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Construction of Market and Production Models 

and _ an Examination of their Interaction and 

Use for Planning Decisions 

SUMMARY 

The research was carried out in the New Metals Division 

of Imperial Metal Industries. The Division's primary 

business activity is the manufacture and marketing of 

semifabricated titanium. At the time of the initiation 

of the research, the Division was beginning to experience 

changing market conditions which threatened its monopoly 

position as a supplier of titanium in the United Kingdom. 

The need was apparent for a thorough evaluation of the 

Division's situation. Exploratory studies of the market- 

ing and production of titanium identified areas for further 

research effort. 

The behaviour of the Division's manufacturing costs were 

investigated in detail. As a result, the use of multiple 

regression analysis was put forward as an improved method 

for calculating cost absorption rates. The analysis of 

aggregated costs resulted in the development of a model 

of costs of different product mixes. This in turn led 

to a financial forecasting and cost monitoring system which 

was subsequently used by the Divisional Accountancy Depart- 

ment.
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A model was developed which described the source selection 

decision of the titanium customer. This was built as a 

logical flow chart. It is based on the concept of a 

list of acceptable suppliers from which suppliers are 

successively eliminated by a sequence of decision rules. 

A simulation model of the titanium market is built, com- 

bining the cost and decision models with models for various 

other aspects. This simulation is sufficiently general 

to be used to describe different segments of the titanium 

market. The simulation model has been used in exploratory 

long-range surveys of the total titanium market and for 

examining specific business opportunities.
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CHAPTER 1 

INTRODUCTION 

1.1 The Organisational Environment for the Research 1 

1.2 The New Metals Division of IMI 3 

1.3 The Problem Identified 3 

1.1 The Organisational Environment for the Research 

The research described in this thesis was carried out 

while the author was employed within the New Metals 

Division of Imperial Metal Industries (Kynoch) Limited. 

This Division forms a major operating unit of 

Imperial Metal Industries Limited, the majority of whose 

equity is held by Imperial Chemical Industries Limited. 

The author worked in the Economic Development and Planning 

Department, as indicated in Figure 1.1, which shows part 

of the Division's organisation structure. Much of the 

work was carried out in close collaboration with the 

Accountancy and Sales Departments. 

The research formed part of Aston University's Inter- 

disciplinary Higher Degrees Scheme and was supervised by 

a team of four. The main supervisor was a University 

management scientist, and the others were an accountant and 

a statistician from the University, and the Division's 

Economic Development and Planning Manager.



Figure 1.1 

ORGANISATION STRUCTURE OF PART OF THE 

NEW METALS DIVISION 
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1,2 The New Metals Division of IMI 

The New Metals Division is a largely autonomous part of 

IMI (Kynoch) Limited. It is engaged in the semifabrication 

and selling of titanium, zirconium, and various other of 

the "newer" metals. The research reported here has been 

concerned solely with the Division's titanium activities. 

Titanium represents the great majority of the Division's 

business, and largely utilises separate manufacturing and 

marketing facilities. It is produced in a variety of 

alloys in product formsranging from wire to billet. 

Table 1.1 gives some examples of the product range. The 

major raw materials entering the Division's factories are 

pure titanium granules, and various powdered alloying 

elements. 

The Division's products are sold to a large number of 

customers in most parts of the world. The industries 

which purchase the largest amounts of titanium are aero- 

space and process plant manufacturing. The material is 

used for aircraft and space vehicles largely because of its 

good strength/weight ratio, while it finds favour in process 

plant applications owing to its good corrosion resistance. 

Table 1.2 gives some typical uses for titanium products. 

1.3 The Problem Identified 

The project was set up at a time when the titanium market 

seemed about to enter a period of rapid change. The serious 

over-capacity in the United States Titanium Industry, the
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Table 1,2 

SOME APPLICATIONS OF TITANIUM AND ITS ALLOYS 

  

Industry Application Reason for Use 
  

Aero engine Gas turbine discs Good strength/weight 

  

manufacture Gas turbine blades ratio up to about 

Pipework 400°C 

Airframe Nuts and bolts Good strength/weight 

manufacture Heat shielding ratio up to about 

400°C and resistance 

to corrosion in the 

atmosphere 

  

Process plant| Heat exchangers 

      
manufacture in chlorine plants. 

Water cooler tubes 

in power stations 

Prosthetics Structural surgical 

manufacture implants, e.g. bone 

plates, heart valves   
Resistance to 

corrosion in some 

aggresive 

environments 

  
 



emergence of very large multi-national aerospace projects, 

and the reduction of some obstacles to international trade 

in titanium were each making the industry much more com- 

petitive than it had been previously. The Division seemed 

about to be forced out of its position as the monopoly 

supplier of titanium in the United Kingdom. These factors 

suggested that many of the Division's approaches to its 

business problems might have to change to cope with the new 

situation. 

The Titanium Industry is highly technological, and the 

sophisticated plant used for production is very expensive. 

This makes capacity change decisions extremely important 

to the Division. 

The Division's Economic Development and Planning Department 

had been formed a few years before the research project was 

set up. The Department's aims were to undertake business 

analysis, and to develop a series of planning tools to help 

with various decisions taken by the directors and senior 

managers. The project was conceived as part of this 

activity of the Department. 

The research project was intended to investigate the inter- 

action between production and marketing activities in the 

Division, and to develop a tool for helping with capital 

investment and marketing strategy decisions. As the research 

progressed, it did, in fact become necessary to construct 

various models in each of the production and sales areas, 

and the interaction between these models was examined.
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CHAPTER 2 

THE SYSTEM AND THE PROBLEM 

2.1 Chapter Preview * 

2.2 Titanium Production Facilities 7 

2.3 Production Procedures and Models 

2.3.1 The Divisional Accounting System 10 

2.3.2 The Divisional Linear Programming Model 10 

2.4 Titanium Marketing Activities tt 

2.5 Marketing Procedures and Models 12 

2.6 The Production/Marketing Interface 13 

2.7 <A Detailed Identification of the Problem 

2.7.1 Planning Activities in the Division 1h 

2.7.2 The Proposed Work 15 

2.8 Chapter Review 16 

2.1 Chapter Preview 

This chapter describes the production and marketing 

activities of the New Metals Division. Models and pro- 

cedures in use in these areas are described critically. 

A description of the planning processes in the Division 

indicates the background for this project. The develop- 

ment of a model which shows the interaction between the 

Division's production and marketing areas is identified as 

the major interest of the work. 

2.2 Titanium Production Facilities 

The New Metals Division uses a wide variety of production 

processes to convert its raw materials to final products.



Although the majority of work is carried out within the 

Division, specialist sub-contractors are used for some 

processes. 

Each product has a specific production route, which 

indicates the manufacturing operations to be carried out 

to produce it. Although these routes vary greatly from 

product to product, the first few stages, from raw mat- 

erials to ingot, are common to each product form. The 

various raw materials are blended in appropriate proport- 

ions, and then compacted and welded to form an electrode. 

The electrode is melted to an ingot in a vacuum furnace, 

Impurity-rich parts of the ingot surface are removed on 

a lathe. 

From this stage, the routes diverge markedly. The various 

deformation processes used include forging, rolling, tube 

reducing and wire drawing. The Division's machining 

facilities include lathes, planers, saws and grinders. 

Many other operations are carried out, such as shot-blast- 

ing, annealing and chemical etching. Testing of various 

types is applied at several stages in each product route. 

Figure 2.1 gives an outline of a few production routes. 

Most production is initiated by a specific order for a 

product from a customer. A small number of products are 

stocked, however, and stock replenishment orders initiate 

their production.
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Figure 2.1 THE MAJOR PROCESSES IN SOME PRODUCTION 
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2.3 Production Procedures and Models 

2.3.1 The Divisional Accounting System 

The Divisional Accountancy Department reports fin- 

ancial data describing the Division's current and forecast 

operations to the Company Accountancy Department. The 

system can be regarded as a descriptive model of the financial 

aspects of the Division. The Divisional Accountancy Depart- 

ment also provides management control information of various 

types. As part of this activity a budgetary control system 

is operated, and standard product costs and cost absorption 

rates for centres of production are calculated. 

Most of the planning carried out in the Division is very 

dependent on information obtained from the accounting system. 

This data is open to criticism on two counts: it is based 

on cost behaviour assumptions which have not been verified, 

and it is derived for stewardship purposes, and so not 

initially obtained for planning. 

2.3.2 The Divisional Linear Programming Model 

A linear programming model of the Division had recently 

been developed, which described the Division's activities 

in considerable detail (it used a representative 350 or so 

products). It was intended to be used mainly for showing 

which disposition of production resources would give the 

highest profit in a planning period. The model is form- 

ulated as a set of constraints which describe maximum demand 

for each product, maximum capacity available in production 

centres, and attributes such as costs of production and 

production routes.
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The data used for the model was obtained from three major 

sources, Demand-and price information was obtained from 

the Sales Department, plant capacity and production route 

details from-the Production Department, and variable cost 

absorption rates from the Accounting Department. 

Although the model was based on accepted data and production 

systems, it had not yet been fully accepted as a planning 

tool. Just how long it would take to gain complete accept- 

ance from all the necessary personnel was not clear. 

However, it was obvious that some of the Divisional manage- 

ment lacked confidence in the model's formal treatment of 

data (especially the cost data). 

2.4 Titanium Marketing Activities 

The Division actively markets titanium by various means. 

It has sales engineers in the field, arranges promotional 

conferences, attends trade shows, and carries out applicat- 

ions and product development work, both on its own and joint- 

ly with customers. Part of the sales organisation deals 

with routine enquiries and orders. 

Historically, the Division has had little competition in 

titanium in the U.K., and has also made significant sales 

into Western Europe. This situation is now changing, as 

some applications for titanium become routine, tariff and 

other barriers to international trade are reduced, and, 

outside the U.K., over-capacity in titanium is common.
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2.5 Marketing Procedures and Models 

The Division's sales organisation regularly produces sales 

forecasts. These are made, for different lengths of time 

up to several years, in a variety of detail. They are 

produced, essentially, by a process of summation of dif- 

ferent experts' views, each for a different sector of the 

total market. The forecasts are of sales, and so have 

as an upper limit, IMI's expected production capacity. 

The Planning Department have recently introduced a routine 

for improving the summation process, so that a measure of 

the forecast's precision can be obtained, 

No large scale attempt to produce sales forecasts by any 

other approach had apparently been made. The current 

forecasts relied almost solely on experts' judgments. 

Although these forecasts were obtained in such a subjective 

way, they were surprisingly accurate. They achieved gen- 

erally better accuracy than would be expected of statistical 

forecasts because they were able to take account of specific 

aerospace projects. These forecasts were however, con- 

sistently yessimistic, the pessimism (measured as the excess 

of actual over forecast sales) increasing with the distance 

into the future of the forecast period. (For more details 

about this phenomenon, please see Appendix AS2ie 

A formal model or estimate was not available which would 

show how these forecasts would change if given environ- 

mental conditions altered from those assumed. This factor
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severely limited the usefulness of the forecasts, which 

had to be revised frequently. 

2.6 The Production/Marketing Interface 

There is much informal contact between members of the 

Production and Sales Departments. This is often about 

particular problems concerning specific orders. various 

committees exist which consider more general problems, and 

which have a membership including both sales and production 

personnel, 

The various procedures and two models already described do 

in fact take account of this interface. The accounting 

system uses as one of its "inputs" the sales forecast. 

All the budgets, and thence standard costs, depend on the 

current sales forecast. The forecasts in turn reflect the 

expected interaction of IMI's capacity on the orders it will 

obtain. The linear programming model reflects the inter- 

action of production and marketing in a richer way. Demand 

constraints (which indicate the maximum sales achievable of 

each product) are used with constraints describing the 

production set up, to describe the Division's environment. 

The LP model then selects the optimum product mix. There 

is no explicit planning procedure with the power to show 

the effect on demand of other market factors such as lead 

times, price or quality.
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2.7 _A Detailed Identification of the Problem 

2-7-1 Planning Activities in the Division 

Historically, the Division has not been strong in 

the strategic planning area. Although a planning depart- 

ment has now existed for a few years, a strong commitment 

to planning is still lacking from some departments. The 

LP model, the only major planning aid developed, still 

lacks credibility in some quarters. 

The long term policies which the Division has operated 

during its existence seem to have arisen by force of 

circumstance. The business was developed from the research 

activities of the Metals Division of ICI (IMI's predecessor), 

as a monopoly supplier in the U.K. Sales effort was 

devoted to developing uses for the metal. As a major 

use developed in the aircraft industry, the Division was 

able to expand its capacity to take the bulk of this highly 

profitable business. In 1967 IMI took over Jessop Saville, 

the Division's only U.K. competitor,to strengthen its mon- 

opoly. 

Capital expansion decisions were taken against the aircraft 

industry expecting good returns. The Division was for 

some years out-performing the rest of the Titanium Industry. 

However, no formal capability existed for assessing the 

risks of the large number of aerospace projects against 

which the Division was committing large amounts of capital. 

This led to the situation where the Division had little 

feeling for the risk in its annual profit forecasts.
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In fact, on occasion,its forecast level of profit was not 

achieved for this reason. 

Over recent years, the U.K, Aerospace Industry has become 

rationalised, and the home titanium market less protected. 

These factors led to the Division's dependence on fewer 

aircraft projects than hitherto. These projects are in 

turn controlled by a smaller number of aerospace companies. 

The Division is now in the position where most of its 

output is taken by two British aerospace companies - 

Rolls Royce (1971) and the British Aircraft Corporation. 

The risk of this situation was forcibly demonstrated when 

Rolls Royce collapsed in 1971, resulting in a considerable 

amount of idle manufacturing capacity for IMI. 

These factors seem to indicate that there could be great 

benefit to the Division if it was able to continuously 

re-appraise its business strategies. This project aims 

at providing a tool to help such a process. 

2.7.2 The Proposed Work 

The major aim of this project is an attempt to model 

the interaction between IMI's production resources, and 

its market for titanium. Although this interaction was 

modelled by the accountancy system and the LP model, neither 

of these considered the effects of variables other than 

price and sales weight. The object of this project is to 

try to include the effects of other variables significant in
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the production/sales interface. A simulation model is 

proposed for this purpose. 

To develop such a model, two types of "building block" 

are necessary: models of customers, and models of suppliers. 

These models must include all the important elements and 

be mutually compatible. 

The models of customers had to be developed from scratch, 

since no formal statement existed which indicated the 

effect of the various market factors. After exploration 

of a number of types of model, a model of a "typical" 

customer was developed by generalisation from IMI's 

customers. This took the form of a flow-chart which broke 

each buying decision down into its component parts. 

Various aspects of the titanium supplier were modelled, 

based on a detailed knowledge of IMI. The major contribut- 

ion was to indicate how costs varied with production levels. 

In IMI this was useful per se. Other aspects such as 

production lead times and capacity expansion were modelled. 

To examine the behaviour of the titanium market, these 

models were combined in a communication structure. 

2.8 Chapter Review 

The activities of the production and marketing departments 

have been briefly described. The models of aspects of 

these departments' work have been summarised.
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The central area for study in this project has been 

identified as the production/sales interface, which would 

draw together the results of existing parallel activities 

in the Division. 

Various models of supplier behaviour, including a logical 

flow model of customer behaviour are required for the 

study of interaction. It is proposed to study market 

behaviour using a simulation model.
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CHAPTER 

A_PREVIEW_OF THE THESIS 

3.1 The Work 18 

3.2 The Thesis 20 

3.1 The Work 

All the work carried out as part of this research project 

was designed to contribute to the planning process. 

It was further aimed at the production of a tool which 

would help strategic planning in the Division, by showing 

how IMI's production processes and markets interacted, 

and enabling experiments to be conducted in the market. 

With these objectives, a variety of work was carried out. 

Wide ranging surveys of market behaviour from IMI's point 

of view led on to the study of the titanium buyer, and his 

behaviour is described in terms of a flow chart. 

Cost behaviour was identified as one of the most important 

aspects of titanium suppliers. After an extensive review 

of the Division's accounting system, a scheme for describing 

the variation of the manufacturing costs for titanium was 

developed. Study was made of other aspects of IMI as a 

titanium producer: how long it took for delivery, how 

quotations were made, etc. Similar behaviour was deduced 

for other suppliers. These aspects of behaviour were 

combined by a study of the European titanium market.
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A structure of suppliers and customers was put together 

and market behaviour predicted. This agreed well with 

the observed behaviour. 

The major use of the work is seen in systematic planning 

and ad hoc studies made possible with this market study. 

Figure 3.1 indicates the structure of the research. 
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3.2 The Thesis 

The thesis is structured round the problem solving approach 

used in this research project. After the first three 

introductory chapters, Chapter 4 presents some results 

of the introductory survey of the titanium market. 

The other introductory work in the marketing area is 

described in Appendix A. The development of the work 

concerning the titanium customer's buying decision is des- 

cribed in Chapter 5. 

Chapter 6 presents the study of manufacturing costs in IMI. 

The preliminary survey of the accounting system is briefly 

described in Appendix B. Chapter 7 shows how the supplier 

and customer aspects of the titanium market are put together. 

The necessary minor studies of titanium suppliers are des- 

cribed in this chapter. The extensive usefulness of this 

part of the work is described. Chapter 8 reviews the work 

and sets it in its practical and academic context. 

The appendices are used to show the different behaviour 

studied: Appendix A concerns customer behaviour, Appendix B, 

supplier behaviour and Appendix C shows work in the market 

interaction of customer and supplier. The appendices in 

general include detailed material which will be of use only 

to those readers with a special interest. All the literat- 

ure surveys are placed within appendices. Appendix D 

contains an (as yet) unpublished working paper cited as a 

reference.
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CHAPTER 4 

A STATISTICAL PROFILE OF THE DIVISION'S CUSTOMERS 

4.1 Chapter Preview 21 

4.2 The Investigation Carried Out 

4.2.1 The Intention 21 

4.2.2 IMI's Procedures with Customers 23 

4.2.3 Information Sources 25 

4.3 Sample Distribtuions 

4.3.1 Enquiry and Order Frequencies 26 

4.3.2 Enquiry and Order Sizes 26 

4.3.3 System Time Intervals 31 

4,4 The Statistical Profile 
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4.4.2 Uses of these Findings 36 

4.5 Chapter Review 38 

4.1. Chapter Preview 

This chapter describes an exploratory investigation of 

IMI's titanium customers. The results are discussed from 

the point of view of their use to IMI, and for their 

application to the rest of this project. 

4,2 The Investigation Carried Out 

4.2.1 The Intention 

In order to give the author a feel for the behaviour 

of the market, a survey was carried out of IMI's titanium 

customers. As a secondary objective it was hoped to
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identify the key market factors which IMI was able to 

control. Since the routine dealings with the customers 

largely took place in the Divisional Sales Office, the 

investigation was based on that Department. 

The approach taken was to regard the Division and its 

customers as two "black boxes", It was possible to 

identify flows of various types between them. These 

are indicated in figure ede There were certain aspects 

about these flows which were measurable: others were not. 

The investigation concentrated on the measurable quantit- 

ies; these were largely weights, dates and numbers of 

occurrences. It did not prove possible to measure 

factors such as loyalty, other suppliers' quotations, or 

quality. 

Figure 4.1 FLOWS BETWEEN IMI AND ITS CUSTOMERS 
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4.2.2 IMI's Procedures with Customers 

The Sales Office is the-department in the Division 

which controls the quoting and ordering process. 

The office receives product enquiries from potential 

customers by telephone, mail and telex. If the product 

is outside the Division's range the customer is immediately 

notified that the Division is not in a position to sell 

that product, 

For products within IMI's product range, reference is made 

to the plants for a delivery indication, and then a delivery 

and price quotation sent to the enquirer. The quotation 

is usually telexed within one day and a confirmation sent 

by post. 

The customer decides whether or not to place an order! based 

ei ehie quote. Orders Aes also placed by customers with- 

out prior enquiry. The system is shown diagrammatically 

in figure 4.2. 

When an order is placed by a customer, the Sales Office 

places an order on the Production Department, and confirms 

the order with the customer, When the titanium has been 

manufactured, the Production Department arrange delivery 

of the goods and simultaneously (normally) send an invoice 

to the customer, Cash payments are received by the central 

Company Accountancy Department. 

  

The definition of order used in this survey followed internal 
IMI practice. An order was regarded as that quantity of one 
product ordered by the customer at one time. 

When multiple orders or enquiries were received, Sales Office 
personnel were under instructions totreat each item separately. 
Industry practice was for each order decision to be made 
independently, so’ that quotations for one product did not affect 
the buying decisions for other products. 

The sales management's belief that there are no important cross- 

elasticities between the demands for the various products is 
backed up by examination of the technical design procedures which 
generate titanium demand.
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Pigure 4,2 THE ENQUIRTNG, QUOTING, ORDERTNG, 
AND _ DELIVERING SYSTEM 
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There are cases where this sequence of events is altered 

somewhat. For some customers, payment is required by 

IMI before despatch. In these circumstances, the invoice 

is issued when the material is ready for despatch. In 

other cases, order modifications and cancellations are 

received after the original order has been placed. Some 

orders are despatched as several separate items. 

4.2.3 Information Sources 

A search of files in the Sales Office yielded a 

substantial amount of data. Records of enquiries received 

were kept. These showed the number and sizes of enquiries 

on each day. Similar records were available for orders. 

Files of "dead" orders were kept which showed the order, 

despatch and invoicing details for each delivery. It 

was not possible to establish whether specific enquiries 

led to orders, or whether a given order was placed as a 

result of a prior enquiry. However it was feasible to 

find out the delivery date for most orders from Production 

Department files. The date of payment of invoices was 

also obtainable, for U.K. customers only, from records kept 

by the Company Accountancy Department. Samples were 

assembled of the following quantities: 

Number of enquiries per day 

Number of orders per day 

Sizes of enquiries 

Sizes of orders
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These related to the first six months of 1972. 

A random sample of 80 orders was selected and where pos- 

sible the progress of each of these was traced through 

from enquiry to cash payment. This was only possible 

for some orders from British customers, and principally 

yielded information about time intervals in the system, 

3 inple Distributions 

The distributions of the various quantities observed are 

described in this section, Where the distributions are 

similar to- theoretical statistical distributions, this 

fact is noted, Although histograms are shown here to 

describe the distributions, the reader who desires more 

information will find, in Appendix A,1, the data and results 

of comparisons with theoretical distributions. 

. Me3e1 Enquiry and Order Frequencies 

The distribution of the total number of enquiries 

received on a day is shown in figure 4,3. Its mean and 

standard deviation are 19.8 and 9.4 respectively. The 

order frequency distribution (figure 4.4) had a mean of 

19°7 per day and a standard deviation of 8.0 per day. 

4.3.2 Wnquiry and Order Sizes 

The distribution of enquiry sizes (measured by weight) 

is shown in figure 4.5, A mean of 439 kg. and a standard 

deviation of 1559 kg. were calculated? The order size 

  

1. ‘The standard deviations of enquiry and order sizes are calculated 
to draw attention to the similarity of the dispersions of the 
two distributions. As a measure of absolute spread, the 
standard deviation is of little use with such skew distributions.
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Figure 4. THE DISTRIBUTION OF THE 
WEIGHT OF ENQUIRIES 
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distribution (figure 4.6) had a mean of 561 ke. and 

a standard deviation of 1510 kg. Both of these dis- 

tributions were strongly affected by a few very large 

items. The two distributions are very similar. 

The sample of order weight against order price (figure 

4.7) suggested an underlying linear relationship. This 

was estimated as: 

P= 27.6 + 5.05 Ww (r* = .989) 
where P represents the order value in £ and W the order 

weight in kg. 

Figure 4.6 THE DISTRIBUTION OF THE WEIGHT OF 
ORDERS RECETVED 

Relative 
Frequency 
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The relationship in itself is interesting, since the 

Division operates a policy of adding "extras" to small 

orders. For this reason one would expect the positive 

constant in the equation. However, this constant is 

so small in relationship to the value of most orders 

(the average order value was about £500) that this 

suggests that the price extra policy might not be function- 

ing well. 

Figure 4.7 also shows a surprisingly low amount of spread, 

since the points represent widely varying products. 

Perhaps this suggests that the Division charges low prices 

for its products with high work content (such as wire), 

compared to products at the other extreme. 

    

Figure 4.7 THE RELATIONSHIP BETWEEN ORDER 

PRICE AND WEIGHT 
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4.323 System Time Intervals 

‘Three intervals were examined: enquiry to order 

time, order to delivery time, and delivery to payment 

time. The sample of enquiry to order "delays" was rather 

too small at 8 orders to afford any useful conclusions, 

put the other two distributions are shown in figures 4.8 

and 4.9. The time between order and delivery had a mean 

of 48.3 days. The distribution was similar to an exponent- 

ial distribution. Although it appeared that invoices were 

normally sent on the same day as the delivery was made, no 

specific check could be made. The distribution of delivery 

to payment times had a mean of 64 days and a standard dev- 

iation of 37 days. It was similar to a normal distribution. 

