PRINT R1, C1, D1rX, Y, Z 
21 RUN CDEL=60, FHOR=72 
22 C CDEL=36 
23 RUN CDEL=36, FHQR=72 
?4C CDEL=72 
25 C. LENGTH=84 
26 RUN C(: EL=72, LENGTH=84 
Z7 C CDEL=36 
28 RUN Ct. EL=36, FHOR=84 
29 C LEN'3TH=48 
30 RUN C., EL=36, FHQR-48 
31 C CDEL=4B 
32 RUN COEL;: FHOR=48 
33 D 81=(£/M) COEFFICIENT CORRESPONDING STAGE X 
34 D C1=(£/t. ) COEFFICIENT CORRESPONDING STAGE Y 
35 D CDEL=(t') PROJECT COI'FLETION TOTAL TIME 
36 D COEFFICIENT CORRESPONDING STAGE Z 
37 D DT=(M) SCLUTI011 INTERVAL 
38 D LENGTH=(t. ) FORECAST HORIZON 
39 D TAU=0"1) TIME DURATIGA OF EACH STAGE 
40 D TIME=(M) MONTH , SI1'LLATION TIME 
41 D X=(£/F0 IST STAGE CAPACITY IN PROGRESS 
42 D Y=(£/t"9) 2ND STAGE CAPACITY IN PROGRESS 
43 D Z=(£/t0 3RD STAGE CAFACIITy IN PROGRESS 
44 
45 ***+ 

I 
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Some of the simulated values of these coefficients for different CDEL 

and FHOR lengths are tabulated below: 

CDEL IHpg Coefficients of CorDletion 

(11, S) (mils) 
Bl Cl Dl 

36 12 0.079 0.264 0.633 
24 0.323 0.594 0.865 
36 0-577 0.801 0.950 
48 0.762 0.908 0.981 
6o 0.876 0.959 0.993 

48 12 0.040 0.173 0.528 
24 0.190 0.442 0.777 
36 0.390 0.658 0.895 
48 0.577 0.801 0.950 
60 0.723 0.888 0.976 

60 12 0.022 0.121 0.451 
24 0.120 0.337 0.699 
36 0.269 0.537 0.835 
48 0.430 0.692 0.909 
6o 0.577 0.801 0.950 
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Appendix 6-A 

Calculations of H"LF for some Selected Industries in the U. K., 1972 
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