The time between order and delivery, the production lead 

time for the product, is subject to fluctuation as the 

production situation varies. The sample was taken over 

a short enough time period to avoid such fluctuations but 

the distribution will not necessarily be appropriate for 

other periods. It is of note that about two thirds of the 

orders are delivered in a time less than the average.
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4.4 The Statistical Profile 
det 6 

4.4.1 Combining the Observed Distributions 

Figure 4,10 shows in diagrammatic form, the empirical 

distributions obtained in this study. Each graph indicates 

a characteristic of the process shown, or of the link 

between two processes. Since few of the distributions 

obtained could be characterised by theoretical models, 

it was not feasible to combine them analytically. However,
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it would be easily possible to combine these empirical 

distributions using a simulation technique to show the 

behaviour of the entire system. This could be done by 

selecting values at random from each distribution, and 

thus following enquiries and orders through the system. 

It would then be possible to compare the behaviour of 

this system with independent measures of its gross behaviour, 

such as the monthly value of despatches, prepared by the 

Accountancy Department. 

Such a course was not considered worthwhile as part of 

this project as it would contribute to neither of the 

objectives of this part of the work. 

However, two exercises of this kind were carried out, since 

it was apparent that they would give a useful insight into 

the system, and have immediate uses elsewhere. The theoret- 

ical distributions for order to delivery and delivery to 

payment times were combined using the approach outlined 

aboves This gave a distribution of order placing to pay- 

ment time which is shown in figure 4.11. Another study 

was carried out which gave a distribution of cash flow 

(or payment) attributable to single days (figure 4.12). 

A sample was taken of the distribution of orders per day. 

The appropriate number of samples were then taken from 

the order weight distribution, and for each order, its 

value obtained by using the regression relationship found 

  

1. The independence of the observed distributions is demonstrated in 
Appendix A.
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between order value and weight. To take into account 

the spread of points around the regression line, a sample 

from a normal distribution with the appropriate standard 

deviation was added to the value. The probability of 

an enquiry becoming an order was estimated to be 0,38. 

This was computed using the mean rate of arrival of 

enquiries and orders, and the relative frequency of enquired 

orders, out of all orders. 

Figure 4.11 THE SIMULATED DISTRIBUTION OF 
ORDER _TO PAYMENT ‘TIME 
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Pigure 4.12 

DAILY CASH FLOW DISTRIBUTION 
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4.4.2 Uses of these Findings 

This study was aimed at giving the researcher an 

insight into the behaviour of titanium customers. It 

achieved this aim. As a secondary objective, it was 

hoped to identify the factors important to the titanium 

buying decision. This was not achieved, for two major 

reasons. No measures could be obtained for some factors,
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while for others, such as the influence of price on 

enquiry success rates, a much larger sample would be 

required to estimate the behaviour. Such a large effort 

seemed somewhat inappropriate in the context of this 

project and since there were still going to be factors 

which could not be measured. 

Certain aspects of the work however could lead to improve- 

ments of planning and control procedures in the Division. 

The distribution showing the number of orders and enquiries 

received on a day could be of use in planning any change 

in Sales Office organisation: if its capacity is measured 

by its order and enquiry processing rate, then the capacity 

required to always give the appropriate speed of processing 

can be determined. The measures of elapsed time between 

ordering and delivery afford a useful measure of production 

lead time, A check could be kept on this quantity to 

monitor plant efficiency. The delivery to payment time 

details should be useful in cash flow budgeting. Since 

the length of these delays directly affects liquidity, it 

might be considered worthwhile to set up a system for mon- 

itoring this aspect of the system. Currently, this inform- 

ation is not made available to the Division. It could 

be of great benefit to the Division to keep a careful check 

on the ordering and enquiring pattern of its customers as 

both the daily frequency, and the sizes of such items are 

of interest. One way to do this would be to set up



statistical control charts, Regular samples of each 

quantity could be taken, Where the number of enquiries 

on a given day fell outside a "control interval" set 

using the empirical distribution, the cause might be 

investigated. The control limits would be set at 

levels such that one would be surprised if the number 

of enquiries fell outside the range, given stable market 

conditions. One crucial factor of Sales Office procedures 

is the conversion of enquiries to orders. It would enable 

more control to be affected on the system, if the variation 

of the "conversion probability" could be measured, and 

monitored. It would thus be useful if the record keeping 

procedures could be changed to note which enquiries become 

orders. 

4.5 Chapter Review 

This chapter has described an investigation based on the 

Division's Sales Office. Enquiries and orders were studied 

from the point of view of their size and frequency. Time 

lags from enquiry to cash payment were examined. 

The results gave a useful insight into the market, but the 

investigation was not able to identify and measure all of 

the important market factors. The distributions obtained 

gave useful information for Sales Office planning and control, 

and some worthwhile guides for cash flow budgeting emerged.
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5 Chapter Preview 

This chapter describes the behaviour of the individual 

titanium buyer in terms of a flow chart of his decision. 

The development and uses of this model are set out. 

5.2 The Need for Such a Model 

The major aim of this project was to produce a tool for 

evaluating realistic business strategies. To achieve 

realism it appeared necessary to be able to show or model 

the effects of all the important factors influencing buying 

decisions. The investigation described in the previous 

chapter was not clearly able to show the effect of some 

factors apparently influencing each buying decision. 

A different approach was thus required, from the analysis 

of aggregate buying behaviour, The work described in 

this chapter thus aims to build up an explanatory model
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of the individual buying decision, based on the behaviour 

of the buyer, 

523 The Structure of the Model 

A literature review of explanatory models of individual 

industrial buying behaviour forms part of Appendix A, 

This showed that most models of this type have been con- 

structed by considering the individual buying decision as 

a series of sequential sub-decisions,. Models built on 

these principles generally consisted of a flow chart with 

a number of alternative routes through it. 

The building blocks of these flow charts generally con- 

sisted of either branching or non-branching processes, 

The path taken out of these blocks branches if it depends 

on the answer to a given question, 

These blocks can be put together to perform various types 

of behaviour, A survey of decision models (Moore (1969b) ) 

has classified the functions carried out by parts of the 

models into categorization, choice and computation, 

Categorization involves each supplier being evaluated against 

some fixed criterion. Choice involves the selection of some 

"best" subset of suppliers, while computation is a situation 

where no alternatives are considered. 

One feature of models of this type is feedback or memory 

behaviour, If a decision is modelled as being dependent on
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past outcomes as well as current inputs to the decision 

process, then inertia or loyalty! will be apparent in the 

outcome of successive decisions. 

The model of titanium buyer behaviour used a flow chart 

to describe the activity of the buying centre.* Although 

most work has been done concerning a single individual’ 

decision-maker, the model was structured around the decision 

rather than the decision-maker or makers. 

5.4 The Model Building Methodology 

Two major techniques have been used to build such models 

in the reported studies. One method involves the decision 

makers describing their behaviour to the model builder, 

by answering questionnaires, being interviewed, or "thinking 

aloud" while making the decision. The other technique 

used is for the model-builder to observe the decision-maker 

at work in his normal environment. These two methods, 

often used together, serve to model the decision maker's 

decision rules, Such a study of actual buying decisions 

would prove difficult in the Division's context. 

It was, however, decided that it would be more appropriate 

to model the perception which the Division sales managers 

had of their customers! buying behaviour, Although this 

  

Please see Bubb and van Rest (1973) for a discussion 
and literature review about the concept of loyalty. 

The buying centre is that group of individuals exerting 
an influence on the decision outcome.
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would entail possible "errors" from "real" behaviour, 

it was regarded as superior in two areas: because it 

would fit in with the managers beliefs, it would stand 

a much greater chance of being used by them, and it would 

involve no difficulties in customer relations. 

The author made a study of the various files and reports 

available in the Sales Department, These were scanned 

particularly for reports of customers buying behaviour. 

Table 5.1 indicates the types of comment made in the most 

appropriate reports. The Monthly Sales Managers' reports 

were the most useful for anecdotes of market behaviour, 

These reports were searched for a period of about a year 

to find all references to competition and buying behaviour 

of customers, Although the reports presumably consisted 

of exceptions to the rule, these references turned out to 

be capable of generalisation. Some 70 anecdotes were col- 

lected from these reports. Some typical comments are shown 

in Table 5.2. 

Already the researcher seemed to be getting a "feel" for 

some of the decision rules which the customer operated. 

Next a series of interviews were conducted at which each 

of the anecdotes were discussed with the appropriate sales 

manager. His explanation of the behaviour experienced was 

noted.
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THE MORE SIGNIFICANT ROUTINE 

SALES REPORTS LOCATED 

Reports of Representatives to Technical Sales Managers 

Monthly reports from each sales representative, 

detailing visits, and describing market activity. 

  

  

2. Sales Managers' Monthly Reports 

These monthly reports describe the important events 

in the market place, and also pick out instances of 

competitive activity. 

3. Reports of Sales/Commercial and Sales Director's 
Meetings 

These reports cover the market area generally ina 

less detailed fashion than those above. 

Table 5.2 

EXTRACTS FROM SALES MANAGER's REPORTS 

1. "Competition 

1) Customer A worried that our industrial dispute 

should delay material despatches have ordered 

material from supplier X. 

2) There is a possibility of losing some IMI 155 sheet 

business at Customer B due to their material short- 

ages because of late ordering." 

2. "Concerning competitive activity, we have clearly lost 

some metal finishing business from Customer C and 

others during the last year, as a result of our higher 

prices, and this has gone mostly to supplier Y and 

supplier Z. We are now offering Customer C special 

prices for jig section and wire, and this has already 

resulted in some small orders for wire."
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The researcher next described each of the amplified 

anecdote descriptions in terms of a separate flow-chart,. 

Some examples of these form figure 5.1. These, however, 

showed only one path through each decision point. A 

flow-chart was next produced which attempted to generalise 

from these individual models. Where the individual models 

were not compatible, decisions based on the customer's 

identity were used to incorporate the various types of 

behaviour, By this means a flow-chart was obtained which 

described general customer behaviour, 

A slightly simplified version of the model was written in 

prose, and circulated to the sales managers for comment. 

This description forms figure 5.2. At a further series 

of interviews the comments made by each sales manager were 

discussed with him. These suggestions were incorporated 

into a further version of the model, which forms figure 5.3. 

By this stage, the sales managers were in a position to 

agree that the model had generalised from the exceptional 

cases of their reports, to the behaviour of the "general 

individual buyer", 

5-5 A Description of the Model 

The model may perhaps best be described as a "list process- 

ing" system. A list is initially set up, using current 

data, of the acceptable suppliers to the buyer. Enquiries 

are placed on these suppliers. A list is then produced 

of quoting suppliers. The quotes are used, along with
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Figure 5.1 FLOW CHARTS FOR INDIVIDUAL DECISIONS 
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VERBAL DESCRIPTION OF PURCHASER 
FLOW CHART SENT TO SALES MANAGERS 

Titanium Purchaser Behaviour 
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I have made the decision to buy a given quantity 
and product of titanium, 

I prepare a list of suppliers of this product, 
from whom I would be willing to buy. 

Enquiries are made of these suppliers. 

Quotations are received from suppliers. 

From these, I calculate when I expect deliveries 
would actually be made. z 

Bliminate from consideration suppliers who:- 
a) would be expected to deliver after the deadline, or 
b) quote a price above my absolute maximum. 

If there are now no suppliers left, relax these con- 
straints until at least one supplier is acceptable. 
If only one supplier is left, go to step 12. 

I make a list of the following factors in order of 
their importance to me: price, expected delivery 
lead time, product quality, loyalty to supplier, 
pressure from my customer. 

Select the supplier who performs best against the 
factor at the top of this list. If this performance 
is significantly better than any other supplier's, 
go to step 12. 

Eliminate from consideration those suppliers with a 

significantly worse performance. Move the most 
important factor to the bottom of the list. If I 
have not considered each factor on the list, go 
back to step 9. 

If more than one supplier is stil? being considered, 
make a list of the preferred suppiiers at this stage. 

Release details of preferred supplier or suppliers 
to selected suppliers. 

Receive their response in the form of requoting and 
activity from their salesmen. 

If the response was insignificant, place the order 
with the preferred supplier or suppliers. 

If I am convinced, alter the expected delivery time 
from one or more suppliers. 

If I am persuaded, alter the maximum price and delivery 

deadline, 

If I am persuaded, alter my ranking of some of the 
important factors (in step 8). 

If I am persuaded, alter the significance level for 

step 9. 

Carry out steps 5 to 12 again. 

Place the order on the preferred supplier or suppliers. 

Receive titanium. 

Evaluate supplier against his quotes. 

Update my impression of his performance and credibility.



Figure 5.3 

47 
THE BUYING DECISION MODEL 
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the customer's requirements, to eliminate those suppliers 

from the list who do not meet the required delivery dead- 

line, or maximum price, 

Providing there is still more than one supplier on the 

list, further suppliers are eliminated using the following 

process. Each customer is considered to have a priority 

decision variable from the following list: price, delivery, 

loyalty to his customer, his expected product quality, and 

pressure from his customer for which the order is destined. 

All suppliers are then compared on the basis of this variable. 

Those who perform significantly worse than the best supplier 

are eliminated. The same procedure is carried out for the 

next most important variable, and so on until either only 

one supplier remains or the list is exhausted, If more 

than one supplier remains, the process is repeated with 

the decision sensitivities increased. 

The remaining supplier or suppliers on the list are re- 

garded as preferred. This information is transmitted to 

the various suppliers who then have a chance to respond, 

by re-quoting, or persuading the customer to alter his 

order of importance of decision variables, or persuading 

the customer that he will perform better than previously 

expected in some respect. 

After the responses have been received from any suppliers, 

the list processing procedure is carried out in precisely 

the same way, from the quoting stage onward. After the
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preferred supplier or suppliers have been determined, 

the order is spread equally among them. 

The flow-chart model was programmed in FORTRAN for use on a 

computer. It was written with prompts so that it would 

be suitable for use from an on-line terminal. The major 

difficulty at this stage was the necessity for refining 

some quantities (such as loyalty and quality) not previously 

measured to provide quantitative data for the computer 

model, This scaling process, although clearly arbitary, 

was carried out in an intuitively reasonable way. The 

author's estimates of these parameters were used to check 

the system with the previously discussed anecdotes. 

526 Model Validation 

Since all the available anecdotes had been used to build the 

model, it was not immediately possible to check the model 

against an independent set of market incidents. Two val- 

idation procedures were used, however, both of which were 

appropriate in that they would clearly help to demonstrate 

to IMI personnel that the model was a reasonable description 

of reality. 

One test! concerned the structure of the model: it was 

discussed with people inside and outside IMI, who agreed 

that it seemed a reasonable way to structure the decision, 

For another test, some hypothetical situations were specified 

to various knowledgable people in IMI, and their expectations 

  

U This procedure is known as face validation.
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of the decision outcome noted. These were compared 

to the outcomes obtained from the model, and good agree- 

ment between the two was noted!, 

It did not seem to be appropriate to estimate empirically 

the distributions of the decision variables, in order to 

check the model outputs. 

As time progressed, more anecdotes became available from 

the market. These were checked with the model, and good 

agreement again obtained. 

5.7 The Uses of the Model 

The development of this model involved extensive computer 

programming. The resultant model was straightforward 

and so would be readily useful to management, In fact 

two out of three sales managers expressed an interst in 

using the model for rapid analysis of particular situations. 

This is seen as its major immediate use. 

The model also forms a major part of an extensive simulation 

model of the titanium market. It is of limited use in 

isolating the key influences in individual decisions. 

5.8 Chapter Review 

A model of the general titanium customer was developed 

after interviews with the Division's sales managers, 

This shows the customer as working to a list of acceptable 

  

This test is known as a Turing test, after its originator (Turing (1956)).
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suppliers for each order, Suppliers are eliminated 

from the list if they fail to perform satisfactorily on 

price, delivery, or quality, or as a result of the 

customer's loyalty or pressure from his customer, The 

model was written as a flow chart and programmed for use 

on a computer. 

Its principal uses are as a tool for evaluating individual 

market situations, and as a component of the titanium 

market simulation developed later.
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CHAPTER 6 

THE MEASUREMENT OF COST BEHAVIOUR 

6.1 Chapter Preview 52 

6.2 The Requirement for a Model of Cost Behaviour 53 
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6.3.2 Behaviour of Total Costs in Cost Centres 59 

6.3.3 Cost Absorption Rates 62 
6.3.4 Use of Low Level Cost Behaviour Data 65 

6.4 Determination of Cost Behaviour using Aggregated 
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6.4.1 The Accountancy Approach 65 

6.4.2 The Data Available 68 

6.4.3 The Analysis Performed 68 

6.4.4 Results of the Analysis 70 

6.4.5 Uses of these Results 72 

6.5 Comparison of Low and High Level Cost Analysis 

6.5.1 Level of Detail 72 

6.5.2 Assumptions Necessary yD 

6.5.3 Implementation 73 

6.6 Chapter Review 74 

6.1 Chapter Preview 

Extensive analysis of the Division's cost behaviour leads 

to an examination of aggregated costs. This is carried 

out using multiple regression analysis. The results of this 

analysis are useful for the project and to the Divisional 

Accountancy Department.
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6.2 The Requirement for a Model of Cost Behaviour 

The market simulation developed as part of this project 

requires a model which will indicate the costs of 

producing different mixes of a small number of product 

groups. The Divisional Accountancy Department routinely 

predicted costs for forecast sales mixes, but were 

reluctant to specify precisely how they did this. Their 

reason was that the process involved some informal adjust- 

ment, based on the accountants' experience. However, 

the Department felt that its assumptions about cost 

behaviour could be usefully checked, An exercise to 

independently assess the behaviour of manufacturing costs 

was thus conducted with the co-operation of that Depart- 

ment. 

The Accountancy Department currently produced its estimates 

of costs, based on a classification of costs into fixed 

and variable. Fixed costs are characterised as remaining 

constant for each period, while variable costs are directly 

proportional to the appropriate measure of production. 

The budgeting process involves the aggregation of budgeted 

costs up to Divisional level, while maintaining the 

integrity of fixed and variable costs. 

From the point of view of this project, some four product 

groups were required to be treated separately. This level 

of detail corresponded to that of Divisional level financial 

statements. So there appeared to be two approaches to
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obtaining the desired information on product group cost 

behaviour: either to investigate basic cost information, 

and aggregate this, or to analyse aggregated data 

directly. Both methods were attempted, using historical 

actual cost information. 

6.3 Investigation of Basic Cost Information 

6.3.1 The Cost Centre Approach 

The Division is organised into a series of cost 

centres. A cost centre budgetary control system is 

operated in the Division's plants. Actual costs in each 

plant cost centre are compared quarterly with those bugeted 

for the year. These costs are broken down into a number 

of headings. An example of an annual budget forms 

figure 6.1. 

A product standard costing system operates which is based on 

the annual cost centre budgets. All the plant overhead 

budgeted costs are allocated or apportioned onto cost 

centres where production is actually carried out. These 

budgeted costs are then absorbed (by machine hour) by the 

products budgeted. Divisional and Company overheads are 

absorbed directly by products on a per ton basis. In 

this way, standard product costs are calculated by absorbing 

cost at each production cost centre in the product route. 

The Division had recently developed a linear programming 

(LP) model. This was designed to indicate the optimal 

disposition for the Division's production resources.
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ANNUAL COST CENTRE 
NEW METALS DTVISLION 

BUDGET 

Budget for S.0, 149 - Year 1972, Lathes 

  

IBUDGET 

1971 

ESTIMATED 

1971 ACTUAL 
BUDGET 

1972 
REMARKS 

  

ACTIVITY 62712 81821 Ingot kg 

  
  

DIRECT WAGES 71458 46632 49707 Different 
shift pattern 

  

  

VARIABLE _oNcosT 
Indirect wages 

Overtime Prem. 
shift allce. 
Labour charges 
Ordinary Maint- 

enance (incl, 
fork lift truck) 
Consumable 

stores 
Gas 
Water 

Electricity 

Manufacuring 
steam 
Research Chrgs. 
Transport incl. 
cranes 

& 
18060 10226 

17380 11144 

13000 9272 

11000 8654 

19900 14270 

11818 

12170 

12300 

13200 

14920 

£9000 for 

cutting fluid 

  

TOTAL VARIABLE 

ONCOST 79340 53676 64408 

  
  

FIXED ONCOST 

Salaries 
Dependent staff 
charges 
Funded plant 
maintenance 
Funded property 
maintenance 
Insurance 

Rates 
Travelling 
expenses 
Miscellaneous 
Heating steam 
Control Lab/RsrcH 

Office Cleaners 

Sewing Room & 
Laundry 
Design charges 

Abnormal Maint- 
enance 

625 465 

2450 

880 

400 

500 
  

TOTAL FIXED 

ONCOST 
  

  

3075 N65 1780 

  
  

TOTAL WAGES & 
    
ONCOST 
    f23e72 100773     115895     
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The model could however be used to determine the financial 

outcome of producing a given product mix. One of the 

major inputs required by this model was data on the 

variable (or marginal) cost absorption rate for each 

production cost centre. 

The intention of part of this project was to come to an 

independent assessment of the cost accountants! assumptions 

of cost behaviour, The marginal cost absorption rates 

obtained from this exercise might then be aggregated 

using the LP model for different assumed product mixes, 

This would yield an indication of how total Divisional 

costs varied with product mix in the detail required, 

An accounting procedure known as accounts classification 

(please see Appendix B for the different approaches which 

have been used) had been used to determine cost behaviour, 

A parallel analysis of costs within cost headings was 

thus commenced. The cost headings into which all cost 

centre costs were split are indicated in figure 6.1. 

Three cost headings, (direct wages, indirect wages and 

consumable stores) and some six cost centres were selected. 

These headings were assumed by the cost accountants to 

be respectively variable, fixed and variable. 

Figures showing the quarterly costs incurred in each of 

these headings were available from the accountants! records, 

However, some difficulty was experienced in obtaining
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suitable measures of activity in the cost centres con- 

cerned. The measure selected was derived from a "pay- 

ment by results" scheme recently introduced into the 

Division. As part of this scheme, measures of work out- 

put by sections of the factories were available for 28 day 

periods. In most cases these sections included several 

cost centres, although in one instance the section was 

just one cost centre. The payment scheme had been installed 

around the end of 1969, and the analysis was conducted 

during 1971. The data was made compatible by adjusting 

the 28 day output measures to refer to calendar quarters 

(using linear interpolation). 

Graphs were plotted for each cost heading within each cost 

centre, which showed the appropriate section's output, and 

the actual costs incurred, for ten quarters. Inspection 

revealed few obvious relationships between cost and output, 

either for the same month, or lagged. For the cost head- 

ings which appeared best behaved, the costs were plotted 

against output. The points did not fall very close to the 

expected straight line. 

Both the wage cost headings were broken down into monthly 

figures, based on data kept by the wages office. With 

appropriate output data the points were plotted but no linear 

relationship was apparent. The wage payment system was 

then examined in rather more detail. Direct wages and 

some indirect wages were paid using a group payment-by-results
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system. This involved the calculation, for each 28 day 

period, of an index of production for each section. 

The wages were paid in a given week, based on the hours 

attended during the previous week, at an hourly rate det- 

ermined by the latest 28 day index. The index formed a 

linear measure of work output, but the hourly wage rates 

did not bear a linear relationship to the index, 

Various attempts were made to demonstrate a linear cost/ 

output relationship. The first stemmed from the observation 

that wage payments in month t were determined by the index 

in month (t-1) and the hours worked in month t. The 

output in month (t-1) was related to the index in that month. 

The hours worked in month t were likely to be related to 

the output in that month. Thus the wages cost in month t 

was plotted against the product of outputs in months t and 

(t-1), for all the available data. This yielded no useful 

relationships. Wage payments were adjusted to their 

effective rates at a constant index as a further approach. 

Also outputs were adjusted to a constant level, but still 

no useful models became observable. 

It was possible to break down the indirect wage costs into 

their component parts. Each was examined for a linear 

relationship with output, but none emerged. 

The costs classified as consumable stores included machine 

lubricants and other items expected to be used in direct 

proportion to the output. A plot of cost against output
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did not give an obvious straight line however. One 

hypothesis for this failure was that the operators 

might keep local stocks, so moving average costs were 

plotted against output. This gave only marginally better 

results. 

These disappointing results suggested that it would be 

more productive to examine the behaviour of costs aggregated 

to some level. It appeared that if output measures could 

be found which were more appropriate than those used this 

would improve the usefulness of the work. 

6.3.2 Behaviour of Total Costs in Cost Centres 

The investigation of aggregated cost centre costs 

was carried out using the same six cost centres previously 

studied. Ageregations of costs were used at two levels: 

the total costs incurred in each cost centre, and the total 

fixed and total variable costs within these. These actual 

cost figures were only available quarterly, since much of 

the information used in their preparation was derived from 

somewhat inflexible computer systems. 

There seemed to be no alternative to the use of the output 

measure from the payment by results scheme. These measures 

tended (as noted earlier) to be effectively averages over 

several cost centres. 

Initially the behaviour of costs with output was studied 

graphically. The points plotted (of cost against output)
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suggested that a simple relationship between cost and 

output might well exist. It was not clear whether a 

straight line or a curve would best describe the under- 

lying relationship. It was therefore decided to use a 

computer polynominal regression program to fit various 

relationships to the data. For each cost centre studied 

relationships of the following forms were assumed in turn:- 

Cc =a 

Cc = a+ bw 

Cc = a+ bW+ ew? 

Cc = a+ bDWi+ ew" + aw? 

where C represents the cost, W the output measure, and 

a, b, c and d constants. The computer program, for each 

assumed relationship, obtained the estimates of parameters 

a, b, c and d by a least squares technique. It also cal- 

culated some statistics! which were used to examine the 

quality of the fit of the relationship to the data. In 

general, the quadratic and cubic curves did not fit the 

data significantly better than the straight line. 

  

The principal uses of these were in evaluating the improve- 

ment of fit observed as the more complex relationships 

were used. F-tests were used for this purpose. 

The coefficient of determination (rR?) of each fit was 
also examined. Since there were only 10 observations 
this coefficient was artificially increased with the 
complexity of the assumed relationship. The values were 
corrected using a method described by Huang (1970) :- 

Be 2) n= 1 : 
R Se (er Re) aia 

where R is the coefficient of determination, corrected 
for degrees of freedom, n he sample size and k the degree 

of the polynominal. The R2 represents the proportion of 

the variance in the data which is accounted for by the 
relation used.
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The curves did not seem suitable for describing the cost 

behaviour since outside the range of the data, they tended 

to follow intuitively unreasonable paths. Wide ranges 

were indicated, for, say, the 95% confidence limits. 

It was felt that possibly inflation was a factor influencing 

cost behaviour. An appropriate price index was thus 

selected (the index of wholesale prices input to manufactur- 

ing industry) and a multiple regression program used to 

fit the following models to the data: 

Cc a + bW + cI 

and C (a + bw) I ————A 

where C represents the cost, W the output, I the index, 

and a, b and c the model parameters. These relationships 

fitted the data much better than the previous attempts. ' 

The major drawback of this approach, for predicting costs, 

was that the Government index used was not available for 

several weeks after the end of the quarter concerned, 

It was thus not easy to use the relationships established 

for control purposes. A time series was therefore sought 

which could be used in this relationship, but lagged, so 

that the appropriate figure would be available well in 

advance. Three such time series were seriously examined, 

and, of these, U.K. car production (after Coen et al (1969)) 

  

The fits were compared using coefficients of determinat~ 

ion (Re). The second of these relationships had more 
degrees of freedom than the first and consistently gave 

R2 higher than .8.



62 

and U.K, bank advances chosen for detailed examination. 

These two time series were each used instead of the index 

in relationship A. Each series was lagged by between 

1 and 12 quarters. 

The case which gave one of the best fits', and was accept- 

able from a causal point of view was U.K, bank advances, 

lagged by 3 quarters. A test onthe data revealed no 

seasonality. 

Using this lagged relationship, all the various costs under 

study were predicted. In general this regression approach 

gave rather closer predictions than the traditional account- 

ing approach, 

6.3. Cost Absorption Rates 

  

The work on individual production cost centre costs 

appeared likely to be useful in the budgetary control 

process, It did, however, suffer from one major disadvant- 

age when being used to provide input data for the LP. 

The use of the accounting conventions when apportioning 

overhead cost centre costs looked as if it might swamp the 

underlying behaviour of the costs. 

The rates were calculated in the following way. The set 

of plants cost centre budgets were taken, and by a process 

of allocation and apportionment, all costs shown against 

one of the production cost centres. In general, after all 

  

i The values of the coefficients of determination were 
used to find the best fits.
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directly attributable costs were allocated, the other 

costs in overhead cost centres were spread arbitrarily 

out over the cost centres (of both types) which they were 

regarded as serving. The bases for these apportionments 

were either direct wages, personnel, or floor area. 

Throughout the process, the Accountants! fixed/variable 

assumptions were recognised (although the majority of 

apportioned costs were fixed). Thus, it was possible to 

form "gross" production cost centre budgets. The total 

budgets were divided by the predicted machine hours in 

each production cost centre, to obtain hourly absorption 

rates. These rates were split into the variable and 

fixed elements. Since no comparison was made between 

actual and standard absorption rates, it was not possible 

to evaluate them directly. The apportionment process was 

the only (implicit) definition of overhead cost behaviour. 

It was feasible, however, to apply the linear assumption 

about cost behaviour to actual costs. It seemed reasonable 

to propose the model:- 

Cz=at bH, + cH, HF cccccee 

  

where, C represents the total cost for the whole plant in 

a given time period, and the H,s the machine hours used 

in each production cost centre i. The total fixed cost 

for the period is represented by a and by, C sescseseee p 

represent the variable cost absorption rates in each of the 

n production cost centres.
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If a large enough stream of data could be assembled, of 

values of C and the corresponding Hs, the parameters 

@y Us (C eewsces es could be estimated statistically using 

multiple least squares regression. In practice there 

was not enough data for this to be carried out. The 

concept did, however, prove applicable. An independent 

part of the factory was selected with four production cost 

centres. Machine hours figures were obtained for those 

cost centres for some 12 quarters. The total costs 

(deflated using a price index) were obtained for all (over- 

head and production) cost centres in that sector of the 

factory. Values for the model parameters were obtained 

using a multiple least squares regression package. 

The analysis demonstrated that it was possible, in principle, 

to measure the actual cost absorption rates. The factory 

could be split into a set of independent blocks, and each 

treated separately. The fixed costs were not attributable in 

any way to the output by this analysis. 

The pilot study did not convince the Plant Accountants of 

the advantage of using this technique for two major reasons. 

The multiple regression analysis did not offer any help in 

apportioning fixed costs, and the confidence intervals were 

wide on the calculated cost rates. The second objection 

will hopefully be overcome by an exercise to break down 

the data into monthly figures. However there seems little 

point in carrying out such an exercise until the first 

obstacle can be overcome.
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There are, however, convincing. reasons why this approach 

could be worth using in some environments !. The process 

will enable a saving of effort compared to the traditional 

approach, and yields statistically more reliable results. 

6.3.4 Use of Low Level Cost Behaviour Data 

Although this approach, i.e. to measure low-level cost 

behaviour by multiple regression, and to use those results 

as input to the LP model seemed promising, it involved a 

great deal of work in obtaining the data for analysis. 

This factor led to another 

approach being used to model the production cost behaviour 

of the Division. 

6,4 Determination of Cost Behaviour using Aggregated 

Financial Data 

6.4.1 The Accountancy Approach 

The Divisional Accountancy Department frequently made 

forecasts of costs for the Division as a whole. 

Their approach to predicting how costs would vary with 

differing output, was to use the Division's annual budget. 

This was an aggregation of the budgets for all the cost 

  

A The case is made more fully in Bubb and Smith, (1972b).
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centres in the Division. The profit forecast (i.e. 

the Divisional budget) statement issued by the Accountancy 

Department showed costs in some 20 categories. They were 

classified into fixed and variable costs on this statement. 

The total product range (for which one summary statement 

was issued) was broken down into 5 product groups. So 

profit (or loss) was shown for each product group. To 

estimate results for levels of activity other than those 

initially budgeted for, the Divisional budget was flexed. 

However, it was not flexed in the "normal" way, by keeping 

the " fixed" costs constant and adjusting the Variable" 

costs in direct proportion to the activity. The "fixed" 

costs were broken down into two parts, one of which was 

flexed while the other was not, and the same procedure used 

on the "variable" costs. The accountants were thus 

acknowledging that their "fixed" and "variable" classificat- 

ions were not accurate so far as total costs were concerned. 

In fact they readily admitted that they were not too sure 

how costs were really influenced by output. Hence the 

investigation of cost behaviour at Divisional level was of 

interest to the accountants and they were keen to be involved. 

6.4.2 The Data Available 

As part of the Division's management control system, 

quarterly statements are prepared forecasting financial 

results. Actual results are reported quarterly and annually 

for comparison with these. Figure 6.2 gives a hypothetical
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example of one of these statements of achieved results. 

Sales weight and realisation are reported, along with 

costs, broken down into a substantial number of headings. 

Separate accounts are produced for the different product 

groups, and these accounts are summarised at various levels 

of aggregation of the product groups. Figure 6.3 shows 

the product groups, with their aggregation for financial 

reporting. 

Actual quarterly cost data was obtained from these state- 

ments for some six years. The "Wholesale Price Index of 

Inputs to the Mechanical Engineering Industry" was obtained 

for the same quarters. A further measure of inflation was 

obtained; the price paid for the Division's major raw 

material (titanium granules) over the same period. 

6.4.3 The Analysis Performed 

The most appropriate method of analysing of the avail- 

able data seemed to be multiple least squares regression, 

For any particular cost heading (e.g. wages), a relation 

was postulated of the form:- 

CC. =a. + b Ww, + bw, + soe bo, 

Where C represents the cost; a, the "fixed" element of it; 

the bjs the marginal cost rates associated with the W5s * 

the sales weights in product group i. It appeared that 

this model would be most compatible with the market model
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Figure 6 THE BUILD-UP OF PRODUCT GROUPS 
FOR FINANCIAL STATEMENTS 

Main Trading Account 

  

    

LEVEL Titanium Titanium Titanium Zirconium Special 
A Sheet Rod Other Metals 

Strip Wire Slab Tube Wire 

Extrusions Forged Other Starter Welded 
Products Primary Blanks Tube 
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(described elsewhere) if a small number of product groups 

were used for the analysis, and accordingly, four were 

chosen (level A in Figure 6.3). 

This approach would have the advantage that it would carry 

out its own assignments of costs to product groups. 

The appropriate figures were used as input for a computer 

multiple regression package. Since it appeared that 

cost inflation might confound any underlying relationship 

the cost data was initially deflated using the wholesale 

price index. In a later version of the analysis, an 

attempt was made to account for inflation using indices 

calculated directly from the Division's own experience. 

6.4.4 Results of the Analysis 

The regression results showed some strong relation- 

ships between costs and sales weights. These were in some 

cases markedly different from the assumed cost behaviour 

which the accountants had used in preparing forecasts of 

financial results. Comparison of costs estimated by 

regression with actual costs and those forecast by the 

Divisional Accountancy Department showed that the regression 

yielded rather more reliable estimates than the Accountancy 

Department were able to produce. 

A summary of the relationships obtained is shown in 

Table 6.1.
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Table 6,1 

REGRESSION RESULTS FOR DIVISTONAL 
FINANCIAL DATA 
  

  

cost TOTAL TOTAL |TOTAL 
"FIXED" |"VARIABLE"| COST 

  

"Sheet" regression 

  

coefficient tse 1.917 3.969 | 5.886 
standard error* 566 1.423 1.560 

"Rod" regression 
coefficient 'R' = .920 3\. 367. 2.448 
standard error? Aly ieee | 1232 

  

"Other" regression 
coefficient Vo! 209 2.488 2.698 
standard error 0132 0.331 0.363 

  

"Zirconium" regression 

    coefficient 12") -41.835 2.692 | 0.857 
standard error 1.313 3.301 3.620 

Intercept 'It] 353000 364000 {717000 

standard error 5690 14300 15700         
  

The estimate of cost, £C, is given by:- 

Cc ST. + RT, + oT, + aT + I where ToTleT oT, are 

tonnes sold of sheet, rod, other and zirconium. 

  

4a In general, there is about a .95 probability 

that the estimate will lie within two standard errors of 

the true value.
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6.4.5 Uses of these Results 

The relationships obtained were primarily of use in 

this project. However, the Accountancy Department found 

the results useful since they predicted total costs well. 

The analysis was carried somewhat further at their request, 

and cost relationships were obtained for each separate 

cost heading. A system was designed which produced fore- 

cast financial statements given sales weight forecasts, 

using an on-line computer. A control scheme was also 

developed to keep these regression relationships up to date!. 

6.5 Comparison of Low and High Level Cost Analysis 

6.5.1 Level of Detail 

The two approaches both aimed at giving cost behaviour 

in a suitable level of detail to fit in with the marketing 

model in this project. The analysis of Divisional fin- 

ancial summaries yielded the appropriate level of detail 

directly. The cost centre work did not give the required 

level of detail immediately, but it was originally hoped 

to obtain it through the LP or some other aggregation process. 

6.5.2 Assumptions Necessary 

Several assumptions were necessary for least squares 

regression techniques to be used for analysing the cost data, 

For the most part these assumptions were identical at low 

  

: This is described in Appendix B and in Bubb, Hussey and 
Smith (1973).
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or high levels of cost aggregation. The differences mainly 

arose from the accounting procedures. Where a relation 

was obtained for each cost centre by regression, and then 

several of these relations summed to derive cost behaviour 

for the group of cost centes, the errors (between recorded 

and predicted costs) must be statistically independent. 

In the work in the Division, the available data was not 

considered sufficient to make any testing of such independ- 

ence possible. 

With multiple regression used on total Divisional level 

data, this problem did not arise. It is important that 

costs in a time period relate to the output measured for that 

time period. Whilst this assumption was not investigated 

in any detail, it is an accounting convention that this 

correspondence applies in financial statements. While 

this assumption was largely taken for granted because of 

the accounting convention, it seemed rather more plausible 

at Divisional than cost centre level. 

6.5.3 Implementation 

The accountants were not 

convinced of the case for relying solely on multiple re- 

gression for apportionment of overhead costs. They con- 

sequently did not devote much effort to the implementation 

of such a system.
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At the more aggregated level, however, the Divisional 

Accountancy Department was more interested. Effort, 

and money (computer time) was forthcoming from this section 

to develop a system of continuous measurement of cost 

behaviour. A system has been developed which regularly 

updates the equations describimg each cost on the profit 

forecast, and enables a new financial forecast to be 

rapidly prepared given any new sales weight forecast. 

6.6 Chapter Review 

Analysis of cost centre costs using regression techniques 

yielded suggestions for a revision of the cost apportion- 

ment procedures. Although useful results of cost behaviour 

were obtained, such analyses did not directly yield results 

helpful in the titanium market simulation. Analysis of 

aggregated costs had led to useful relationshipsfor the 

market simulation. This work also led to a cost forecast- 

ing and monitoring system in use by the Divisional Account- 

ancy Department.
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Z Chapter Preview 

A simulation model of the titanium market is developed. 

This is largely based on the buying decision and cost models 

described earlier. The simulation model can be used to
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make studies of various sectors of the titanium market, 

72-2 The Need for Such a Model 

A simulation model for the titanium market represents 

the focal point of this research project for two major 

reasons. It is the method used to draw together all the 

other work in this project, and it performs the main task 

of the research: that of providing a strategic planning 

tool. Since the development of an analytic description 

for the titanium market did not appear feasible in the 

appropriate breadth and detail, a simulation approach was 

selected, 

Since any strategies which might be considered would 

involve the interaction between suppliers and customers in 

the market, and sales and production functions within the 

firm, a model was required which would take account of each 

of these interactions. As the titanium market consisted of 

a small number of suppliers, it was necessary to model each 

of these separately. The simulation model would also be 

useful in further validation of the model of the buying 

decision, 

7-3 The Structure of the Simulation Model 

The model was initially structured on the European market 

for titanium. It was designed so that it would be possible



77 

to use it in any other market with a similar structure 

so that it could be used to analyse world markets and 

the markets for specific titanium products. 

Although the structure of the model is based on that 

observed in the actual market, a number of simplifications 

had to be made to reduce the model to a manageable size. 

The model is based on representations of several titanium 

suppliers and a number of market sectors. Communication 

occurs between each supplier and each market sector. 

This communication is effected by the enquiring, quoting, 

ordering, delivering and payment processes, each depicted 

in the model. 

The passage of time is modelled as discrete steps, each 

representing one month of "real" time. The complete order 

placing process from enquiry to order placement is com- 

pleted within a single month, This, apparently coarse, 

description of time is justifiable for two reasons: the 

major interest of the model is its long term behaviour, 

and tests*have shown that this behaviour is not sensitive 

to the choice of time-scale. 

Customers are represented in the model in terms of mono- 

lithic market sectors, In each month, each sector can 

only place one order for each of a small number of products, 

  

These “products" are taken to represent groups of similar 
products. 

2, The tests referred to were carried out in an adaptive fashion, 
as model development progressed. The model was initially written 
using a one-week timescale. As development proceeded, it 
became apparent that action was required to reduce the running 

time of the computer program, The model was then redesigned with 
a time-scale representing one month. It was found possible to 
obtain precisely the same annual summary data from the redesigned 
model as with the weekly version. This action constituted the 
test, which is in some ways similar to a sensitivity test. 

Work in information theory (Shannon (1948)) suggests that if 
the interest is in annual statements, as here, an internal 
frequency is adequately high if it is at least twice the annual 
frequency. Thus one month is quite fast enough from that point 
of view.
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The model, described in Chapter 5, for the individual 

buying decision is used directly for each market sector's 

decision, This simplification is reasonable since if 

one order is placed of weight equal to the sum of two 

other ones, and all the decision parameters are the same, 

the outcome of the former will be the same as the sum of 

the outcomes of the other two. 

These two major simplifying assumptions are made to 

economise on storage and running time when the model is 

implemented as a computer program, 

The total annual demand for each market sector is derived 

externally and is an input for the model. This ensures 

flexibility so that different market sectors can be 

depicted. This has also been done because it is not clear 

whether automatic sales forecasting is as effective as 

the experts’ forecasts already prepared by the Division. 

This approach means that the decision whether to purchase 

titanium or a competing material is never specifically 

considered within the model. The buying decision thus 

becomes simply the process of source selection. 

In each month, each market sector carries out this routine:- 

1. Send enquiries to suppliers for each product. 

2. Receive their quotations, 

3. Select (and communicate) the preferred suppliers, 

4. Receive any response from suppliers.
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5. Select preferred suppliers. 

6. Place order/s. 

7. Receive any deliveries. 

8. Update impression of suppliers. 

Each supplier carries out the following sequence:- 

1. Receive enquiries from market sectors, 

2. Decide whether to issue quotations. 

3. Issue quotations. 

4, Receive information about sectors! preferences, 

5. Apply sales pressure. 

6. Receive any orders. 

7. Manufacture and deliver any orders. 

The model depicts all of these processes, and a number of 

other less important actions, Periodically, summaries 

of order placing and financial behaviour of the suppliers 

are produced, 

The model was developed as a program for use on the 

University ICL 1905E computer. The extensive programming 

was mainly carried out in FORTRAN, This helped to speed 

up the program development, and made the program easily 

transferable to other machines. 

The program was written as a set of modules, or sub- 

programs, each of which described part of the market, so 

it was a simple matter to carry out "experiments" with 

the model, by merely altering sub-programs, or the inter-
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connections among them. The modular concept was later 

extended, so that a "library" of alternative sub-programs 

is now being built up. 

Various output was derived from the model, to show behaviour 

in the market. The principal output consisted of regular 

reports on the financial behaviour of the suppliers to 

the market. These were designed to be in a form immed- 

iately useful to IMI's management. 

7.4 Construction of the Model 

Since the structure of the model has already been described, 

as a set of interconnected modules, this section is 

essentially devoted to description of the various modules 

themselves. 

4.1 Demand antities 

The mean monthly demand of each market sector for 

each product group is input externally to the simulation 

model. These quantities change each year, The actual 

demands of each sector are selected by sampling from a 

normal distribution whose mean is equal to the figure input. 

This random "noise" is intended to model the effect of 

differing quantities being required at different times by 

the actual customers. The use of the normal distribution 

follows from! aggregating a number of size distributions 

as in Chapter 4, 

  

1 This approximation appeals to the Central Limit Theorem 
for its justification.
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7.4.2 Supplier Selection 

The model for the behaviour of an individual customer 

for titanium which is described in Chapter 5 is used in 

this process. The customer model is used as if each 

market sector was a single customer. The tendency is 

therefore for the monthly demand from each sector for 

each single product to be satisfied by a single order 

placed on one supplier. In each month the supplier 

selection routine is used by each sector once for each 

product group which it requires. 

The parameters which are used to define the customer's 

behaviour are, in general, updated during the course of 

the simulation. 

The oting Model 

  

This is based on the behaviour observed and described 

in Chapter 4. The following rules describe the model 

which shows the quoting behaviour of each individual sup- 

plier. When an enquiry is received, count the number of 

current orders on the order book. If the book is full, 

decline to offer a quotation’. Otherwise, estimate the 

delivery lead time from the orders on hand, and look up 

a price for the current product group, adding some 

  

q This check is only used to limit the computer storage 
required by the model.
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"noise! to obtain a unit price 

this price and delivery indication 

quotation. This process is summarised 

sizes of the suppliers' order books 

are large, so suppliers normally do issue a quotation. 

Figure 7.1 THE QUOTING MODEL 

  

CONSULT 
PRICE 
LIST 

   
  

t 
  

CALCULATE 
PRICE 

  

    

ESTIMATE 
DELIVERY 
DATE 

  

} 
  

ISSUE 
QUOTATION       

  

RECEIVE 
ENQUIRY 

      

  

    
DECLINE 
TO 

QUOTE       

  

This is added to model the effect of differing product 
prices within the product groups, and also of varying 
price quotations among suppliers. It is normally dis- 
tributed for the reason discussed with demand weight. 

In fact, the price will never be below the marginal 

production cost.
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724.4 The Sales Response Model 

This model is shown in figure 7.2. It was obtained 

in a similar fashion to the customer behaviour model, by 

constructing flow charts to describe some real market 

incidents discussed with the sales managers. The model 

takes the following action (from the point of view of 

each supplier). 

1. 

Be 

If not, 

If so, 

If not, 

If so, 

If not, 

If so, 

Decide whether the order is large enough to 

be worth applying sales effort. 

Go to Step 8. 

Determine if I am the single preferred supplier. 

Go to Step 4. 

Apply pressure to move the deciding factor 

(out of price, delivery,loyalty, quality and 

customer's customer's pressure towards the 

top of the customer's order of consideration. 

Apply pressure to make his decision more sen- 

sitive to differences between suppliers. If 

loyalty has been considered, try to increase the 

customer's loyalty to me. 

Determine if I am one of several preferred 

suppliers. 

Go to Step 6. 

Apply pressure to make my delivery quote seem 

shorter (i.e. to reduce the extra time the 

customer expects to wait). If loyalty has



Figure 7.2 
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SALES PRESSURE FLOW CHART 
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been considered, try to increase the 

customer's loyalty to me, If my order book 

is not full for the next month, requote price 

and delivery'. 

Determine if I am not a preferred supplier. 

Go to Step 8. 

Apply pressure to alter the order of con- 

sideration of price, delivery, loyalty, quality 

and customer's customer's pressure, so that 

factors not considered will be. Try to make 

the customer less sensitive to differences 

between suppliers. If loyalty has been con- 

sidered, try to increase customer's loyalty to 

me. If my order book is not full for the 

next month, requote with price and delivery 

better. 

Finish. 

Order Placing and Sequencing 

When the market sector places an order on a 

the order is entered inthe supplier's order book. 

The record shows the various order details, such as quantity, 

month placed, quoted delivery month and price. At this 

  

Requoting is done by reducing price and delivery by 
fixed proportions. Most of the work has been carried 
out with these proportions both at 20%.
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stage, orders are never refused, although suppliers 

decline to quote if their order books are full. The 

order numbers are used to decide which order to produce 

next, so that the manufacturing process of each supplier 

operates on a "first in, first out" basis. 

7.4.6 Manufacturing and Delivering 

During each monthly cycle of the model, each supplier 

is able to deliver some titanium. He scans his order 

book, delivering orders up to the limit of his monthly 

manufacturing capacity (measured in tonnes of titanium). 

If he runs out of orders, he does not manufacture for stock, 

If he has some capacity left, at some stage in this process, 

but not enough for all of the next order, he delivers part 

of that order. 

This model is intended to represent the production and 

delivery operations of the European titanium manufacturers, 

Although very simple, it shows the major features of these 

suppliers. One capacity limitation for all products is 

intended to model the melting bottleneck which seems to 

be present for each real supplier, The first-come, first- 

served servicing situation, although not demonstrably true 

in individual instances, where particular orders may 

receive preferential treatment, must be reasonable overall, 

since a very small amount of titanium is highly overdue.
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The model does not include any physical limit to the man- 

ufacturing lead time, since this is in reality less than 

one month, 

We 7 Capacity Changes 

This part of the model was formulated by an examination 

of IMI's record of capacity installation. The decision 

to buy the expensive items of capital equipment is only 

taken in reality after extensive forecasting and planning 

activity. The capital expansion case is prepared, based 

on a discounted cash flow (DCF) analysis. Since it was 

not possible to include such specialised forecasting or 

DCF analysis segments in the market simulation without 

significantly increasing its complexity elsewhere, the 

following grossly simplified model was designed, 

At the end of each year, examine the utilisation of capacity 

over that time. If it was at least a given leve1', 

increase capacity, otherwise keep it constant, 

This followed the previous capital acquisitions policy 

of IMI reasonably well, when used in the simulation model. 

When suppliers increase their capacity each increases it 

by a characteristic proportion (e.g. 40%). These were 

measured historically for all suppliers in the European 

market. 

  

A This level was fixed for all suppliers. The precise 
value was 98%, although the effect of varying it has 
been investigated,
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7-4.8 Costs of Capacity Changes 

Changes in installed capacity would, in general, 

be expected to engender several alterations to the 

Division's cost structure. Production costs would be 

affected by the technologically different capacity. 

No evidence of this was noted for previous capacity 

expansions. However, as the new plant tended to be in 

the melting and machining areas, of similar type to that 

already installed, it was not surpising. The act of 

purchasing the plant implies an instant increase in Fixed 

Asset capitalisation. This in turn causes an increase 

in the annual depreciation charges which the Division sets 

against profits. 

At each increase in capacity each supplier's fixed costs 

were increased by an amount proportional to the original 

(i.e. non-depreciated) fixed asset figure, and also pro- 

portional to the absolute capacity increase. 

724.9 Price Changing 

At the end of each quarter, each supplier has the 

opportunity to reduce his average price. He will reduce 

it by v% if his capacity has been used less than w% during 

the preceding quarter', The price will never however be 

  

: These percentages have been varied when looking at 
different market areas, For the general case, they 

have been fixed at v = 5%, w = 95%
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reduced below a level xh higher than the marginal cost 

of producing the product |. 

The suppliers have the opportunity to increase their 

mean prices at the end of each year, A supplier will 

increase his price level by y% if his capacity has been 

at least zh full for the preceding quarter’, 

724.10 Financial Data 

A few rules serve to generate financial data to 

characterise each supplier. Each supplier depreciates his 

fixed capital by a constant proportion each month. This 

is identical to the reducing balance method used by 

accountants. 

Analysis of IMI's actual data for working capital suggested 

a useful characterisation would be to regard working 

capital as composed of two parts. One proportional to 

the capacity (in tonnes), and another proportional to 

sales output (also in tonnes). 

Ze4.11 Routine Updating 

During each month, various quantities are updated in 

the simulation. The most important of these is loyalty” 

  

A These percentages have been varied when looking at 

different market areas. For the general case, they 

have been fixed at x = 5%, y = 5%, z = 98%, 

For a discussion of the concept of loyalty in industrial 
purchasing, please see Bubb and van Rest (1973).
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which is one of the determinants of each "where to buy" 

decision. Each month, the proportion of customer's 

orders which are placed on each supplier is calculated. 

The loyalty between each customer and each supplier is 

altered to a weighted average of this proportion, with 

the previous value of their loyalty. 

7.5 Data Estimation and Collection 

Much of the data used in this simulation consists of sub- 

jective estimates of quantities which are not measurable 

in a "scientific"way. All these data have been estimated, 

by the author in collaboration with various IMI personnel, 

This largely concerned the loyalty of customers to IMI's 

competitors, and their prices, lead times and capacities. 

The Division had a good knowledge of these factors. Less 

was known about competitors' cost structure, and these 

estimates were made by a comparison of their plant with 

IMI's, All the supplier models have an identical structure 

to the model of IMI. 

7.6 Validation of the Model 

The sub-models encompassed inthe simulation were each based 

on the most suitable data. In many cases it was possible 

only to validate these models against the same data used 

for their construction, since there was such a shortage 

of data available.
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In order to perform an overall validation of the model, 

data was collected which described the behaviour of the 

European titanium market from 1967 to 1971. Sales of 

each supplier into each market sector in each year over 

that period were obtained by the Sales Department. The 

behaviour over this period was known in much more detail 

for IMI. These data were used to derive starting values 

for use in the simulation model. 

The model was started running two years before the period 

it aimed to simulate. Demand data was used for each year 

of the simulation, but this was the only input data used 

during running apart from the initial values, Good agree- 

ment was obtained between simulated and actual sales. 

The model's performance is indicated by Table 7.1 which 

shows simulated sales as percentages of actual sales. 

The purpose of the validation was to ensure that the model was 

close enough to reality to be suitable for giving useful insights 

to IMI management about business situations which were likely to 

arise. These included the kinds of effect which particular actions 

might have. As currently developed, the model is not expected to 

give accurate quantitative predictions of future events or effects 

of specific policies. For this reason, the rigorous validation 

appropriate to such use (Van Horn (1971)) is neither suitable nor 

feasible.
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The validation procedures selected were largely chosen to 

demonstrate the reasonableness of the model. It was considered 

that the "absolute" test of validation was to convince the user 

that the model was reasonable for use in the specific situation. 

A subset of models passing this test would be those whose structure 

was reaonable, and whose predictions were as good, or better than 

experience has shown IMI's sales forecasts to be. 

This approach to validation leads to a "face" validation! of the 

structure of the model. If the model is deemed to pass this test, 

a first stage validation for credibility of its output is to 

compare the accuracy of its output (expressed as a percentage of 

actual sales) to the accuracy of sales forecasts. If the accuracy 

of the simulation (characterised by the mean and standard deviation 

of the ratio) is as good, or better than the sales forecasts, then the 

test is deemed to be passed. Otherwise, the model must be 

validated by direct appeal to management, to establish the credibility 

of its predictions. 

Such a two stage procedure depends for its justification on the 

fact that IMI's sales forecasts are credible to its managers. 

The test was devised, based on sales forecasts (for IMI's sales 

only) up to three years ahead. This showed that the mean accuracy 

(forecast sales/actual sales) was 93.6%, with a standard deviation 
( 

of 23.8%. Thus, to pass this test, the model should have a mean 

  

Please see page 49.
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accuracy between 93.6% and 106.4%, with a standard deviation of 

23.8% or less. The test is very stringent, since one would 

expect IMI's forecasts of its own sales to be more accurate 

than those of other suppliers, while other suppliers’data is 

used to establish the simulation accuracy mean and standard deviation. 

No weighting by market share is applied, which, since IMI accounts 

for over 50%, makes the test tighter. 

The accuracy (and its standard deviation) of the simulation output 

(table 7.1) were found to be 97.8% and 22.8% respectively. Thus 

the model passed this test, and it was not considered necessary 

to submit it to direct testing by the managers. 

The model was thus seen to be validated adequately for its objective. 

However, validation is probably more appropriately regarded as an 

adaptive process continuing hand in hand with model development. 

Thus it would be hoped that the model will become "truer" to life 

as it is used more. One of the model's envisaged uses is in 

exploring the consequences of assumptions about the market. For 

this function, validation is not appropriate, since (as Bonini (1963) 

points out) there is no reality to compare it with. As it stands, 

validation has shown that the model's forecasts tend to be more 

accurate than sales forecasts have been, and so the model clearly 

has made a contribution, This factor has helped to "sell" the 

model, so that it is now in use by managers (thus demonstrating its 

credibility).
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At this stage the data used was sales by each of the six 

major titanium suppliers to the European market: <MI, 

Contimet, Krupp, Pechiney-Ugine-Kuhlmann, Avesta and 

Vereinigte Deutsche Metallwerke (vpM). It seemed appropri- 

ate to regard the market as being composed of three market 

sectors - U.K., the rest of Europe non-aerospace, and the 

rest of Europe aerospace. 

This validation was considered adequate, since the model 

was designed only to explore possible long-term policies 

and behaviour in the market. To demonstrate close agree
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Table 7.1 

COMPARISON OF SIMULATED AND ESTIMATED 
ACTUAL SALES IN THE BUROPEAN MARKET 

Supplier|IMI |Contimet | Krupp|P.U.K.|Avesta | V.D.M. 

Year 

1967 84% 98% | 100% | 100% | 100% 95% 

1968 |112% 113% 104% 108% 103% 108% 

1969 |105% 127% | 109% | 115% 84% 120% 

1970 | 94% 95% 85% | 101% 69% 102% 
1971 94% 31% | 104% | 101% 28% 145%                 

Figures represent simulated sales/actual sales. 

ment with historical market behaviour 

to "sell" the model %6 its users, 

simplifying assumptions made had apparently not detracted 

from the accuracy with which the model represented reality, 

was necessary 

Since the many 

these had, toa large extent, been vindicated, 

 



After the model was built and used, data became available describing 

the sales in 1972. The model was used to compare its prediction with 

the sales estimates for:each supplier into Europe, for that year. 

The comparison forms table 7.2. It was not possible to obtain data 

on other aspects of all the suppliers' behaviour for the year. 

The comparison of actual and simulated sales shows a strong discrepancy 

for Contimet. In part, this is explained in reality by that supplier's 

rapid penetration of the U.K. market. Changes in its policy resulted 

in substantial sales in that market in 1972 after very low sales in 

1971. 

The data did not meet the first stage validation test by comparison 

with historical forecasts. They were then discussed with sales personnel 

who were convinced,that the model showed a reasonable result, since IMI's 

own forecasts for 1972 had not been very accurate. However, 

it should be noted that more accurate predictions for 1972 would 

be achieved by initialising the model at 1971 instead of 1965, 

as the case in the validation. When in use, the model has been 

initialised with the latest available data. 

Z Exploring the Future 

The long term behaviour of the model was examined with 

three different future demand conditions: constant, 

linearly increasing, and geometYically increasing. Each 

case was examined from 1971 to 1975, and the demand data 

is shown in figure 7.3.
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Table 7.2 COMPARISON OF SIMULATED AND ESTIMATED 
SALES FOR 1972 

  

  

Supplier Simulated/Estimated Sales 

IMI 103% 

Krupp 81% 

Contimet 38% 

PUK. 136% 

Avesta 110% 

V.D.M. 161%         

The model was started off from the stage it had reached 

after validation from 1967 to V97 Vs The results of the 

simulation are shown in figures 7.4 to 7.6, which indicate 
how each supplier fares, Since each supplier is modelled 

as an identical structure, it is surprising that such 

divergence among suppliers develops, in general, the 

large suppliers improved their market share, while that 

of the smaller suppliers declined, This was mainly because 

the large suppliers were able to achieve lower lead times 

than the smaller ones, 

  

In the geometricaily ine asing market, suppliers who 

were able to attract sufficient orders were limited by 

their production capacity. Over the market as a whole, 

capacity was not able to expand fast enough to keep up
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Figure 7.4 TITANIUM SALES WITH CONSTANT ANNUAL 

DEMAND 
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figure 7.5 TITANIUM SALES WIM SiMsADILY 
INCREASING ANNUAL DEMAND 
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Figure 7.6 TITANLUM SALES WITH GHOMVTRIC GROWTTL 
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with the demand growth, Even with this situation, some 

suppliers were not always able to fill their capacity. 

In this market, IMI was able to expand faster than any 

other supplier, and so increase its market share. Its 

initial strong loyalty was useful in this respect, and 

was strengthened as time progressed. Supplier B starts 

off with high prices and long lead times. These factors 

turn away orders, which results in a decreasing loyalty, 

and so the effect persists for a few years. 

In the two other market situations, IMI's market share 

declines. This appears to be due to slowly declining 

loyalty, resulting from lower prices by other suppliers. 

It is interesting to note that supplier D fares well in 

each market situation. Initially low prices take orders 

which improve the loyalty of the sectors to this supplier. 

This in turn strengthens future growth. Supplier Dis 

well known as a very aggresive competitor of IMI. 

Although the larger suppliers generally increase their 

sales as time progresses through the model, they only do 

so at the expense of steadily declining prices. The smaller 

suppliers are able to take orders at slightly higher prices. 

Since the larger suppliers are expanding faster, they have 

higher fixed costs resulting from the higher depreciation 

provisions of newer capital expenditure. Thus the larger 

suppliers are seen to have low profitability (and in some
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cases, small losses), while the smaller suppliers make 

good returns on their capital. It would clearly be 

in IMI's interests to establish in more detail why these 

phenomena occur, and to look for alternative expansion 

strategies. 

7.8 Uses of the Model 

One major use of the model (the exploration of widely 

varying market conditions) has already been indicated, but 

it is also suitable for other types of investigation. 

The model is designed to facilitate studies of the "what-if?" 

type. To show how these investigations might be carried 

out, an example is given below of how one has actually been 

carried out. 

IMI had developed two novel products for use in the electro- 

refining industry. The products, if priced appropriately, 

should capture a very large market competing with the 

currently used materials. As far as was known, IMI had 

a strong technical lead with these two products for the 

electro-refining industry which both used the same product- 

ion facilities. IMI was already acknowledged as the world 

leader for the sale of titanium starter blanks, which, in 

many cases, were sold to the potential customers for these 

new products. 

In order to use the model to examine the potential market 

for these products, data was collected to characterise
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the situation, The variable cost of manufacture for 

IMI was estimated, It was apparent that the laying down 

of some new plant by IMI would serve to reduce these costs 

considerably. It seemed that IMI might be able to 

participate in similar cost savings by sub-contracting 

this work, Costs for other (probable) suppliers were 

estimated at this lower level, since the equipment neces- 

sary is used in steel-making and each of the other suppliers 

had a strong connection with a major steel manufacturer. 

IMI was modelled as having a fixed capacity, while the 

other suppliers were depicted as having very large capacity. 

Loyalty and initial price levels were set after examining 

the suppliers' behaviour in the starter blank market. 

The model was used to examine the market for these products, 

It appeared that IMI would fill its capacity easily, and 

make good profits. IMI was then allowed to expand its 

capacity in a further run of the mode1!, This suggested 

that although the policy would be profitable in the short 

term, reducing profit margins in the model in the long 

term would result in inadequate profits in later years of 

the project. 

A different module of the model was designed, in which IMI 

did not reduce its prices so fast, when capacity was not 

  

i This was achieved by altering the capacity expansion 
factor in the model, for IMI,
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fully utilised, When used in the model this gave 

apparently more realistic behaviour, The capacity 

expansion rule for IMI was next altered, so that expansion 

would only take place when capacity was full and profit 

margins were good, 

These changes indicated a way in which IMI could make 

continuously acceptable profits while maintaining its 

market leadership. 

This example serves to indicate the two ways of using the 

model to answer what if? type questions: Parameters can 

be varied, or the structure altered, The program was 

written to facilitate both types of change. 

The capacity expansion module, written as a FORTRAN sub- 

program was added to the "library" of alternative modules 

for use in the model. Thus, as the model receives more 

use, this "library" will expand, and render the model more 

useful. Although formulated essentially for use by the 

planning function, the output from the computer program 

has been designed to be in a form which will be immediately 

useful (and familiar) to management, Figure 7.7 shows an 

example of the major program output, 

It is difficult to envisage broad strategies which cannot 

be examined by the model, It seems to fall short where



Figure 7.7 
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more detail is required of either products or production 

than is availabie in the model, It can be used to test 

many sorts of marketing strategy against demand growth 

of various types, action by competitors, effects of 

supplier mergers and customer reaction, 

7.9 Chapter Review 

This chapter has described the development of a simulation 

model for the titanium market from models described earlier, 

The structure and construction of the model has been set 

out. The extensive usefulness of the model for explorat- 

ory planning, investment appraisal, and strategy selection 

has been indicated.
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CHAPTER 8 

A_REVIEW OF THE WORK 

8.1 The Research Project 104 

8.2 Use of the Work 107 

8.3 Relationship of the Work to the Literature 109 

8.4 Suggestions for Development of the Work 110 

8.1 The Research Project 

The work described in this dissertation has investigated 

various aspects of the New Metals Division of IMI, and 

the world titanium market, to develop a tool for strategic 

planning. The major integrating activity has been the 

building of a market simulation model. This put together 

the models of supplier behaviour and customer action, 

While integrating the modelling work, it also served to 

bring together the practical aspects: although the sep- 

arate parts of the work were useful per se, the market 

simulation offered the major planning tool. Figure 8,1 

shows the inter-relation of the various aspects of the work. 

The work on cost behaviour started with an exploratory 

review of the Divisional Financial System (briefly described 

in Appendix B) and a specific investigation of the financial 

consequences of altering the production route for billet 

(also Appendix B). Although this workwas of value in 

itself, and suggested various research approaches which 

were examined, it did not lead directly to the major effort
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in cost behaviour determination. Rather it served to 

set the scene, and give the researcher a broad perspective 

which was necessary to carry out the specific examination 

of costs. 

The behaviour of cost centre costs was investigated in 

considerable detail. Although little success was achieved 

by investigating cost headings, the analysis of total cost 

centre costs proved profitable, Good cost forecasts were 

obtained using leading economic indicators. A novel 

method for the calculation of cost absorption rates, which 

obviated the need for arbitrary overhead apportionment was 

put forward. 

When it became clear that an alternative method for model- 

ling Divisional costs was required, aggregated Divisional 

financial results were analysed. A model which was pro- 

posed, and fitted to the data using multiple regression 

proved to be a good forecaster of total costs. This led 

to a system for forecasting financial results now in use 

by the Accountancy Department, which uses a novel approach 

to updating the regression relationships. 

The market studies commenced with some attempts to isolate 

key factors in the buying decision, a review of sales and 

economic forecasts, and the statistical review of IMI's
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customers. Although useful in themselves, these lLaryely 

served to give the author an appreciation of the marketing: 

environment. 

The flow charted model of the individual titanium customer 

was developed after an initial exploratory survey of IMI's 

marketing activities. 

Models describing various aspects of titanium suppliers 

(the most important being cost behaviour), and customers 

are all put together in the simulation model of the titanium 

market. This model serves to further validate the customer 

flow-chart model. However, its main emphasis is as a 

tool for strategic planning for the Division, 

8.2 Use of the Work 

The project has been a useful source of ideas for IMI, 

Some of the insights obtained in the various models have 

already been used, while others await implementation, 

The major aim of the project: to develop a tool to help 

assess possible strategies, has been demonstrably achieved, 

as the simulation model is beginning to be used for that 

purpose. 

The cost behaviour studies have resulted in action on 

several fronts. The author has been involved with 

Divisional Accountants in a refinement of their assumptions 

on cost hehaviour, at cost centre level. A system is in
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use by accountants at the Divisional level, where a com- 

puter terminal is used to prepare "instant" financial 

forecasts using some of the author's regression results. 

A novel contro. system for updating these regression 

formulae is also being used. The author has also been 

involved in the determination of cost behaviour elsewhere, 

using some of the ideas obtained here, 

Although a pilot study to show the proposed system for 

the calcualtion of cost absorption rates has been carried 

out, this has not yet been implemented for the whole 

Division. The study of billet machining resulted in 

action by sales and production management. 

The statistical survey of the sales office suggested various 

limited planning and control applications which would be 

possible. These suggestions have not yet been acted upon. 

Although the flow chart model of the titanium customer 

only represents a formalisation of sales managers views, 

two sales managers have asked to be able to use the model 

to assess individual opportunities. Various studies led 

to possible rules for adjusting Divisional sales forecasts, 

and using published economic forecasts to derive sales fore- 

casts for titanium. Little use has yet been made of this 

work, but it would be useful with a modest amount of develop- 

ment. 

  

1 his is described in Appendix B.3.
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The simulation model has already been used to examine 

a few business situations: in exploration of IMI's 

strategies in different types of market, and in the 

investigation of an "ad hoc" planning situation. It 

does however, have very extensive usefulness, It has 

been developed in a form which is flexible enough to be 

directly useful for many subsets of the world titanium 

market. Different policies, suppliers, and market situat- 

ions can be simulated by carrying out two types of change 

in the model. Input parameters, and the program structure 

can both be easily changed. The model is suitable for 

comparing different strategies and environments, and for 

many types of exploration. 

8.3 Relationship of the Work to the Literature 

The cost behaviour work represents an extension to the 

few published studies of the use of statistical techniques 

for that purpose. The work is unusual in that the outcome 

is managerially significant. Three publications have 

resulted from the study!. The use of regression analysis 

for the calculation of cost absorption rates is, to the 

author's knowledge, novel. The control scheme used to 

update the regression relationships represents a simple, 

effective and new use of quality control procedures. 

  

Bubb and Smith (1972a), Bubb and Smith (1972b), 
Bubb, Hussey and Smith (1973).
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The development of the flow chart model of the titanium 

customer adds one further study to about a dozen reported 

in the literature. Some aspects of this study are unique: 

it is based on sales manager perceptions, and is validated 

by inclusion in a model of the whole market. While these 

approaches will not commend themselves for their objectivity 

they were appropriate in the context of this project. 

One outcome of the work was a report seeking to clarify 

the concept of loyalty in the industrial buying situation. ! 

The development of the other models, although specific 

to the present situation, do not represent the major use 

' of any novel concepts or techniques. 

8.4 Suggestions for Development of the Work 

The major development of this work seems likely to be in 

implementation. Although parts of it are already in use, 

commitment to the planning approaches possible with the 

simulation model is still somewhat lacking from the 

Division's policy-makers, As the model is used more, it 

will become possible to improve its structure. 

The model describing the buying decision has been demonstrated 

to apply to various areas of the titanium market. It 

appears likely that the model would be applicable to some 

other industrial markets. A worthwhile extension of the 

  

Bubb and van Rest (1973).



work would be to investigate the applicability of the 

model in other markets. 

The extension of the multiple regression approach to 

obtain cost absorption rates would be of direct relevance 

to IMI. This would enable useful data to be provided 

for the Divisional Linear Programming Model. This work 

is also likely to have relevance outside the Division. 

The titanium market simulation is likely to be worth con- 

siderable development and refinement from its present form. 

This will probably not be possible however, without extens- 

ive experience of using it. The "library" of alternative 

modules now being built up may make worthwhile some 

"automation" of selection of these, to form the computer 

program. This would make the model more useful for 

management. The insight into the concept of loyalty 

gained in the research suggest that the importance of 

loyalty as an input to the buying decision has been some- 

what neglected in the literature. This is a further area 

where the work can be developed profitably.
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‘TITANIUM CUSTOMERS 
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A.2 Other Exploratory Studies 119 

A.3 Literature Review on Flow Chart Models 
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Ae3-2 HP Model Building Methodology 125 

\.3e3 HP Model Structures 127 

Ac3e4 Summary 128 

A. he Flow Chart Model of the Titanium Customer Teo 

A.1i__The Statistical Profile 

This section of the appendix largely consists of the 

sample distributions referred to in Chapter 4. Since 

the data collection is described there, that description 

is not repeated here. 

Enquiry Frequencies 

Table A.1 shows the number of enquiries received 

on each day of the sample, None of the more popular 

theoretical frequency distributions were found to be reasonably 

compatible with the data. (Although the Poisson seemed 

most likely, it proved inadequate). 

Order Frequencies 

Table A.2 shows the sample of total number of orders 

per day. No theoretical model was indicated.
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Table A.1 DALLY FREQUENCY OF ENQUIRIES 

Enquiries | Number ||Enquiries | Number ||Enquiries | Number 

per day of daysjjper day of days||per day of days 

o-6 oO 18 2 30 3 

@ a 19 9 31 2 

8 oO 20 3 32 2 

9 1 21 & 33 ° 

10 2 22 3 34 ° 

11 3 23 6 35 1 

12 2 24 3 36 1 

13 ve 25 6 37 3 

14 4 26 3 38 2 

ES 4 27 2 39 ° 

16 10 28 4 40 1 

47. 9 29 4 over 40 ° 

Total 109 days        



  

  

  

  

Table A,2 NUMBER OF ORDERS RECEIVED PER DAY 

Orders Number Orders Number Orders Number 
per day of days per day| of days|| per day | of days 

o-3 Oo 16 3 29 2 

4 1 ad, 5 30 °o 

5 2 18 6 31 1 

6 oO 19 4 32 2 

a Oo 20 5 33 2 

8 2 21 4 34 oO 

9 1 22 3 35 ° 

10 1 23 2 36 i 

11 4 24 4 37 1 

12 3 25 4 38 2 

a3 4 26 1 39 oO 

14 5 27 1 4o 1 

15 4 28 2 Total 83 
days                    
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Enquiry Sizes 

The sample distribution of enquiry sizes (measured 

by weight) is shown in table A.3. 

Order Sizes 

A sample of orders received yielded the distribution 

shown in table A.4, 

Enquiry and Order Sizes 

Although theoretical distributions were not found 

to describe the two samples obtained, their similarity 

j 1 i. 
of shape seemed striking. A chi-squared test confirmed 

this strong similarity. 

The chi-squared statistic was calculated using table A.4a, This 
gave 

2 
= 15.76 14 5.76, 

which does not refute the hypothesis that the samples were from 
identical populations,at the 20% level. 

Order Weight and Price 

The data obtained from the small sample comparing 

the weights (w) and prices (P) of some orders forms table 

A.5. The regression relationship, 

P = 27.6 + 5.05W 

had a coefficient of determination 0.989, and the standard 

error of the regression coefficient (5.05) was calculated 

as 0.121.
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Table A.3 SIZE DISTRIBUTION OF ENQUIRIES 
RECEIVED 

  

  

  

Weight (ke) Number Weight (kg) Number 

0-49 178 800-899 5 

50-99 33 900-999 8 

100-149 30 1000-1999 28 

150-199 16 2000-2999 8 

200-299 29 3000-3999 7 

300-399 9 4000-4999 3 

400-499 12 5000-9999 1 

500-599 7 10000-14999 ° 

600-699 3 15000-19999 1 

700-799 4 Total 4o2 
Enquiries              
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Table A.4 SIZE DISTRIBUTION OF ORDERS RECEIVED 

Weight (ke) Number Weight (kg) Number 

0-49 186 800-899 6 

50-99 45, 900-999 11 

100-149 26 1000-1999 42 

150-199 18 2000-2999 15 

200-299 20 3000-3999 5 

300-399 10 4000-4999 4 

400-499 44 5000-9999 1 

500-599 10 10000-14999 1 

600-699 2 15000-19999 2 

700-799 11 Total 433 
orders              



  

  

    

  

    

Table A.4a CALCULATION OF CHI-SQUARED STATISTIC FOR 

ENQUIRY AND ORDER SIZE DISTRIBUTIONS 

Class Observed frequencies Estimated | Expected frequencies 

enquiriesLorders | total preb- enquiries orders 

ability 

Oo - 49 178 186 364 436 175.24 188.76 

50 - 99 53 45 98 ohh? 47.18 50.82 

100-149 30 26 56 -O67 26.96 29.04 

150-199 16 18 34 -041 16.37 17.63 

200-299 29 20 49 -059 23.59 25.41 

300-399 9 10 19 023 9.15 9.85 

400-499 12 LE 23 +028 11.07 11.93 

500-599 f 10 17 -020 8.18 8.82 

600-799 ll 20 27 +032 13.00 14,00 

800-899 5 6 iL 013 5.30 5.70 

900-999 8 iL 19 023 9.15 9.85 

1000-1999 28 42 70 os4 33.70 36.30 

2000-2999 8 15 23 028 23-07 11.93 

3000-3999 1 5 12 -O14 5.78 6.22 

4000+ 5 8 13 O16 6.26 6.74 

Total 402 433 835 1,000 402.00 433.00             
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Table Ae5 PRICE AND WEIGHT OF ORDERS 

Price Weight Price Weight 

< kg & kg 

69.22 9.6 2400.19 400.7 

103.64 31.0 41.28 923 

152.0 35-0 633-74 130.4 

162.35 38.0 1201.5 160.2 

Does 12.5 99.6 7265 

50.0 2.99 74.76 8.9 

60.0 1304 220.32 45.29 

17.0 2.0 2362.72 496.4 

292.88 24.5 2235.36 465.7 

79.55 7.8 1318.4 256.0 

18.0 3.8 1419.14 25547 

19.4 4.0 264.38 41.7 

15575 2.1 40.53 2.72 

325 4.0 170.5 3065 

57.07 10.1 175.8 28.4 

31.5 4.2 134.55 23.4 

835.03 110.6 2471.07 504.3 

100.0 27.0 443.09 81.3 

781.46 176.8 132.25 21.4 

295.26 66.8 19.52 32 

43.71 aah             Sample size: 41 orders 
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Order to Delivery Time 

This sample is shown in table A.6. A theoretical exponential 

distribution with mean 53.5 was fitted to this data. The 

hypothesis that the sample was taken from such an exponential 

distribution was not refuted by a chi-squared test. 

Table A.Ga shows the calculation of the chi-squared statistic, 

2 a = 2.32 

This test does not refute the hypothesis at the 20% level. It 

was felt, however, that the chi-squared test may not be very sensitive 

with such a small sample, so the hypothesis was leo ueubjested to 

a Kolmogorov-Smirnov test. This gave a test statistic of.0.106, 

which did not refute the hypothesis at the 20% level. Table A.6b 

gives the calculation of this statistic. 

Delivery to Payment Time 

The data is shown in table A.7, The hypothesis that this 

data was a sample from a normal distribution with the same mean and 

standard deviation was tested by a chi-squared test. The hypothesis 

was not refuted. 

Table A.7a shows the calculation of 

ia = 1.095 

Thus the hypothesis was not refuted at the 50% level. Since this 

test was also carried out with a small sample, the Kolmogorov-Smirnov 

test was used on this data. The test statistic (calculated in 

table A.7b) was calculated as 0.052 which did not refute the hypothesis 

at the 20% level.



120 

  

  

  

          

Table A,6 DISTRIBUTION OF ORDER TO DELIVERY TIMES 

Time (days) Number of Orders 

0 - 20 16 

21 - 4o 10 

41 - 60 1 

61 - 80 5 

81 - 100 4 

101 «= 200 3 

201 = 300 m 

Total 41 orders 

Table A.éa CALCULATION OF THE CHI-SQUARED STATISTIC FOR 
    

  

ORDER TO DELIVERY TI 

  

  

Order to Delivery Expected Observed 

Time (days) frequency frequency 

0 - 20 13.08 16 

21 - 40 8.69 10 

41 = Too 12.96 10 

101+ 6.27 5          



= SL20n = 

Table A. 6b CALCULATION OF KOLMOGOROV-SMIRNOV STATISTIC 
  

FOR ORDER TO DELIVERY TIME 

  

  

  

        
  

  

  

  

  

      
  

Order to Delivery Cumulative Probability 
Time (days) Expected Observed |Expected-Observed | 

20 307 -390 083 

40 pone -634 106 

60 -674 659 025 

80 TTT, -780 003 

100 846 878 032 

200 -977 951 026 

300 996 1.000 004 

Table A.7 DISTRIBUTION OF DELIVERY TO PAYMENT TIMES 

Time (days) Number Time (days) 

-19 to O 3 81 to 100 4 

1 to 20 1 101 to 120 3 

21 to 4o 3 121 to 140 a 

41 to 60 9 141 to 160 ° 

61 to 80 8 161 to 180 1 

Total 34 orders       
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Table A. 7a CALCULATION OF CHI-SQUARED STATISTIC FOR 
  

DELIVERY TO PAYMENT TIME 

  

  

          

Delivery to Expected Observed 

Payment Frequency Frequency 

Time (days) 

LO! = 40: 8.466 of 

41 - 60 6.902 9 

61 - 80 7.140 8 

81 - 180 11.050 10 

TABLE A.7b CALCULATION OF THE KOLMOGOROV-SMIRNOV TEST 
  

STATISTIC FOR DELIVERY TO PAYMENT TIME 

  

  

  

        

Delivery to Payment Cumulative Probability 

Time (days) Expected Observed | |Expected-Observed| 

O° 042 088 -046 

20 Tu? -118 +001 

40 258 206 052 

60 456 2471 O15 

80 “666 -706 -040 

100 833 824 -009 

120 +934 912 022 

140 - 980 971 -009 

160 995 971 024 

180 999 1.000 -OO1 
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Thus, with such a small sample (only 34 orders), a normal dis- 

tribution of time delays seems reasonable. Since many 'natural' 

processes yield normal time distributions, such a model seems 

reasonable for this process. 

Order to Delivery and Delivery to Payment Times 

The independence of the two distributions was tested initially 

using a 2 VN test. This test gave a score of 1 which was lower 

than 11.5, which would have indicated dependence. This test thus 

showed no dependence at the 5% level between the distribution. 

The correlation coefficient for the data was calculated as 0.129. 

The t-statistic for this value is 0.724, with 31 degrees of freedom. 

This indicated at the 5% level that the correlation coefficient was 

not significantly different from zero. The data is shown in 

table A.7c,. 

The first test requires no assumptions about the form of dependence 

between the two times. The calculation of the correlation coefficient 

is based on the assumption that any relation between the times is 

linear, while the t-test assumes that deviations from this line are 

normally distributed. 

A.2 Other Exploratory Studies 

The accuracy of forecasts made by the Division's forecasting expert 

were assessed. These were found to have a consistent bias which 

  

ed as the forecasting horizon increased (as shown in 

figure A.1).
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Table A.7c RELATIONSHIP OF ORDER TO DELIVERY 

AND DELIVERY TO PAYMENT TIMES 

  

  

  

Order to Delivery to Order to Delivery to 
Delivery Payment Delivery Payment 

Time (days) Time (days) Time (days) Time (days) 

122 110 15 63 

2 53 22 63 

5 -2 27 51 

3 84 68 65 

129 101 78 55 

3 64 83 50 

22 LL 76 50 

37 21 15 85 

2 -6 28 68 

10 Oo 31 65 

fy 161 33 91 

1 47 227 74 

46 57 36 115 

91 37 95 123 

70 46 13 97 

23 126 1 39 

264 56            
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Figure A.1 A_ COMPARISON OF FORECAST AND 
ACHIEVED SALES 
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A rule was thus obtained for adjusting these Rraceat seo 

A measure of the variability of these forecasts was also obtained. 

The variability of the forecasts was found generally to decrease 

as the forecasting horizon increased (apart from the bias). 

An attempt was made to predict sales by using regression analysis 

on historical data. Although some statistically reliable fits 

were obtained, polynominal regression was necessary in most of the 

cases tried. These curves made somewhat volatile forecasts, 

which were intuitively unreasonable. Since the maintenance of 

the ceteris paribus conditions were doubted, this approach was 

not taken further. 

Consideration of the structure of the Titanium Industry (described in 

Appendix C.1) helped to focus attention on the parts of the system 

interacting with IMI. IMI is a melter and semifabricator of titanium, 

and (as shown in figure C.1) the major flows across its boundary are 

of titanium sponge, scrap, and mill products. An assessment of the 

  

The rule was:- 
F = F J (i-127 - .00229W) 

n 

where Fr was the corrected forecast, x, the original one, and 

W was the mean length of time ahead (in weeks) for which the 
forecast was made. 

There is evidence from a survey of American firms (Hirsch and 

Lovell (1969)) to suggest that a firm's sales forecasts are 
likely to be either consistently pessimistic (as in the case 

here) or consistently optimistic. The same study concludes 

that, in general, short range forecasts will be more accurate 

than longer range ones. 

Work in the subjective estimation of probability (Hampton, Moore 

and Thomas (1973)) indicates a strong tendency for estimates of low 
probabilities to be understated, and high probabilities over-stated. 

This effect could explain the consistent decreasing bias of IMI's 

forecasts: at long range it is forecasting the sum of outcomes of 

many low probability events, which become high probability events 

when the horizon is short enough.
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future development of each of these flows was made. 

Sponge costs represent a substantial part of the costs of the 

final product, and are the principal raw material cost. IMI 

purchases the majority of its sponge on long term contracts, at 

a fixed price. This policy has resulted in only one change in 

sponge prices over the past six years. Since the majority of 

sponge is sold under long term contracts, this policy is unlikely 

to change within the next ten years. The major part of sponge 

costs are involved in conversion from the ore, and this expensive 

process shows no sign of being superseded by a dramatically cheaper 

one. Sponge prices are not expected to change significantly as a 

result of ore price movements. 

Scrap circulates around the Titanium Industry. By management policy, 

IMI sells some forms of scrap, but does not buy titanium scrap. IMI 

does, however, recycle some of its own process scrap. Scrap is of 

various types, only some of which are suitable for incorporation into 

titanium ingots. At the present time, there is a technical limit 

on the proportion of process scrap which can be used in this way 

(since such incorporation reduces the strength of the compacted 

electrode). Despite intensive research effort, there is no sign 

that an imminent technological breakthrough will affect this pro- 

portion drastically. Thus IMI's interaction with the scrap market 

is not expected to change significantly in the next ten years. 

Scrap forms a relatively small proportion of IMI's raw materials. 

The vast majority of sales of titanium mill products are destined for 

aircraft manufacture. The same is true for IMI's sales. IMI's 

sales forecasts are based largely on the expectation of numbers of
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different types of aircraft built. An examination was made to 

establish whether sales of titanium into this market could be 

forecast by linking through to forecasts of passenger-mile demand, 

and air freight forecasts. However, this was not useful because 

of the various factors influencing the links between them, A 

good deal of titanium (about 50% historically for IMI) is incorporated 

into pre-production planes, which are never sold to airlines. 

It is not clear how aircraft sizes and speeds will develop, as these 

have a critical effect on the number of aircraft required. Aircraft 

purchase decisions appear to be made largely with respect to internal 

financial criteria of the airlines. Most airlines have recently 

had liquidity problems which have depressed the demand for new 

planes. Owing to the stringent safety requirements for aircraft 

operations, which result in long testing programs of aircraft develop- 

ment, aircraft lead times are long. This effect meant that IMI's 

current forecasts of aerospace titanium demand were of more use than 

technological forecasts over a ten year planning horizon. Asa 

further approach to examine the cross elasticity of titanium, a 

normative model of the design process for a jet engine disc was 

developed. This attempted to show how the prices of the various 

possible materials would affect their demand, by treating the disc 

as a simple mechanical structure, and only considering the stresses 

and temperature limitations. The approach was not taken further 

because the model was not able to show reasonable agreement with the 

true life process, because so many other factors are important in 

the design of a real disc. 

Examination of the demand for titanium in space and missile systems 

indicated that, owing to the curtailment of the American space
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programme, sales would decline somewhat from their 1970 level. 

Approaches taken to look at the non-aerospace market for IMI's 

titanium included interviews with technical sales personnel 

No completely new products with large potential were put forward 

during these. A survey was made of the various applications 

(such as jewellery, surgical implants and ultra-centrifuge rotors) 

which took a small but growing share of the market. This indicated 

that such growth was likely to be swamped over the planning horizon 

of the work, by aircraft sales. Economic forecasts for user 

industries were studied, and markets examined, to draw this conclusion. 

Thus the structure of the Titanium Industry, although complex, is 

largely isolated from IMI's point of view. The significant inter- 

actions which IMI experiences in the Industry are with its customers. 

The various technological forecasting approaches examined in IMI's 

markets were less useful and credible to IMI's management than 

currently produced forecasts. For these reasons, the promising 

approaches outlined above had to be rejected for the purposes of 

this project. 

Some investigations were made of companies buying IMI 

titanium, These took the form of financial appraisal, and 

an assessment of their management and business position.
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This was done largely using ratio analysis, an approach 

which needs careful use, Although tentative forecasts 

of their titanium consumption were made, the method would 

apparently not yield accurate forecasts, It served 

however as a useful approach to looking at customer 

industries, fhe data collection for this work involved 

obtaining both published and unpublished financial and 

other information from a variety of sources, A number 

of useful insights into the customers selected were obtained, 

and found useful by the Sales Department. 

A survey of the files available in the Sales Department 

was carried out to find suitable information sources for 

planning purposes, Sales Managers' Monthly Reports were 

found to be reliable extractors of important information 

from reports circulating in their departments. 

Ac3 Literature Review on Flow Chart Models of Industrial 
Buying 

A.3.1_ Introduction 

The reported investigations of buying decisions in 

industry have been classified (Moore (1968)) according to 

whether they describe how decisions ought to be made 

(i.e. normative models) or how decisions are actually made 

(ise. descriptive models). This section concentrates on 

studies of actual decisions in the belief that only such 

work will be of use in modelling titanium buyer behaviour.
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Since the real industrial buying process is complex (Wind 

and Robinson (1968)), there is little analytical work in 

the field. The majority of the published studies have 

used a simulation technique known as heuristic program- 

ming (H P)(uehn (1962)). Moore (1968) describes the HP 

approach as:- 

"a) analysing the actual, step-by-step cognitive 

process which an individual consciously or uncon- 

sciously follows in arriving at a given decision, 

and b) developing an explicit flow diagram model and 

computer program which will produce the exact same 

output as the human counterpart." 

This description would seem to have some limitations in 

the industrial context. As Wind (1971) points out, many 

industrial purchase decisions are influenced by several 

individuals. For a model to be useful it should presum- 

ably include all substantial influences on its outcome, 

and so model the group decision behaviour. Massy and 

Savvas (1964) point out that computers are only an expedient 

in the modelling process, Clearly, a model which produces 

the "exact same output" will be valid. However, one 

which produces a similar but non-identical output may be 

almost as useful as an absolutely true model. 

Thus an operational version of Moore's definition, which 

is suitable for examining the buying decision might read: 

& a) analysing the actual step by step process fol- 

lowed in arriving at the buying decision,
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and b) devloping an explicit flow diagram model 

to produce the same output." 

A.3.2 HP Model Building Methodology 

The building of flow-chart models has been described 

by Massy and Savvas (1964), but the actual derivation 

from "field data" is left to the studies of some decision- 

makers. Moore (1969a), in a study which generalises 

from several independent buying decision-makers, describes 

how flow models are produced by seeking commonality from 

a large collection of anecdotes. Morgenroth (1964) and 

Howard and Morgenroth (1968) obtained flow charts more 

directly by interviewing managers, and obtaining their 

articulations of their own decision rules (termed protocols). 

Schussel (1967), in a study of photographic dealer film 

buying behaviour, similarly interviewed dealers and asked 

them to describe their ordering policies. 

Models based on the Behavioral Theory of the Firm (Cohen, 

Cyert, March and Soelberg (1963) and Cyert, March and 

Moore (1963)) have been designed originally from a normative 

viewpoint, but have stood up to later validation surprisingly 

well. 

Wind (1966) describes a two-stage process for initially 

deriving decision models: a first stage consisting of 

unstructured interviews with "key" people in the decision 

process, which is intended to uncover the relevant decision
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variables, followed by the second stare where protocols 

are obtained by asking; participants to "think aloud", 

Although not stated, this apparently refers to anecdotal 

data, and not direct transcription of the participant's 

protocol. 

Little has been written comparing these three methods of 

initially setting up a flow chart, although one study 

(Massy and Savvas (1964)) states:- 

"Individuals can rarely describe all the details 

of their jobs with great accuracy." 

Similarly, Moore's (1968) definition of an HP implies 

that the researcher ought to investigate anecdotes, and 

himself work out protocols from them. However, Morgenroth's 

(1964) work, which is based on an apparently weaker approach, 

yielded extremely accurate results, when the model was com- 

pared to previous decisions. There seems to be little 

to favour the normative approach. 

It seems to be fairly well established (Massy and Savvas 

(1964), Cohen, Cyert, March and Soelberg (1963), Morgenroth 

(1964), Howard and Morgenroth (1968) and Wind (1966)) that, 

once established, the protocols should be verified by sub- 

mitting them to a large scale comparison with previous 

historical decisions, using the firm's existing data. 

A further test suggested in Morgenroth (1964) and Wind (1966) 

is to validate the models by reference t other involved 

personnel (e.g. other buyers).
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Ae3- HP Model Structures 

The use of flow-charts to describe buying decisions 

results in the treatment of the buying decision as a 

system of sequential sub-decisions. Apart from this, 

there are many other similarities in the models of dif- 

ferent decisions reported in the literature. Moore 

(1969b) in a survey of HP models, classifies their decisions 

into functional types:- 

i) Categorization, where each supplier is evaluated 

against a fixed measure. 

ii) Choice, where a subset of suppliers is chosen, 

by selecting the "best" performers on some 

criterion, 

iii) Computation, where no alternatives are considered 

(e.g. a sales forecast made). 

Cohen, Cyert, March and Soelberg (1963) have derived a 

model which shows a hybrid of the two first functional 

types. If an adverse condition is produced by categorizat- 

ion, a localised search is carried out to produce choice 

behaviour, These three functions therefore form the 

"building blocks" of an HP model. 

Loyalty, or memory is a frequently occurring concept in HP 

models’, Wind (1966 and 1970), and Webster and Wind (1972) 

  

A more complete discussion of the concept of loyalty and 
how it is shown by other writers is found in 
Bubb and van Rest (1973).
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have concluded that source loyalty ie a factor in orgunisat- 

ional buying behaviour, Moore (1969a) treats similar 

behaviour in a rather different way. He finds, ina 

general model, that buyers tend to select suppliers from 

those on an "acceptable list". A feedback system is 

operated to keep the lists up-to-date, Since this feed- 

back tends to be slow in comparison to the order decision 

frequency, it produces source loyalty. Forrester (1961) 

shows similar behaviour in a feedback or memory system. 

  

1. Rao (1969) has put forward a measure of the brand loyalty 
of a consumer of a frequently purchased food item. 

This measure is developed to characterise the response 
of a consumer to advertising , and is in terms of three 

market variables: the number of competing brands, k, 
the proportion of his purchases satisfied by his favourite 
brand, p, and the maximum length of time (in years) the 
consumer has favoured any brand, L. Loyalty, Z, is given 
by: 

Zz = Lp - L/k 

100 = 100% 

This measure thus summarises past behaviour in the market, and 
exhibits a loyalty which is not specific to a brand. 
Rao uses the measure in determining the response to advertising 
strategies. 

As pointed out in Bubb and van Rest (1973), in industrial 
buying loyalty is more usefully,for modelling and predictive 
purposes, regarded not only as asummary of buying decision 
outcomes, but as an input to each decision. 

The model developed in this thesis requires such a measure 
of loyalty which is specific to each supplier/customer pair, 

and which can reasonably be used as an input to the decision. 
The definition proposed by Rao is unsuitable for use in this 
situation, since it depends on the number of brands: in our 
case we do not wish loyalty to change if other suppliers come 
or go. Also the measure is not specific to a particular supplier
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A.3.4 Summary 

While many studies have been written describing 

industrial buying rationale, there does not, of yet, appear 

to be a theory which can be directly applied to a specific 

market (Moore (1969») ) (in our case titanium). 

The suggestions for obtaining protocols, although sketchy, 

are useful. Similarly, reports of specific models are 

useful in that they give help in obtaining protocols from 

reports of anecdotes. 

Little help is given with validation of the models, which, 

according to Moore's (1968) definition are either valid, 

and describe reality perfectly, or invalid. This type 

of validation must surely be tempered by the model's useful- 

ness. It is surely better to have a so called invalid 

model used, than an unusable, but valid model. The major 

although some models describe the process well, no report 

of the use of any model is presented. 

A.4 The Flow Chart Model of the Titanium Customer 
  

This model is described in Chapter 5, and has been program- 

med in FORTRAN, Since the program listing forms the most 

detailed specification of the riodel, that is attached here 

as table A.8. >
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fable A.8 THE CUSTOMER MODEL PROGRAM 

LEAs ¥ Crd, Sunn 
Lrst a 
DRAGAN CFALLD 
iment tow ene 

  

  wert pe Leo 
tapur 3 = THe 
1NvUT 5 = Ch 
OUTHT 6 = LPL 

    

COMPRESS INTEGER AND LOGICAL 
TRACE 2 
END 
THACK 1 
READ FROM CCR? 
MASTER XX 
HEAL O2PNC10) FXPC109 OUPC1O,EXDCLO) SONI), THDCLOIeCOP COD 

A sIKsPMSINTHs INTC, 109 4REST 2 SENC5) sPHURSCL O95 THs SPL PCOs PLP» 
HAPL,€8) 4 PUES) oLPS, SCP%sCPRCLO) » TSPs SE Be TSF SECLOD oEDCLOD 
CaMFP,ATRC10s 5) sADEP, SENCLO) » UY CLM) s EEOC Ms PCPLCS2 109 
INTEGER CAAGERSDACLOSEXCLO9 #ASC100590CL 110940G€109sALIC102¢JCoMP 
PLCS) 4FP ARCS) SPRESHTINUMS SPA» ADEOCLOD 

HePENPCID) 9 MiIHC1 026 DHUPROD 
MN 0, PERS» PCOPs PCPL» CPX» PSENs PLOY» REO, ALI» CPL» ORNKs THs EXs AS» PB 

PTNMEATIGSEN 4X5 1tP, OU COP. COD 
© INPUT ROUTINE FOR NOW 

7 CONTINUE 
DN 73 J=1s10 
PCOPCJ)=0 

73 RECCO=1. 
CALL GENINP 
CALL ORDINP 
CALL GENPRI 
CALL ORDIPR 
DO 12 Jel, TW 

12 CLICUD=1 
PNTasesmse= RFOUIRFMENT FOR PRODUCT 

COMMENT==<ss=== PREPARE LIST OF ACCEPTABLE SUPPLIERS 
SPA=0 
KJ=0 

200 DO 301 J=1,10 

  

       

    

  

  

  

c TW=TOT SIZE OF WORLD LIST 
IFC JeGT«TW) GO TO 303 
IFCEX¢J) «£0+0) GO TO 303 

c EX(ICsJ) =0 IF CUST IC HAS NO FXPFR OF SUP 
IF CASCJeX)+E0+09 GO TO 303 

c ASCJsX=ARILITY OF SUPP J TO SUPP PROD Xot 
IFCPECU)+LT+0+2) GO TO 303 

c PRCIC,J)=PREPAREDTOBUYINDEX CUSTIC SUPPJ 0 
CLIC =1 

c CLICJ=CURRENT LIST INDEX 1=ALIVE 0=DEAD 
Go TO 301 

203 CLICJ=0 
301 KdskJ+CLICd> 
302 CONTINUE 

IFCKu+ FO.) GO TO 8989 
CORMENT= ©= CLI AT THIS STAGE SHOWS IF GOING TO ISSUR ENQUIRY   

VPITEC2s 308) (CL1CI) d= 15109 
FURNATC10X» 1BHENCUIRY DECISIONS 4 10¢1Hss1XsT1s 1X?) 
DO 210 Jel, TW : 
IFCCLICJ)+E0+02G0 TO 311 

a0 a 

SPHCTATIONS FO: 

  

PRICK # DELIVERY      AGH SUPPLIEA 
8888 FORNATC30X.12) 
600 DO 691 J=1,TW 

IF (9GCJ)+E0.09G0 TO 601 4 
EXP (J) =OUPCJ) 

FXP(J)=EXPECTED PRICE FROM SUPPLIER J 
QUP(J)= QUOTED ---    

EXD( J) SOUDC J) +TRDCI? 
EXD¢J)sEXPECTED DELY 
QUD¢y)= OUNTED = 
TRD¢ J) =ADJFACTOR=~=~: 

   

  

aa
a 

aa
 

601 CONTINUE, 
602 CONTINUE, 

SRITEC2s 605) CEXDCI)s Jel» 10) 
605 FURMAT(10X220HEXPECTED DELIVERIES »10€1H»s1XsF6+201X)) 
WRITEC2, 606) CEXPOI) s d= 1s 10) 

606 FORMAT CLOXs1GHEXPECTED PRICES »10€1H»s1XsF6+2s1X)) 
ses=SHT UP ATR FOR NOW 

ATHCLO.5) © ATTRIBUTE MATRIX 
ATKC 21) © EXPECTED PRICE 
ATRC 9?) = EXPECTED DELIVERY 

  

    

  

ATRE 99) OYALTY 
24) = QUALITY 
25) © PRESSURE FROM BUYER'S CUSTOMER    ATHOS 

ale CONTINU, 
COMMENT s2*2="8 EVALUATE EACH SUPPLIER AGAINST CUT-OFFS 

WRITE 0009 
ROA FUNMATCSXs25UEVALUATE AGAINST CUT-OFFS > 
Ton MD 7M tele TH 

ALLEN SOGEN 
LF CESP GD GT COP) 

   

TO 709 
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Table A.8 (continued) 
Cc COPSCUTURF PRICE 

IF CEXDO)+GT*COD) GI TU 703 
c CUDSCUTOFF DELIVERY 

sn to 701 
7023 ALTO #0 
701 CONTINUE 

CUMMENTsseeee2= ALI AT THIS STAGE SHOMS WHATS LEFT AF 
URITEC% 7059 CALTGI 9 d= 1910 

70S FORMATCLOX,20NLERT AFTER CUT=OFFS s10C1MssI%st1,1X)) 

COMMENTssssses5 CUNT SUPPLIES UN LIST # BRANCH 

  

cUT-OFFS: 

      

WRITECA, B01) 
6001 FURMATCSX,25HCUUNT REMAINING SUPPLIERS > 
800 JC=0 

c JsCOUNT OF CURRENT LIST 
DN 601 J=1,TW 

BOL IFCALICU)«FMe1) JC=IC+l 
WRITE (2,451) JC 

&51 FORMAT C10X,4iJC= »12) 
802 IF "020960 TO 900 

z co 7M 1503 
COMMENT=ssss=== SFLECT CUSTOMER'S FIRST PREFERENCE VARIABLE, 

VRITECA, BO0R) 
8002 FORMAT(SXs30HSELECT MOST IMPORTANT VARIABLE » 
1020 CONTINUE 

DO 1230 J=1.TW 
1230 ADEQCI)=ALICI) 
1000 MP=20 

DO 1001 J=1s5 
IF(CPL(J)+GEeMP)GO TO 1001 
MP=CPL(J) 
FP=J 

1001 CONTINUE 
WRITEC2+10059FP 

1005 FORMATC10X,27HFIRST PREFERENCE VARIABLE = 412 > 
c CPL(J)=CUSTOMER PREFERENCE LIST 
¢ FP=CUSTOMER'S FIRST PREFERENCE VARIABLE 
te 
cl 

    

MP=MIN PREF 
OMMENT======== SELECT BEST SUPPLIER ON THIS VARIABLE + OTHER SATIS ONES 

WRITEC2,8006) 
8006 FORMAT(S%,30HSELECT SUPPLIERS WITHIN LIMITS > 
1200 IFCFP.GT.2-5)G0 TO 1201 

MFP=10000000+ 
c MFP=MINCOR MAX) OF FST PREF 

DO 1202 J=1,TW * 
IFCADEQCJ)+FQ+0) GO TO 1202 
IF CATROJ) FP) «LT+MFP) MFPSATRC Jo FP) 

1202 CONTINUE 
c ATRCJs FPIZATTRINCCUST Js 1=PRCE, 2=DELY, 3=LOY, 4=0UALs 5=CCP) 
C ADFP =ADEQ VAL OF FST PREF 

  

IFCADEO (J) +F0.09GO TO 1203 
IFCATRCJsFP)+GT+ADFP) GO TO 1220 
ADEQCU=1 
GO TO 1203 2 

1920 ADEOCU)=0 
1203 CONTINUE 

URITEC? 1658) ADFP 
1658 FURMATCLOX,6HADFP= F863) 

GO TO 1600 
1201 MFP=-1e 

DO 1204 Jel, TW 
IF (ADEQCJ)+F0.09G0 TO 1204 
IF CATRC Js FP) «GT +MFPIMFP=ATR( JsFP) 

1204 CONTINUE 
ADFP=MFP*¢1-SENCFP)) 
WRITEC2, 1658) ADFP 
DO 1205 J=1,TW 
IFCADEQ¢J)+E0.09G0 TO 1205 
IF CATRCJsFP)+LT+ADFP) GO TO 1221 
ADEQ(=1 
GO TO 1205 

1221 ADEQCU)=0 
1205 CUNTINUE 
WRITECSs 1210) CADRQC Js Jets 10 
FORMAT (10X22GHAEFOUATR. ON THIS VARIABLE »10¢€1H»»1Xs11,1X)) 
ceo 

pNT==2=s=== CUUNT CURRENT LIST + BRANCH 
WRITECA, 6002) 
DU 1601 J=1,TW 
IF CADEQCJ)+FO+09G0 TO 1601 
JC= JC+1 
PR5=J 

1601 CONTINUE 
WRITER, 1657996 
FURMATCLOX,4HUCs 412) 

2 IFCJC+EO.12G0 TO 1500 
CONTINUE 
jTaesseesu MOVE FIRST PREFERENCE TO nUTTOM OF LIST 
CPL CFP = CPLEFP I-45, 
WRITHCA, 80079 
FURMAT COX, LAMLIST CYCLING CHECK > 

ENTessnass= CURCK FI PREFERENCE LIST CYCLING ONCE 
1900 [FCCPLCRP) +FOe10GH TO 2A00 

COMMENTS sevens CHECK Fit PREFERENCE LIST CYCLING TWICE 
S100 TROECPLCRP) «ROIS GH TH 2000 

Guta noo 
CUOMENT@seeenan DUMLE PREFERENCE SELFCTIUN SENSTTIVITLFS 
Pena ML SPOL dele hs 
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Table A.8 (continued) 
PAL SENGMESHNGN ADs 

Gu TN L0p9 
NYseeaevas MITE PREFERED SUPPLIER 
buITECH HOOK) 

HOOK ULMAT OV%, HONS IN 
1500 PH 1601 Jets Ty 

6) Gu TO 1502 
PRES CPUS) © Le 
Gu Ta 1st 

c PRS=NO. OF PHI 
1502 PRFSCJ)=0- 
1501 CONTINUE 

c PRFS(J) = PREF RATINGS SUM TO 1 
Ga TO 2300 

AOKO WRITECR, 8899) 
#899 FOKMATC10Xs25HNO SATISFACTORY SUPPLIER > 

GO TO 4999 
1503 DO 1504 J=1,TW 
1504 PRFSCJ)=ALICU) 

GO TO 2300 
COMMENT=s2===== NOTE PREFERRED SUPPLIERS 

WRITER, 8009) 
#009 FORMAT(SX,2AIMULTIPLE PREFERRED SUPPLIERS > 
2000 CONTINUE 

KR=0 
DO 2001 Ja1,Tw 
IF CADEQ(J)+E9+0) GO TO 2001 
KR=1M+1 

2001 CONTINUE 
DO 2002 J=1,TW 
AIND=ADEQC J) 
BIND=KR 

2002 PRFS(J)=AIND/BIND 
c 

     
  

cu 

  

SUPPLIER >    
    

  

FURED SUPPLIER 

TP = RUNNING VARIAPLE FOR TOT OF PRFS 
WRITEC2,2005)(PRFSCJ),J= 1410) 

2005 FORMAT(10X.19HPREFERRED CUSTOMERS »10¢1H»»1X+F5+3.1X)) 
GO TO 2300 

COMMENT=s====== RELAX CUT-OFFS BY 10% 
WRITEC2, 8003) 

8003 FORMATCSXs20HRELAX CUT-OFFS A BIT > 
900 COP=COPs1.1 

COD=COD#1.1 
COMMENT====s=== EVALUATE EACH SUPPLIER AGAINST CUT-OFFS AGAIN 

WRITEC2, 8004) 
8004 FORMAT (SX, 28HRE- EVALUATE AGAINST CUT-OFFS > 
1100 DO 1101 JetsTW 

ALI ¢J)=0G6¢U) 
IF CEXP(J)+GT.«COP)GO TO 1103 
IF CEXD(J)+GT+COD2GO TO 1103 
GO TO 1101 

1103 ALIC =o 
1101 CONTINUE 

COMMENTs======= CQUNT SUPPLIERS ON LIST AND DRANCH 
WRITEC2, 8005) 

8005 FORMAT (SX,24H¢13)COUNT SUPPLIERS LEFT > 
1300 RT=0 

DO 1901 v=1,TW 
RT=RT+#ALICJ) 

1301 PRS=J 
IF (RT»FO.09GO TO 900 
IFCRT+EQ+1)GO TO 1500 
GO TO 1020 

COMMENTs===s=== RELEASE DETAILS TO SELECTED SUPPLIERS 
WRITECA, 60109 

8010 FORMAT(SX, ISHINVITE RESPONSE > 
2300 IF(SPA+E0+1) GO TO 3700 

DO 2301 Jat, TW 
IFCPRFSCd) «LT+0405) GO TO 2301 
CALL SUPBEHC J) 

2301 CONTINUE 
COMMENT===s=2== RECEIVE MARKET RESPONSE 
2400 CONTINUE 

ENTs==sss== CHECK WHETHER ANY PRESSURE ON CUT-OFFS 
s===sAGGREGATE CUT-OFF PRESSURE 

PCO=0- 
UPC=0 
DO 2501 J=1,TW 
PCO=Pcn+PcoPty) 

2501 JPC=uPC+L 
PCO=PCO/uPC 

2600 IFCPCO«LT+0+1)G0 TO 2800 

  

  

  

  

      

c PCO= PRESSURE ON CUT-OFFS 0-1 
COMMENT==*ess=s CHANGE CUT-OFF VALUES 

cOP=coP+c1+PCO) 
COD=CON*¢1+PCO) 

cowMENT: se ALTFR PREFERENCE ORDER 
COMMENT#==e2==8AGGREGATE PRESSURE ON PREF LISTS 
2800 DU 2904 UP=1,5 

PUCUP =o 
DO 2905 Jate10 

2905 PUCIP ISP VCP) + +5*PCPL (IPs J) 
IF CPUCUP) «OT +1 PUCUPIE Ls 
TF CPVCUP) aL Te“ 1) PVCU). 

290A CHNTINOR, 
2900 DN 2904 otes 
POAT NPLEW#CPLES)=Re#PUCID 

© NPLCJ) NEW PREF LIST 
c WUCI) PRESS TN CH LIST -1¢REDICEIMP)-+1¢ME 

    

  

    

    

BN 2907 unm 
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Table A.8 (continued) 
hereto 
py p|ne Je 
TECLPS OR BEG) GO TO 
Gi TO avon 

poMn NUM) 
LP SNP 
CUNT INU, 

H.C NIN) a, 
POOR NhLCNUMy Enno. 

VHT TEC2, P9109 ONLI s Jats 5 > 
POLO KIMEAT OX, LOHUEK PREFFHENCE LIST 2 5C1Meo1Xs 
VELTEES, G1) COPLOD) » Tey 5) 

GL FINGATC/, INZ,QONCUSTIER PRIOMITIES: PRICK o11.10 DELIVERY, ULs 
CLO LUVALTYss11,10H OUALITYs,11,30H RUYEK'S CUSTUMER'S PRESSURE 
Das Ttd 

  

    

      

     

    
    T+ 301Kdd 

     

  

NuM  LonP 
LPS VARTARLES 

NTss=se=2= CALCULATE HEVISED EXPECTATIONS 
pO 3101 J=1,TW 
IFCCPXCI)+LT+0459GN TO 9101 

EXP CJ9=FYPCI2 #069 
EXDCJ)= FADES #069 

9101 CONTINUE 
VRITRC2s 3106) CFXPCJ) Jets 10) 

ITEC 3305) CFXDC J) de 19109 
3106 FORMATC1OX,19HNEW EXPECTED PRICES »10€1Hss1%F7+2.1X)) 
3102 CONTINUE 

    

   

  

   

c TSP TOT PRESS ON SENSITIVITIES 
COMMENT= GGREGATE PRESSURE ON SENSITIVITIES 

SPC1)=06 
DU 3302 J=1,TW 

3302 SP(1)=SPC1)+PSENCJ) 
IFCSPC1) «LFe-2)SP(29=6S 
IF (SPC1)+GE62) SPCR) == 6S 
IF (SPC1) GT+-2+AND+SPC1) «LT+2)SPC2)=06 
DO 3303 J=1,5 

3303 SPCJ)=SPCA) 
CONVENT= == CHANGE SENSITIVITIES 
3300 DO 3301 J=1,5 

IFCSPCJ) «LT+0+19GO TO 3301 
SENCJ)=SENCJ) *C1+SPC)) 

3301 CONTINUE 
c 

  

    

  

SP(J) = SENSIT PRES 
COMMENT======== ALTER INDIVIDUAL EXPECTATIONS 
3500 DO 3501 Jel, TW 

EXP(J)=EXP(J)#REOC J) 
EXD(J)=FXD(J) #REQC J) 
IF (PLOY (J) «EC + LDATR(3, J=ATRESsd) #101 

3501 CONTINUE 
WRITEC2s 3305) CFXDCJ) »J= 1410) 

3305 FORMATCLOX,23HNFY EXPECTED DELIVERIES »10¢€1Hs»1XsF7+2. 
WRITEC2s 3106) CEXPC J)» J=19109 

asn2 GO TO 3600 
COMMENT======== CHECK WHETHER SALES PRESSURE HAS HAD EFFECT 
3600 SPA=1 : 

GO TO 300 
COMVENT=====s=== PLACE ORDER 
3700 DO 3701 J=1sTW 
3701 ORDCU=PRFSC I) 40 
3702 CONTINUE 

CUNMENT: === WRITE OUTPUT 
DO 9900 v=t, TH 

9900 URITEC2,9906)J,0RDCUD 
9906 FORMATC10X,12s20XsF12+6) 
8999 CONTINUE 

  

  

Go TO 7 
sTOP 
END 
SUBROUTINE ENO ¢1002,1003) 
DIMENSION ACL) ,A005(10)s1006C10)4A007¢5s10)sA008C102sA009C10),A010 

  

1C109,AD11C10951012C1094T019C5) 4101410941 016C10941017610+594A018C1 
1092A019€1092A020¢104 5400215) sA023¢109,A02AC10) 
CUMN ON A004,A005,1006sA007sA008+A009,A010,A011s1012,1013,1014sT015 
1,1016s1017,A018A0194A020,A021,1022sA023,A024, A025, A026 
COM ON/COOL/TI>KI 
cOMMON/cO0S/I1001 
T3=Th 
CALL MVTIC&HENO > 
T009= 
ANP3CLOOAI=IDEVICL ORT, toll) 
ADZACLONA=IDEVICLO2Es 2.12) 
T1=T3 
RETURN 

P5001 CALL EXITI 
END 
SUPROUTINE SUPREHCIS) 

CONMENT= FANING OF VARIARLES IN SUBROUTINE 
ORDSZ = ARDER SIZ =ORDOTY OR O 
CON C102=CUT-0FF REJECT LTC109 
PCUPCLOI=PRESSURE ON CUT-DFF POINTS = PCOP 
PRSC1O) SSUPPLIER PREFFRENCE MEASURE  =PRFSC10) 
RANKCS) =PREFERENCE VARTARLE  =CPLC5) 
IMeNIN RANK 
PCPLEMs TSISPRESSURE ON PREF VA J FROM SUPP IM,¢1 TO KEDUCE CPLCUD 

=1 TO INC CPLEW) 4 =PCrt 
PXVCTSI= PRESSUNE TA TRANSKUEM VARIABLES #1 TO GET NETTER =CPx 
PSENCMIEPRESEIME TH CHANGE SUTIVITIES 1-MORF SFNSs=ILESS»=PSEN 
PLOY CIS APRESS ON LHYOLTYs 1 TH INCREASE 9 ®PLDY 
URUK EES ADR MONE LAMELs LeFULL » = NK 

  

   

    

  

a
A
n
a
n
a
n
a
a
a
 

     
    

  

a
e
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Table A,8 (continued) 

  

TERCTSY RY EOMUTE Ry PHCh @Dk. 6 a HEO 
© HONCTS) ting HetTE 

PERG COOL, Oty Coy MME LOD 
COPECO OLD Deh E OM OLENA) 
HEE TEE CMD PCE Cos 100 oP LU CLOD HEP CLOD ALTONA) EOC LOD e HCL TCL ATED PHONED 
CUBBOE UNE Zo VS PON LON VEU PERM PLAY HEOs CUils HAUK SHU The EX e Chay THs AT) 

PEENCIS a0. 
PAVCIS) 206 
OOUCTSI=1. 
PLOY (1S) =06 
TF CORDSZ+LT+0659G0 TO 10 
TECCULCIS) 62:96 1)PCUP CLS) #1 
IFCPPNCIS) 6T60669G0 TO 20 
IF CPRSC15) 66T.0605960 TO 21 
IM=200 
DO 22 Jm1,5 
IF CHONKCJ) «GT +IM)GO TO 22 
IN=KANK CJ) : 

22 CONTINUE 
RV=565 
IFCIM.GT+5+5)RV=1065 
DO 23 J=1,5 
IF CRANK (J) «FO+IM+OR+RANK(J)+GT+RVIGO TO 24 PCPLOJsIS)=16 
GO TO 23 

2A PCPLCJsTS)=-16 
23 CONTINUE 

Go TO a1 
20 Im=200 

DO 26 J=155 
IF CRANK( J) +GT+IM)GO TO 26 
INeJ 

26 CONTINUE 
DO A7 J=1e5 
IFCJ+EQ+IN)GO TO 26 
PCPL CJ, 1S)=-1+ 
GO TO 27 

28 PCPLCJsIS)=16 
27 CONTINUE 
21 IFCPRSCIS) «GT.0+05)G0 TO 29 

PXUCISI= 1+ 
29 IFCPRSCIS)+GT.0+6)G0 TO 30 

IF CPRS (1S) +LT+0+05)PSEN(IS)==16 
Go TO 31 

30 PSENCIS)=1. 
31 IF CRANK(3) «E0+1+OR .RANK( 3) «F0«2 «OR + RANK(3) +E0+6+OR+RANK(3) + E067 AsO +HANK(3) «F011 OR +RANKC3) «EO+12) PLOYCIS)= 1+ 

IF (PRSCIS) 67.04.6960 TO 32 
IF CORPKCIS) «E0619GO TO 32 
RECQCIS = 068 

32 CONTINUE 
10 CONTINUE 

RETURN, 
END 
SURROUTINE GENINP 
REAL 0+PDC109,EXPC10)GUPC10)sEXDC10,QUDC109,TRDC1094COP COD 

A 4 DMs PMS INTM, INTC3, 109, REST 2SEN(5),PRFSC10), TPs SPI, PCO, PLPS 
PNPL.€S) 4PVC59s LPS, SCPXsCPXC109s TSP» SPCS)s TSF, SFC1090RDC109 
CoMFPsATRC10,5)sADFPs PSEN( 10), PLOY(109,REQ(10),PCPL(S.10) 
Dy TITLECIOD 
INTEGER Xoo TWsDACIO9» FXC10)ASC104 594 CLIC109s0G661094ALI C109» JCeMP 

CoCPLCS)sFP»NCS)SPRSsRTSNUNSSPA — » ADEQC 109 
D,PCOP (10), GRRE C109, 0RDPROD . 
CONMON @,PRFSsPCUPsPCPLs CPX. PSEN, PLOY, REO, ALI» CPL» ORBK, T's EXs AS2 PB 

Co TRD,ATRSSEN 4X, OUP, QUD, COP. COD 
COMMENT THIS SUBROUTINE INPUTS BASIC DATA WHICH DOES NUT CHANGE WITH EAC WRITECA, 50) 
50 FORMATC10X,SHTITLED 

RFAD(1,93) TITLE 
FORMAT C1008) 
WRITEC2,95) 

95 FORMATCINLD 
WRITE(2,93) TITLE 
WRITEC2s 51) 

51 FORMAT C109 
READCL, 10TW 
WRITECA, 52) 

52 FORNATCL0Xs*EXP OF SUPS*) 
READCL, 109 CEXCD)s ToL. TWD 
WRITEC2, 53) : 53 FORMATCIOX, *ORD BKS*) 
REANCL, 109 CORRKCT)sT=L TWD 
PO 20 J=1,5 
WRITER, S40 
EADCLs 109 CASCLs Ids T= Ls TWD 

54 FURMATCLOX, "AR SUP PROD *, 129 
10 FORNATCLOL0D 

WRITECAs 55) 
55 FORMATO 

  

   
     

  

    

    

   

9: 

NO OF SUPS*) 

      

   

"PREP UY IND*) 

    

        

  

READCL, 909 (PHCLDs Te be TW) 
WRITEOM S46) 

86 FURMATCLOX, *DELY ADS") 
READCL ANI CTHDCL)» Leds THD 
Di AN deae5 
VRITECO, 57) 

ST Fimeararny, tater sy 
AN READOLAADICAT CLs 

   

  

DetedeT¥>
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ble A.B (continued) 

  

   

   
    
   

    

FAT LOR ODD 
nietontta 
Kup 
SUR ONT EAE ATP 
FAL OVNI PAP CLO IS OME CLO SEE DELAY 4 OUCL9 4 THIEL OD 

A MMP TNT NTC, 0D EST 2SENCHIGPUE SCID THs 
MNPL. C591 VCNI SLPS a SCPE, CHYLCL0I 4 TPs SUCH 4 TERS ECL) UCL 09 

MEP sATECI05)00DF Vs PSENCL OD» PLUY C109, KE OCLO) » PCPLC5¢ 109 

    

INTEGHH %s Je TV>DACIOD s EX C10).ASC1045) CLI CLO) s 0601024 ALT C10) 6 SCoMP 
CrCH.C5Ie FP ANC) SPAS HT SNUG SPA» ADECC10) 
DePONHC1OI s LEEK C10). UDF HUD 

  

    

PSEN, PLOY» REO, ALT, CHL.» ORK» Tis 
Uk» CM CUP, COD 

  

2 AS» PB. 
CoTHIeATHISEN 

  

COMMENT 1115 SUBROUTINE INPUTS DATA FOR A PARTICULAR ORDER 

c 

WEITHCAs 60) 
60 FO<ATCLOX, "PROD NOt) 

READCLs 109% 
PRITECRS 61) 

        

61 FORMATC10X, "CUR PREF LIST") 
RRADC1, 109 (CPLCI), I=145) 

10 FORMATC10I0) 
WRITEC2, 62) 

62 FORMATCLOX, *OTY"? 
READC1,3090 
VRITEC2, 63) 

63 FORMAT(10X, ‘CUT OFF DEL") 
READC1,309COD 
WRITECA, 64) 

64 FORMATCL0Xs*CUT OFF PRICE*) 
READ(1430) COP. 
WRITEC2, 65) 

€5 FORNATC10%, ‘OT PRICES") 
RFADC1,30)COUP CI, T=14TW) 
WRITRC2s 66) 

66 FORMATC10%» ‘OT DELS") 
READC1, 302 COUDCT)s Tel, TW? 
LRITEC2s 67) 

67 FORMATC10X, "SENS ") 
READ(1,302(SENCI)s 1145) 

30 FORMATCLOFO+0) 
RETURN 
END 
SUBROUTINE GENPRI 
REAL O4PNC10)sFXPC102,CUPC10)2EXDC10)/0UNC109,TRDC102sCOP —_» COD 

A 4 DMsPMsINTMs INTC3s 10) BEST aSENC5)»PRFS(€10)s TPs SPI sPCOs PLP» 
BNPL(5)4PUC5)+LPS,SCPXsCPXC10TSPs SPCS)» TSF» SFC10)/ORDC109 
CoMFP ATR (1045) sADFPs PSFNC10)sPLOY(1024RFOC10)sPCPLCS+109 
INTEGER Xs Js TUsDACLO) » EXC10)2ASC10s5)sCLIC10)+0GC10)sALIC10) »JCoMP 

CsCPLCS),FP+R(S)sPRSsRTsNUMSSPA — s ADEOC109 
D,PCUP (10), ORRKC10)»ORDPROD 
COMMON O4PRFS,PCOP.PCPL» CPX, PSENs PLOY» RFQs ALI» CPL, ORBK» TVs FX. AS, PB 

CoTRDSATR»SFN 4X%,0UP,0UDs COP, COD 
THIS SUNROUTINE PRINTS THE INPUT ORTAINED BY GENINP 

WRITEC2,50)TW 
50 FORMAT(/+10X,19HNO» OF SUPPLIERS = +12) 
WRITECA, 519 CFXC1D, T= 1510) 

S1 FORMAT(/,10%,24HFXPERIENCE OF SUPPLIERS »10¢4X,11)) 
WRITEC2,52)CORRKCT),1=110) 

52 FORMATC/,10X,24HSTATE UF THEIR ORDER BKSs10¢4X11)) 
PO 53 J=1,5 

S32 URITEC2s SA) de CASCL > J)o T= 1210) 
54 FORMAT(/,10X.22HARILITY TO SUPPLY PROD» 1X.11,10€4Xs11)) 

WRITRCAs 559¢(PRCL) 121410) 
59 FORMATC/,10Xs191PREPARED TO BUY IND, 10¢1XsF7+4)) 

ERITEC2, 569CTROCIDs Tete 10) a 
56 FORMAT(/,10X,19HOUOTED TO EST DEL »10€1XsF7+4)) 
WRITEC2s 57 CATRETS 9) Te 1s 10) 

   

            

S7 FORMAT(/, 10% 19HLUYALTY INDEX P1OCIXS F706)? 
WRITEC2s 5K) CATRETs ADs 21 410) 

S8 FORMAT(/,10%s19HOUALITY INDEX 2 10C1XsF764)) 

  

WRIT EC2s 59) CATRCTs 599 T=1410) 
59 FORMAT(/,10X,19HPRESSURE FROM B'S Col0¢1XsF7+4)) 

  

RETURN 
END 
SUBROUTINE ORDIPR 
REAL OPNC1N),EXPC10),OUPC109,EXDC10),.0UD(10)4TRDC10)sCOP »coD 

Ao DMePMSINTMsINTCS, 10) sREST 2SFNC5)»PRFSC10),TPs SPL» PCOsPLPs 
NPL (5), UC5) +LPSs SCPXs CPXC1094 TSP» SP(5)4 TSF, SF(10)sORDC10) 
CoM FP,ATRO105),ADFPs PSFNC10)4PLOYC102,RFOC10)sPCPL C5» 109 
INTEGFR Xo ls TUsDACLOIs FECL0) AS10959 4 CLIC10)40GC109sALIC10)2dCoMP 

CrCPL(5)sFPsRCS)4PRS+RT»NUKS SPA — s ADEOC10) 
D»PCOPC1N) .URPEC10),0RPPROD. . 
CUIMMON Q,PRFS,PCUP, PCPL.» CPX, PSEN, PLUY» REO, ALI» CPL» ORBKs Ths EX» AS» PB 

GsTRDZATRASEN 2X, 0UP, CU, CUP, COD 
THIS SURRDUTINE PRINTS THE INPUT ONTAINED AY ORDINP 

URITECAS GOK 
60 FORNATC/,10N2A9NTHIS URDER TS FOR PRODUCT NUMBER 411) 

WRITECAs 61 CCHLCT) 2 T2145) 
61 FORMATC/,10X,27HCUSTOMER PRIORITIES? PRICKs +11, 10H DELIVERY, 11s 

CIOM LOYALTY, +11,10H QUALITYs+11,30H BUYER'S CUSTOMER'S PRESSURE, 
Dos thd 
WRITROR 6290 

62 FORMAT (7.10%, 19HOUANTITY ORDERED = 4F1065,2HKG) 
bRITEOD, 62d 

62 FONMATC/) 1 OX S2KHNAXIMUM POSSIMLE DELIVERY © 4 F1065s6H WEEKS? 
VAET ECDs GAD CIE 

6A FORNATC/ LUXS APHIIGHEST PRICK BOYER WILD PAY = oF19659 
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Table A,8 (continued) 

66 

67 

VHITRCA.659COUPCI) > T= to 1 0) 
FORMATC/.10%,19HOUNTED PRICES €£2 4 10C1XsF762)) 
WRITE 66) CONNECT) s TEL s 109 
FOAMATCS 910%, 19NQUOTES DELIVERIES 4 10€1X+F722)) 

    

URITRC2,679CS ENC) T2165) 
FUKMAT (7.10% +25HDECISION SENSUTIVITIFS ¢ »5€3X+F9.4)) 
RETURN 
END 
FINISH



137, 

APPENDIX B 

SOME _ ASPECTS OF SUPPLIER BEHAVIOUR 

B.1 Exploratory Review of IMI's Accounting System 137 

B.2 A Literature Review on the Determination of 139 
Cost Behaviour 

B.3 Prediction and Monitoring of Divisional Financial 
Results 

B.3.1 Forecasting 144 

B.3.2 Maintenance of System 145 

B.3e3 Discussion 146 

B.3.4 Conclusions 150 

B.1_ Exploratory Review of IMI's Accounting System 

This section briefly reviews the work carried out to 

gain familiarity with IMI's accountancy systems. 

As part of a somewhat wide appraisal of the costs of 

technical constraints on production processes, the man- 

ufacture of titanium billet was investigated. This 

investigation was carried out jointly with a member of 

the Technical Department, and aimed to find the implicat- 

ions of reducing the surface quality of the billet by 

reducing the number of machining operations. The wide- 

ranging financial consequences of the possible changes 

were computed, These included changes in production cost, 

scrap production, working capital, machinery purchase and 

pricing policies, 

Recommendations were made to the Divisional management 

as a result, and action was later taken. This in turn
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Led to other work in the Division on a similar product. 

A somewhat similar investigation was commenced by the 

author into the machining of ingots. The approach was 

not, however, capable of generalisation into a financial 

model of the Division 

for two reasons. The analyses depend on data which is not, 

in general, available for all products, and the cost data is 

based on accounting assumptions which would not be valid when 

large-scale production mix changes are considered (e.g. scrap 

production). If these two problems could be solved, then the 

approach would be capable of generalisation. However, it is felt 

that the approach adopted in Chapter 5 represents a more effective 

allocation of research effort. 

A thorough review of the Divisional Financial system was 

carried out. This in turn led to a critique of the 

system's operation from the management control point of 

view. Proposais were formulated to model the system 

mathematically, as a set of equations. This would regard 

any intermediate or final product as being defineable by 

a vector of properties. At each production centre, this 

vector would be multiplied by a matrix representing the 

"transfer function" to give a vector representing the 

output product. While this approach seemed reasonable 

theoretically, its data requirements were so large as to 

preclude its use, even in a very simple situation. 

Some work was carried out on the procedure for valuation 

of titanium machine swarf. It was concluded that the method 

in current use was misleading, An internal report was 

issued setting out the conclusions and reasons.
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B.2 A Literature Review _on the Determination of 
Cost Behaviour 

Much work in accounting depends critically on a know- 

ledge of cost behaviour (Sizer (1969)). It is surpris- 

ing, therefore, that few practical studies appear in the 

literature to indicate how cost behaviour can be determined. 

Sizer (1966), in a review of methods of determination of 

cost behaviour suggests six approaches which might be 

used: accounts classification, the knowledgable estimate 

method, the high-low points method, scatter charts, 

least squares regression, and the use of engineering 

estimates, 

The accounts classification method involves the examination 

of each cost from a logical standpoint, and its classificat- 

ion into the fixed (i.e. negligible variable cost rate), 

variable (insignificant fixed cost) or semi-variable 

category. Further work is necessary to establish the 

elements of semi-variable costs. This approach seems to 

be the most widely accepted (Ray, Smith and Donaldson (1968) ) 

in industry, but short cuts in the procedure are not 

unknown”. This method is open to criticism on the grounds 

  

In practice (Ray, Smith and Donaldson (1968)), it is usual 
for accountants to assume that costs tend to vary linearly 
with changes in output: 

Cc = F + wW 

Where C represents the total cost, F the fixed element of 
that cost, W the work output, and v the variable cost rate. 

These generally take the form of rigid cost classification 
systems often laid down in the head office of a company or 
group.
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of its basis on opinion, and not fact. 

The knowledgable estimate method is another practical approach 

to the problem, It involves seeking the opinions of 

appropriate staff as to the expected costs at high and low 

levels of activity. The linear cost behaviour assumption 

is then applied to interpolate between these activities, 

Sizer (1969) questions the accuracy of this method. Ee: 

is however, very similar to the normal budget-setting 

process (Ray, Smith and Donaldson (1968) ) in industry. 

It is open to similar criticism as the previous approach, 

since it relies on opinions, and not measurable data. 

industrial engineering estimates are produced usually for 

new items of equipment, or changed circumstances, and repre- 

sent in cost terms the theoretical, or logically expected 

requirements of manpower and materials, As they are 

normally used where no experience exists, the only alternat- 

ive method of cost determination is to use accounts clas- 

sification, which is likely to be less detailed and more 

error-prone. 

The high-low points method of estimating cost behaviour is 

one of three methods relying on historical data. Actual 

costs at two extremes of activity are noted, and the fixed/ 

variable relationship determined using this information only. 

The scatter chart method relies on a plot of the cost against 

activity for a number of periods. A line of "best" fit is 

drawn in by eye for these points.
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The least squares regression method involves the use of 

a statistical procedure to estimate the line of best fit 

through the data. The relationship can be assumed to 

be with just one measure of activity (simple regression) 

or with several (multiple regression) and of a linear 

form (linear regression) or a more complex form (poly- 

nominal regression). 

A number of studies of cost behaviour using regression 

techniques have appeared in the literature, and a useful 

survey is made by Johnston (1960). The studies largely 

confine themselves to overall cost data which has been 

published, in an attempt to identify the production function 

of economics. At this aggregate level of cost behaviour 

the studies tended to show that the accounting assumption 

of a linear cost/output relationship is generally reasonable, 

Relatively few studies have been published concerning the 

costs of individual plants or production centres, but see 

for example Benston (1966), Chiu and De Coster (1966) and 

Lyle (1944). 

There are a significant number of studies of the use of 

regression analysis in related fields (e.g. Coen, Gomme and 

Kendall (1969) and Johnson (1972)) which contain useful
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descriptions of the experimental procedures involved. 

A comparison of the various methods for establishing cost 

behaviour is difficult as there are no proven techniques 

for measuring their accuracy. It seems to the present 

writer that, of the three methods, high-low, scatter chart, 

and least squares, which utilise historical data, least 

squares is by far the most useful, The high-low method 

loses much richness by discarding information from the 

data, Least squares regression is an objective, unbiassed 

technique for using all the data to obtain parameters for 

the proposed model, 

Sizer (1969) shows how these approaches work in practice on a 

sample set of data. The data is shown in table B.1. He finds 

the high-low method gives a relationship of cost (£C) to activity 

(H,direct labour hours) of: 

C = 287 + .00409H 

Similarly, the scatter chart method gives: 

C = 280 + .00414H, 

and the least squares regression approach, 

C = 415 + .00221H 

The data here has low correlation (r = 0.5), and so the three lines 

are spread out. As the correlation increases (i.e. r > +1), the 

lines will tend to become closer together. It is only by using the 

least squares approach that different cases can be compared objectively, 

It has been argued that the scatter diagram technique is 

useful in that extreme or spurious points can be ignored 

in drawing a line. One criticism levelled at the use of 

regression analysis is that "unrepresentative" data can
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Table B.1 DATA USED BY SIZER (1969) FOR 
COMPARING THE THREE METHODS OF 

ARIZING HISTORICAL COST 

  

    

  

  

        

Activity Cost 

Direct Labour 
Hours £ 

68 640 

60 620 

68 620 

78 590 

84 500 

64 530 

52 500 

52 500 

62 530 

70 550 

86 580 

96 680 

significantly alter the regression coefficients. However, 

usually if adequate data is available.to label a point 

as unrepresentative, then the point is as representative 

as any other single point, but such behaviour has low 

probability. 

It is argued (in Sizer (1966) and the discussion on Coen, 

Gomme and Kendall (1969)) that before using the technique 

of regression analysis to estimate relationships, a strong 

expectation of causality should exist. Sizer (1969) makes 

  

a strong case for the use of a test of
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determine whether, statistically, it is reasonable to 

fit the data by the relationship selected. Statistical 

methodology is available to compare the assumption that 

various degrees of polynominal fit the data (see for 

example Chatfield (1970)), and also for comparing co- 

efficients of regression for differing numbers of observat- 

ions and complexities of cost functions (see Huang (1970)). 

Johnston (1960) in some empirical studies on various 

industries, shows their use in practice. The use of 

these techniques is also mentioned in Coen, Gomme and 

Kendall (1969). 

The use of statistical t and F tests on cost data seems 

to be irrelevant in the comparison of regression to other 

ways of meausring cost behaviour. The use of simple 

regression analysis seems to the present author to play 

a useful part in the process, as any reasonable judgment 

used in one of the other methods, accounts classification, 

knowledgableestimate or engineering estimate, must surely 

be based on some measurement of reality. Even if the 

statistical tests show insignificant results, it can be 

argued that regression analysis offers the best estimate 

of cost behaviour under the given assumptions. 

It has been argued by Sizer (1969) that since accountants 

will tend to use un-adjusted cost figures for regression 

analysis, this will reduce the use of such studies.
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However, various authors including Johnston (1960), and 

Coen, Gomme and Kendall (1969), have suggested different 

methods of adjusting the figures, so this criticism can 

hardly be regarded as fundamental. The use of multiple 

regression techniques for cost behaviour measurement when 

the costs depend on various factors has not received a 

great deal of attention but see for instance Johnston (1960), 

and Benston (1966). This is an area where regression 

seems to have a clear advantage over the other ways of 

establishing cost behaviour, since the other techniques 

are less adequate with more than one explanatory variable. 

Chiu and De Coster (1966) suggest the use of multiple 

regression for the determination of joint product costs. 

B.3 Prediction and Monitoring of Divisional Financial 

Results 

B.e3.1 Forecasting 

The work on a cost model for use in the market 

simulation led to the development of a system for fore- 

casting Divisional financial results. The system was 

developed for use by the Accountancy Department, who pro- 

vided the necessary data. 

Equations of the form:- 

HE acre # m,W, + mW, + mW, + mW) 

were proposed to describe each of a number of cost and 

revenue headings! In the equation, H represents the value 

  

U These headings corresponded to those found on current 

Accountancy Department reports, and so were familiar to 

the accountants and managers.
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(corrected for inflation) of the cost or revenue heading, 

and the Ws, the sales weights of each of the four product 

groups, during the quarter concerned. A series of 

historical values of the Hs and Ws were obtained, and 

used to estimate the values of f and the ms for each 

heading, by multiple least squares regression. 

These equations are used to predict financial results. 

The forecast of sales weights in each product group is 

used to calculate the expected value of each cost or 

revenue heading. 

A computer program has been written which operates from 

a remote access terminal. On input of the sales forecast, 

a tabulated financial results statement is produced. 

Be Maintenance of System 

  

It is important that all the equations used are kept 

up to date, and effectively characterise each cost or 

revenue heading. The maintenance routine described below 

uses newly available data to regularly monitor and control 

the relationships calculated. As a secondary use, the 

system acts as a means of highlighting costs which behave 

contrary to expectation. 

When the regression calculations are carried out!, a control 

limit is calculated for each cost or revenue heading. 

  

i These are performed on a computer regression program, 
which also calculates the control limit.
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The limit is a single absolute value, for each heading. 

At the end of each quarter, a fresh set of data becomes 

available, of sales weights, costs and revenue, The 

actual sales weights are used with the equations, to 

estimate the value of each cost or revenue heading. 

The value obtained for each is compared with the true 

value, Where the difference between these two is less 

than the control limit, the equation is retained for 

further use. Otherwise, there is evidence that the 

regression relationship has ceased to characterise the cost 

or revenue heading adequately. The heading is investigated 

to determine the reason for the discrepancy, and the 

regression will usually be recomputed, using the latest 

available data. The investigation may, however, indicate 

a reason for retaining the previous equation (such as an 

exceptional cost item). 

The control scheme uses all the available data to keep 

the relationships meaningful. It also performs an except- 

ion reporting function by indicating unexpected cost (or 

revenue) behaviour, 

B.3.3. Discussion 

Although the use of regression for cost prediction 

has been described in the literature, little has been 

written on its use in control situations. Comiskey (1966)
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puts forward a regression model of operating costs in 

consumer finance offices. He suggests that cost control 

can be achieved by using the model for exception reporting. 

Where actual costs are significantly different from those 

expected, action is taken. There is, however, no sug- 

gestion of what constitutes "significance" in this context. 

Jensen (1967) generalises from this work to a model for 

use in cost control, He equates significance with the con-= 

cept of statistical confidence limits. However, he offers 

no practical help in applying tests of significance. 

Mansfield and Wien (1958) describe a detailed study of 

costs in railway sidings. A model of cost behaviour is 

fitted using multiple regression. As each fresh set of 

data becomes available, the expected cost is compared 

with the actual cost. The differences between them are 

plotted on a control chart, which is used to detect changes 

in cost behaviour, The regression relationships are 

recomputed at regular intervals. 

None of these studies takes account of the fact that an 

estimate from a regression relationship will, in general, 

not be precisely the true population value. Discrepancies 

of actual from expected costs will be attributable to two 

causes: the difference between the population mean cost 

(with the given values of the predictors), and the expected 

(using the regression equation) cost, and the difference 

between the population mean and the actual sample value.
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Mansficid and Wien (1958) assume the regression relation 

is identical to the population behaviour, They there- 

fore only deal with differences of the second kind. 

It is reasonable to characterise the population of these 

differences as being normally distributed, with constant 

variance, and zero mean, Thus a control chart with 

constant confidence limits is meaningful for monitoring 

costs in this restricted situation. 

However, since the regression relation is most unusually 

identical to that describing the population, there will 

be a difference between expected and population mean values 

of cost, as noted above. The variance of this difference 

will vary according to the value of each predictor: 

it will be at a minimum at the mean of each predictor and 

increase as each predictor moves away. 

When the effects of both of these differences are combined, 

the difference between expected and actual cost will depend 

on the value of the predictors: its minimum will be at 

their means and it will increase as each moves away. 

Thus confidence intervals on cost predictions will be 

narrowest at the predictor means, and slowly diverge. 

The precise calculation of the variance (and hence confidence 

limits) is a difficult and time consuming process.
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The control scheme designed for the Accountancy Depart- 

ment is aimed at keeping the regression relationships 

under "control", In this approach it is different from 

the work described. The intention is to operate the 

control process with a reasonably small amount of effort 

and cost involved in recomputing regression relationships, 

and storing data on the computer. 

The control limit is calculated for each cost heading as 

identical to half of the 95% confidence interval’ when 

each sales weight is at its mean (of those values used in 

the regression calculations). The control limit will 

represent degrees of confidence successively less than 

95% as each sales weight moves progressively away from its 

mean. This makes the process more sensitive as one moves 

away from the central area of experience. 

Although it has not yet been attempted it will at some 

stage be useful to examine in quantitative terms the sensit- 

ivity of the process. It may be possible to adapt a control 

  

The 95% confidence interval is a band on either side of 
the estimated cost. A cost can fall outside the inter- 
val for two reasons: the regression no longer character- 
ises the process, or it still holds, but unidentified 
influences cause the cost to lie outside. These influen- 
ces will cause the cost to fall outside the 95% interval 
with a probability of .05. One is therefore confident 

that the equation no longer characterises the process 

when a cost falls outside this band. 

i.e. the limit is more likely to be exceeded, both by 
chance and relatively smaller differences between 
expected and actual costs.
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chart’ to enable information to be obtained by sequential 

plotting of differences between actual and expected costs. 

B.3.4 Conclusions 

The approach had a number of useful practical features. 

It is simple to operate. The control limits are easily 

obtained when the computer program is carrying out the 

regression calculations and the test for significance only 

involves subtraction. The process becomes more sensitive 

as one moves away from ones area of experience - a valuable 

characteristic. Since the procedure is under manual 

control, exceptional cost items can be taken account of 

(and confidence in the system is enhanced). The system 

is most economical on computer storage and calculation, 

A useful facet of the system is its "exception reporting" 

of exceptional costs. 

  

Statistical control charts normally have fixed limits 
for action, which are calculated from the (constant ) 
variance of the controlled variable,
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C.1 A Survey of the Titanium Industry 

C.1.1 Titanium's Physical Properties 

Titanium is a reactive metal with a particularly 

strong affinity for oxygen. It is found naturally, 

mainly in the ores rutile and ilmenite. A complex, and 

expensive process is used to extract the metal from these 

two major ores. 

On exposure to an environment containing oxygen, metallic 

titanium normally forms a tenacious surface layer of oxide.
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This film affords the metal excellent corrosion resistance 

in many aggresive media, 

Titanium alloys have good strength to weight ratios com- 

pared with many other metals (see table C.1 for some 

examples). 

Table C.1 STRENGTH TO WEIGHT RATIOS OF SOME 
SELECTED MATERTALS 

  

  

    

Material Maximum yield strength ksi 
Density 1b/in>| 

Boron reinforced epoxy 4300 
plastics 

Titanium alloy A 1400 

Titanium alloy B 1000 

Maraging steel 1000 

Aluminium alloy 900 

Magnesium alloy 700 

Nickel base alloy 580 

Stainless steel 500 

  

Source: von Matern and Weil (1967) 

These two properties lead to the metals' main uses - in 

corrosive media and for structural applications where 

weight savings are valuable, 
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C.1.2 The Titanium Industry 

An outline of the industry structure forms figure C.1. 

Estimates of the flow of titanium between the various 

areas are given', along with the prices for the titanium 

content. 

Currently the only viable titanium-bearing ores are 

ilmenite (about 30% titanium) and rutile, which contains 

about 55% titanium. The larger part of the ores is used 

in the production of titanium dioxide, a chemical widely 

used for pigments. A smaller proportion of the ore is 

used in the manufacture of titanium sponge. 

After extraction from the ore, the metal is quite pure, 

and in the form of granules. These are the principal 

raw materials for ingot production, along with process 

scrap from machining operations, and alloying constituents, 

Ingot production is followed by a series of metal-working 

operations to produce the mill or final products, of the 

manufacturers. The products are sold largely into the 

aerospace industry, which uses titanium principally on 

account of its good strength to weight ratio. 

The manufacture of ferrotitanium (alloys of iron and titanium 

with from 20% to 70% titanium) interacts with the titanium 

  

1 
Obtained largely from von Matern and Weil (1967) and 
Roskill (1971).
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Figure C.1 
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metal production, Titanium is obtained both from ore 

and process scrap for the production of ferrotitanium. 

The major use for ferrotitanium is as an additive for 

special steels, and it competes with solid titanium scrap 

which can also be used. 

Many of the companies operating in the industry are 

vertically integrated. Much of the ore production is con- 

tolled by pigment manufacturers, and other companies span 

the metal production part of the industry. Several of 

the large metal producers have extensive interests in 

steel, which gives a link with ferrotitanium, otherwise 

the most independent segment (vertically) of the industry. 

C.1.3_ Customers for Titanium 

The aerospace industry is the largest customer for 

titanium. This industry is dominated by a small number 

of firms (prime contractors) who control a large number of 

sub-contractors for each project. The largest amounts of 

titanium are incorporated into the more recent airframe 

and aeroengine projects, which makes titanium manufacturers 

heavily dependent on the few large projects they supply. 

Non-aerospace users of titanium come from various industries: 

process plant manufacturers, electricity generation, metal 

refining and some others. There are many independent 

a 
firms in this area, in contrast to the aerospace industry. 

1, 
  

The various forecasting approaches tried in the different 
parts of titanium user industries are described in Appendix A.2
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C.2 The Literature on Models which show the Production 
Marketing Interaction 

C.2.1 Introduction 

Various approaches have been used to examine the 

interaction between production and market behaviour. 

These may be classified in a variety of ways, but perhaps 

the most useful are between analytical and simulation, 

and between descriptive and optimising. 

One major feature of the literature is that almost all 

of the models which consider market and production inter- 

action, concentrate on one aspect, and treat the other 

with noticeably less detail. This is particularly so 

in Cyert, March, Cohen and Soelberg (1963), where output 

and pricing decisions are treated in much more detail than 

market behaviour, and Pifer (1969) who models the product- 

ion unit in a fairly cursory fashion. In the following 

sections, important models are classified according to 

the schema indicated above, 

C.2.2 Analytical Descriptive Models 

In this category come models which treat the market/ 

production interaction in terms of mathematical equations, 

but do not attempt to optimise any performance measures, 

These models differ from simulations operationally in the 

fact that they are not designed to be stepped through time,
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Harris (1966) considers the hypothetical case of a 

company making the decision whether to buy another company, 

to obtain its market share, The problem is formulated 

using statistical distributions for the expected market 

share and revenue, The solution gives the appropriate 

decision to take in the somewhat simplified circumstances 

modelled, In general, Harris regards an interdependent 

decision as one where the outcome probability distribution 

is not based solely on the outcome of the current decision, 

Clearly this is a very restrictive view of independence, 

Allen (1966) uses a set of differential equations to model 

market behaviour over time. He models the market behaviour 

in terms of sales achieved, and makes no provision for 

production being "out of phase" with sales: 

"The results of this analysis are based upon selected 

situations which may not necessarily represent a real 

situation." 

His cost model (the only aspect of production modelled) 

is merely that of a constant cost per time period plus a 

constant proportion of the market share, 

Dutrow (1971) in an economic study of the Louisiana cotton- 

wood market presents equations which give predicted price 

levels in terms of previous price levels, stocks, wages 

and profits in the lumber industry. He extends the 

traditional price equation of economics to apply to the 

case of disequilibrium.
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3 imulation Models 

Simulation models trace the path of the system being 

modelled through time, and let each state of the system 

be determined by the previous state, There are, however, 

various approaches to simulation, 

Industrial Dynamics is one such approach. The models 

in this field are built up from a series of first order 

difference equations. Forrester (1961) gives an example 

of a generalised production/marketing system for a complete 

industry. This is a model which treats the production 

sector in some considerable detail, and uses a slightly 

less complex model for market behaviour, In another 

study, Forrester (1965) concentrates on communications 

between suppliers and customers in a hypothetical market. 

Ballmer (1960) shows an Industrial Dynamics model of the 

primary copper industry (from mine to customer). This 

treats customer and production sectors in similar detail. 

Although this model treats each sector in an aggregate 

form, it exhibits much of the behaviour of the real system. 

Swanson (1969) describes a simple production/market model 

in the gas transmission industry. 

Walker (1967) has made a study of a hypothetical firm. 

He has developed a total firm simulation where the market 

is modelled in a fairly simple way. The study is partic- 

ularly interesting in that it optimises the behaviour of
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the firm (using a hill-climbing technique) to find maximum 

profits. Cyert, March, Cohen and Soelberg (1963) offer 

a production/marketing system model which is largely 

normative, but relies on the system structure for much 

of its behaviour (the same is indicated for Industrial 

Dynamics models). Bonini (1967) presents a study which 

uses many of Cyert and March's (1963) propositions. This 

study treats decisions in a great deal of detail, but is 

similarly based on reasonable assumptions, rather than 

empirical observations. The marketing area receives less 

detailed treatment than do the other sectors. Pifer (1969) 

describes a study which differs in emphasis, i.e. the 

production sector of his model is less complex than his 

market. The same is true in a study by Kotler (1970), 

where cost is the only production variable modelled. 

A simulation is presented by Schussel (1967) which is 

strongly based on empirical evidence, He modelled the 

behaviour of Polaroid film retailers by observing their 

actions and asking them questions on their rules for decision- 

making. The "production model" in this case - the order- 

ing and stock line decisions - was modelled by Schussel's 

detailed heuristics. The market was treated in rather 

less detail - largely by using Polaroid executives! sub- 

jective forecasts.
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There are thus many simulation models which show some 

interaction between production and marketing areas. 

Each has its own particular emphasis. Kotler's (1970) 

is unusual in that it describes the implementation as 

well as the model-building approach. 

C.2.4 Optimising Models 

This section examines those models which describe 

production/market systems with a view to optimising some 

a 
variables within the system with respect tofgiven object- 

ive function. 

Walker (1967) is the only study which was referred to with 

the simulation literature. The other models, to be 

mentioned here, consist largely of sets of analytical con- 

straint formulations. The maximum of the objective function 

is obtained by a mathematical programming technique. 

It is now almost "standard practice" to use a linear pro- 

gramming model with constraints to represent sales and 

capacity limitations, Such a model is described, as part 

of a paper by Tuckett (1969). This model is applied in 

a real situation, Questions of varying the constraints 

are treated by Godfrey, Spivey and Stillwagon (1968) who 

model the market in a more detailed fashion than production. 

This study relies on a hypothetical case for its exposition, 

however, A rather more complex market sector is defined
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by Thomas (1971) who includes the effect of advertising 

and pricing on demand, The production area is modelled 

in a similar degree of detail, to include effects of 

set-up costs and changing work force, 

Belden (1971) has carried out a wide-ranging linear pro- 

gramming study, on a fairly self-contained system: the 

producing and marketing of turkeys. _ The project went 

into considerable detail with both the production and 

selling in that industry. 

Linear programming is not the only optimisation technique 

which has been used to examine a market/production system. 

Thomas (1970) gives an algorithm for jointly selecting 

prices and production set up times. Baron (1972) examines 

the effect of centralisation on optimal decisions ina 

production/marketing system. 

Tuite (1968) looks at the interaction of seasonal demand 

with production, concentrating on production-based factors 

such as production scheduling, inventory and labour costs, 

C.2.5_ Discussion 

The published work in the area of combined market/ 

production models suggests several conclusions. Most work 

is done from the viewpoint of either a market or a pro- 

duction model, A simple production model is added to the



162 

market model so that the study of the market model is more 

meaningful, or a market model appended to the production 

model for the same purpose. The major interest of the 

work cited has (with the exception of the Industrial 

Dynamics models) been in the behaviour of one or other 

sector of the model, Most of the studies are not heavily 

involved in examining the interaction between sectors. 

Analytical models seem limited in their applicability to 

simple well structured situations. Even the complex 

mathematical programming models have basically a simple 

structure. Simulation methods appear the accepted approach 

to modelling areas with a complicated structure, However, 

the methods for understanding the behaviour of simulation 

models are as yet rather underdeveloped. Only one 

situation has been noted where a simulation model has been 

"optimised", 

C.3_ The Market Simulation Model 

The model has been described in Chapter 7, in reasonably 

detailed terms. It has been written as a computer program, 

in FORTRAN IV, Since the program listing serves to define 

the model explicitly, the program is given, as table C.2. 

The following sections describe the structure and proces- 

sing within the program.
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Table €,2 THE MARKET SIMULATION PROGRAM 
  

  

TIA ie 
Hrvnisene itty 
CORO TSG HE ANT LOGIT EAL 
ComeV ACT DATA 
MIXED SkOeENTS 
INPUT LecHa 
INPUT 3=TRO 
INPUT SCHL 
OUTPUT peLPo 
OUTPUT 6eLPL 
TRACE 0 
END 

MASTER TINKT 
C NEK LEAD TIME AND LOYALTY ROUTINES 
© TAKES SEVRIAL SETS OF DATA 

INTEGER TMAX +0 
COMMON 72. /TM AX STEAK 

c WRITEC6s77779 
TTTT FORMAT CISX 4 *TIMKT*) 

70 CALL INIT 
CALL INPUT 
Kel 

60 CALL TITLELO 
CALL ORDFF 
CALL MANUF 
CALL UPDATE. 
CALL OUTPUT 
CALL FINREP 
IF CK/126E0+K/126 CALL CAPFX 
IF(K/12+FN.K/12. CALI. PRUP 
1k CK/34F0«K794 CALL PRDOVN 
Keke 
IF(KeLT«TMAX+1) GO TO 60 
GO TO 70 
STOP 
END 

    

SUBROUTINE INIT ‘ 
REAL ORDFRSZ (10419094 DFKGSC5+10922PRC10s1009 
INTEGFR Jo1.€1094URPPRC10+1909,0RDSC109,ORDCUC 10,1004 

© ORDTAC10,100>,0DC104100) 41.7010) 
COMMON /1L.7L/0/0RDERSZ, ONDPR, ORDS/AU/ DEKGS/EP/KPR/R/OY DCU. 

© /O/0RDTAZRA/ODALT ALT 
c KRITEC6, 129) 

129 FORMATCISX » 
DO 120 J=1,10 
ORDS(W=0 
LTC W=0 
DO 121 ¥e1,100 
ORDERSZ (Us K)=06 
KPRC Jp KD = 06 
ORDTAC J K)=0 

121 ONC KI=0 
DO 122 Ke1.5 

122 DEKGS(Ks J)=0+ 
120 Leved 

RETURN 
END 

  

INIT*) 

SUBROUTINE INPUT 
INTEGFR TWsIT,AS(1055)4CPL.5) 

© sls UKs REPFREOLLC10) sPRNSKN 
REAL CTRDC5, 19), CAPC10),ATHC102 55)» SFNC5S)+PFRC10) NPCS» 5) 

© oVCC1M4 59s NCL C1094 WCOC1N) + FRM C341067) + FXPTC 102» PPICEC 1045) 
€ sRSNO.RSDD,RSNPsP(5) +RENCP» FCI C10) +MEANC 1045.5) sMINDCS, 5) 
C,DC10) 
COMMON/F/TW/E/ATR» CPL» SEN/Z/IT/A/CTRD/N/MEAN MIND» NP/U/AS 

C/P/CAP /FR FRM» kCls VCR /EP /D/RE/KEPFREQ/UC/VC/EXT/EXPT 

  

     

  

C /SD/RENOsRSDDs PSDP /PCP/P/SUP/RSDOP/CF/CAPFREO 
C /PER/PER/L/LL. /ERN/PRN,MN/PRI/PRICE/FCI/ECI/TA/SMF 

c WRITEC46s 7779 
777 FORMAT CLS. *INPUT*) 

READCLs100)T Ws ITs PRNOMN 
190 FORMATCLOT OD 

DU 202 JalsMN 
202 HEANC1, 101) (CTRDC J+). K= 1s Th? 

DO 202 JeLeN 
203 RFADCLs 101) CATHCKs 3d) oFE 1s THD 

VRITECP, ANN) 
420 FIEMATCS¥, (MARKET PERCEPTION OF SUPPLIER QUALITY") 
WRITEC2, 3929 (LLC ade be THD, 
MHITECPs 3099 
DO 421 daLeVN 
READCLs LOLI CATH Ks Ai dd FEL TOD 

APL URITEC%, ADA) Ip CATH a Ma DD oe 1 THD 
DN POA tet eet 

ROA READCL S101) CATH CKs Sed) KEL TED 
TYSC1T#1 19719 
DU AN6 Te Lely 
WN PNG Teds IN 

POG WEANCLs LOL) CMEANC La de Ks Fe 1 eYND 
mya 

READ CLs LL) CAT ND add ods La MND 
MAPA Ke LaD en 

    

Dee RN   

3 3 
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VYable 6,2 (continued) 
TEA WA AVE De LOT CIE edo dhe Lo 8) 

    

EON LOD CCAP EDs 
DH HG ede T 

PUT RADIOL LONI CAS CS) oF = Le PEND, 
LOL RUSMAT CLORO. 0) 

VHITEC Hs AON) TRAIT 
ANN FUILCAT CX, (NO MIF SUPPLIERS = ¢ 

VeITRCM 220 NNO PRN 
FOMMAT C765: UF MAREFT SEGMENTS = ¢,11,°NO OF PHODNCTS = t411y 
VITRCRS3M19 

B01 FUL ATCA 75% .°¥ERKS ADDED TO DELY QUNTE: 
WRIT EC 2s 3029 C1100) ode De MND 
WRITEC?, 3099 

ROP FOIMAT COX, *CHSTIMER's 5% SCT 14 11X99 
DO 909 JeleTW 

ANA VHITEC2s 304) Je CCTRNCL dds T= 1 MND 
B04 FURMATCAX, 125 10€6Xs F639) 

WHITHER, 2059 
305 FORMAT CSXs "LOYALTY"? 
WHIT, 302) (LLCS) 6021 oMND 
VRITEC2, 3099 
DO 306 J=l,TW 

B06 VHITHCAs 904A) Je CATR Is Bo Td T= 1eMND 
MHITEC2, 307) 

307 FORMAT(SX. *CUSTOMFR CUSTOWFR PRESSURE*) 
WHITEC2s 302) (LLCO) 9 de 1 sMND 
WRITFCAs 3099 
DO 308 JelsTW 

BOR VRITECAs 304) Jo (ATR Js So do T= 1s MND 
309 FORMAT (PY, *SUPPLIFR*) 

WRITECA, 310) 
DO 312 JY=1s1Y 
VRITEC2s 9229 ¥ 

ap2 FORMATCSXs *YRAR *s12) 
910 FORMAT(SX, ‘MEAN OPDER SIZFS*) 

URITEC2s 302) LLC JEL aN 
VRITEC2s 311) 

311 FORMATC2x, PRODUCT *) 
DO 312 J=1+PRN 

912 WPITECAs 313) Je (MEANC SY, Jo T) 9151 MND 
213 FORMAT (AX +12, 5(6XsF6«1)) 

WRITECR, 314) 
314 FORMATCSX, "MEAN MAX ACCTBL DEL‘) 

MRITEC2s 302) (LLC) 4 de 1 MND 
MRITHC2s 320) 
DO 423 K=1,PRN 

N23 VRITECAs 304) Ks (MINDCKs J) 9 Ja 1 eMND 
WRITEC2s 316) 

16 FORMAT (SX. ‘MEAN MAX ACCTRL PRICE'? 
WRITEC2s 302) (LLCJ) s Je La MND 
VRITRCAs 920) 
DO 425 K=1,PRN 

AQS WRITEC2s BOA Ks (MPH J) 9 J=L MND 
804 FORMAT CA%,12s10¢5XsF7+1)) 

URITRC2, 317) 
917 FORMAT(SXs ‘MONTHLY CAPACITIES*) 

WRITEC2s 309) 
DO 318 J=1,TW 

31B WRITECAs 304) Js CAPC UD 
WRITEC2, 319) 

319 FORMAT(SX, ‘ABILITY TO SUPPLY*) 
WRITECAs 920) (LLCJ) 4 Je 1+PRND 

320 FORMATCAX, *PRODUCT',6X+5¢11,11X9) 
URITECA, 309) 
DO 321 J=1,TW 

3 FORMATCAXs 12. 5C6%2 115%) 
1 WRITEC2, 413) Js (ASC Js 1) 4 T= 1s PRND 
READC1, 1019 CFXPTCI) 4 Jets TH) 
WRITRC2, 600) (FXPTC J) ode 1s TW? 

600 FORMAT(AX, "MAX CAPACITY EXPANSION RATE‘, 10(2X+F4+2)) 
READC1, 1019 CWCAC Is JEL s TH) 
URITFCRs 601) (HCPCS oda Le TWD 
FORWAT(2X.'£ OF WORKING CAPITAL PER TONNE PER MONTH", 10¢2X,F5-0)) 
AEADCL, 1019 CFSMC 14 lo 620 de 1s THD 
URITECA, 602) CFRM Clo de 6) ode 1s THD 

60% FORMATCAM, INITIAL FIXED CAPITAL" » 10¢2XsF8+0)) 
READCL 1019 CDCI). de Le THD 
VRITEC2, 609) (CI ode Ls THD 

602 FORNATCAX, RATE OF ANNUAL DEPRECIATION = 's10¢F262s2x)) 
READC 1, 1902 RFPFREO 
WRITEC2 604) 

604 FORMATCRX, 244FINANCIAL RFPURTS PRODUCED YEARLY > 
IF CAEP FREQ «EO+39G0 TO 605 
BRITECA, 606) 

606 FORMAT CIN+,26X,15H AND QUARTERLY > 
IF CREPFREO«FO+29G0 TO 605, 
MRITECRs 6079 

GOT FORMAT CHS, S13 
608 CUNTINOK 
HEADCL, LOL RSNOSREMNs SNPs RSPOP 
ERITECSs COKNSDO «RSM, RENE» RSDOP. 

60K FURNAT COX PINKATIO OF SD TO MEAN t 4 *MUNTHLY DEMAND 2 *¢F4024 722.9%» 
COM ANIMIN DM.IUFHY 4% h4e2s 7+ PAX, MAXIMUM PRICE 4% P4624 7s 29Xs 
COUNTED PRICES 41, F462) 
VET ECS, ATA) 

ATO FUME ATER. TINITIAL PRICES *) 
VDT EOS PU CLD ede Le PEND 
VETERE A999 
DWT Lede Th 

teak 

Ue 7. 5%o* TIME LMCIT 419. *MONTHS*)     

  

aa 

      

  

  

        

  

    

  

AND MONTHLY") 

  

   

  

     

   



Vable ¢ 

mr 

ai 

610 
609 

611 

613 

492 

c 

165 

2 (continued) 

    

TADCT SAUD CLICE hod ode be bin VET EC HHA CE TCK a Bde dodo FUND WHT kesy wey      
FUE OL C8. VAN TAMLE COST RATES PIC TUNNES) WIT 209 LLC ads MND 
VET REE, ANY) 
VATA LebeTW 
HEAD CLs LDL CVCOs Mode Ls PND 
WITT ECs HNL s CVCC 2 J) 2 Je» PND 
AVAL CLS LOLI CPCI ale 145), 
VHITECA 610) 
VRITEC2s 6999 (PCS). de 145) FOKATCOxs (RELATIVE FKEQUFNCIES FOR SUPPLIER SELECTION 1*) FOMMATCOY, 

QIPRICEs "oF Me2y © DELIUETYs 4 Fe Pe “LOYALTY G* COP, *Fa.2y 
READ) 1019 CSENCI) S515) 
MRITECO. 611) 
FORMAT (PX, *SFLECTION SENSITIVITIES +) VRITFCR 6099 SENG)» J= 195) 
RHITECA, 42H) 
FORMAT CS%s ‘MONTHLY FFRIOD COST/TONNF OF CAPACITY*) WRITE A APTI) 9 JE 1s THD 
FORMAT (2%. *SUPHLIFE 2 5X9 10124 10X99 READCLs 1019 (PFRC) ode Le THD 
VRITEC24?8) (PERCJ)» ded TW) 
FORMAT C11Y 5 10€F8«244X) > 
WRITECA, 429) 
FORWAT(SX» "WORKING CAPITAL/TONNE OF CAPACITY') WRITER 427) (LLC) dels TW) 
REANCLs 1019 CKC1 CJ) 4 Jee TR? 
WRITECRs APH) CUCL CI) de Le THD 
BO 613 J=lsTW 
FOL CI) =FRMC 1+ J6) 
HEADCL, 1019SMF 

  

  

   

  2FA0Ds QUALITY s "DF 462,   

        

  

  

    
WRITEC2, 492) SMF 
FORMAT (10X,*SMOOTHING FACTOR FOR LOYALTY = RETURN 
END 

SUBROUTINE ORDEFC 
REAL © +CODsCOP,MsDEVsD»RSDOsRSDPs RSDP, MEANC 1055.5) #MIND( 505) CoMP 5,5) 
INTEGER Us Ks SAy SR» SCs PRNGMN CONN ON /D/Je K/ BAY FAN. MI NDsMP/G/0» COD» COP/TE/1 T/PRN/PRNMN € /SDAISDO,RSDD.RSDP 
VRITEC6, 777) 

  

777 FORMATC1S%, * ORDEFC*) 

100 

c 
77177 

101 

165 

102 

IsCIT+119712 
DO 100 J=1,PRN 
po 
DEV=RSDO*W FANC Is Js K) 
O=GNSARFEMEANCI, Jy K) DEV) IFCQ+E9+0+9G0 TO 100 
M=MINDCJ,K) *RSDD 
COD=GOSAEF (MINDCJ.K)5M) 
D=MP Cds) *RSDP 
COP=GO5ARF (MPC Usk)» D> 
CALL ORDEFF 
CONTINUE 
RETURN 
END 

    

SUBROUTINE MANUF 
REAL CAP C109, 0RDERSZ€1041009sDEKGS¢5s10)+CAPLE 

© FRE CSs 104794 C1109 + WCAC1OI+KPRC1Os1009,VCC10559 
€ »T3e¢10),T3N¢ 109 
INTEGER Tis ORDPRC10+1009+02NS¢10),ORDCUC10+1002sORDTACIO» 

© 1009.0D¢10,10094L7¢10). PRN MN COMMON ZF /T\\7P /CAP/O/ORDERSZs ORDPR, ORDS/AU/ DEKGS/R/ORDCU © 70 ZORDTA/RA/CD/ER/FRMs WC 1s kC2/KP/KPR/LT/LT/PRN/PRN MN C/vevvesTcn/T3¢,T3D 
WRITEC6, 7777) 
FORMAT (15%, "MANUF! 
DO 100 J=1,TW 
CAPLESCAPCu) 
IF CORDS€) +EO+0) GO TO 110 
DO 102 K=1,0RDSCu) 
IF CORDERSZ (Jo) «GT-CAPLE) GO TO 101 FRM C 1s Jy LE ERM CL ole 1) +ORDERSZ CI KD, FRM € Ly Jy 29S FRM C14 (ly 2) *UHDERSZ (Js K) #KPROJa KD FRM (1a Jp 398 FHM C19 Jp 3) UKDERSZC Js K) *VC Cds ORDPRE Js KD) CAPLFs CAPLE= (2 DERSZ.6Js 1) DEKGSCURDCU Cy Ks J? = DEKGS CORNCUCJ-K) + J) 4ORDERSZ( do Kd ORDERSZ.€J,100=0« 
Gu TH 192 
ORDERS Z Chk) = ORDFREZ (eK =CAPLE 
DEKGS GS CORDCUC Is K) 2d) ¢CAPLE. PREC La ale DEHN Cy de 14 CAPLE. FHMC La ly 22 SFI CLs Jo 2D #CANLE®KPRO Is KD FUMC La ule 9) @ERM C19 Je 3) *CAPLE* UCC Js ORDPNC Ie) nO TA 103 
LTO =ONDTAC I K=1) 

TU 103 
CONTINOE: 
Guta ina, 
HUN Maden, 
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‘Vable C4.2 (continued) 

106 

109 

105 
107 

120 

10 

17 3 

21a 

205 

200 

20 3 

202 

201 
203 

204 

206 

20 ® 

7 

780 

10 

DEKGS CMs I= 06 

IF CURDE CI «keeO) GO TO 100 
DO 105 Mal,OnDSeuy 

   
IF CL6GT«(8NS¢0IGU TO 107 
IF CORDHISZCJs1.9+E0.09G0 TO 106 
GO TO 109 
LeLet 
GO TO 108 
ORDERSZ¢J,M)=ORDFRSZ (Jel? 

  

ORDPRE JM = ORDPRC IL 
ORDTAC IM) =ARDTAC IL) 
ORDCU CIM) =ORDCUCIsL) 
ODC JM d=OD( JL) 
LeL+1 
ORDS(Ud=M=1 
TO=0 
DO 120 T=1,0RDS¢J) 
TO=TO+ORDERSZ( J, 1) 
LT CJ) =TO/CAP (J) +65 
CONTINUE, 
RETURN 
END 

SURROUTINE ORDEFF 
INTEGER TUsCPL(5)sL»NO 
REAL SFNC5),ATRC10s5+5)sP(5)»CUMP(5) » RN» PC(S) 
COMM ON/F /TWE/ATR» CPL» SEN/PCP/PC 
WRITEC6s777) 
FORMAT (15X» ' ORDEFF*) 
DO 214 Jats 
PCJ)=PCC) 
DO 208 NO=1,5 
IFCP(1)+E0.-16) GO TO 204 
CUMPC1)=PC1> 
DO 200 JaarS 
IF(PCJ)+EDe=14) GO TO 206 

CUMP (= CUMP (J=194P CJ) 
CONTINUE 
1F (CUMP(5) -E0.0.9G0 TO 209 
GO TO 212 
CUMPCL)=PCLD +16 
DO 210 J=2,5 
CUMP (J) =CUMP(J-1)4164PCU> 
RN=GOSABFC0+0,CUMP(5)) 
DO 201 Jal,s 
IF CRNeLE.CUMP(J)9G0 TO 202 
Go TO 201 
CPL(D=NO 
GO TO 203 
CONTINUE 
PCUaa Le 
Go To doa 
CUMPC1)= 06 
GO TO 205 
CUMP ¢J)=CUMP (J-1) 
GO TO 200 
CONTINUE 
CALL HEURISTIC 
RETURN 
END 

  

SUBROUTINE ORDPLA 
REAL ORDERSZ¢10,1009,0UP(10),QUDC10),0RD(10),ORKGS(S, 10) 
>KPRC10,100) 

INTEGER TWsX,ORDSC10),sORDPRC 10,100). T,CUST»KsORDTA 
101002, ORDCUC10,100)+0D¢10,1009 411 

COMMON/F /TW/T/ORD/O/ORDERSZ» ORDPR, ORDS/S/T/TE/N/ 
D/K, CUST/1 /QUP, OUD/0/ORDTA/R/ORDCU/AT/ORKGS/BA/OD 
7KP /KPR 

WRITEC6, 777) 
FORMAT C15X» *ORDPLA') 
DO 100 J=1,TW 
IF CORD(J)+E0+0+0) GO TO 100 
ORDERSZ¢ Jp ORDS (J)+19 =ORDC J? 
ORDPRC J ORDS (JL =K 
ORDS CJS ORDSCII +1 
ORDTAC J, ORDS (J) =N 
OD¢ Js ORDSCJ) = OUD) 
KPR Cds ORDS (J) = OUP CJ) 
WRITEC 6, 780) ORDERSZ (Js ORDS CJ)» KPRC Js ORDSC J)? 
FORMAT(15Xs "TONS '+F8+2,' £/T *F8.2) 
ORDCUC Jy ORDS (J?) =CUST 
ORKGSCCUSTs J)= ORKGS(CUST, J)+ORD(U) 
CONTINUE, 
RETURN 
END 

  

SURRUUTINE TITLFLO 
REAL ORKGS(5s 10) DEKGSCS, 10) 
INTEGER To ThsMsNC10) 9 PRNGMN, 
COMM UNZS /T 7 7T WAT ZORKGS/AU/DEKGS/TE/L/PRN/ PRN, MN 
WHITEC6,7779 
FORMAT C15X4 *TETLELO") 
DU 9n TlelsKN 
pO 900 Taet.TW 
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Table C.2 (continued) 

a
e
a
g
a
a
n
a
a
a
a
a
a
a
g
 

90 

  

7 

2 

2 
2 

2 

2 

2 

2 

2 

3 

ONEGECIL TAD 8. 
O DREGSCIL, TA 80. 

Wirt kee, 20091, 
0 FINMATOLOX, TIME = 8410) 
RETIN 
END 

   

  

AITINE SUPRENCTS) 
NTssessee=MEANING UF VARIABLES, IN SUBROUTINE 
URDEZ = ORDER SIZE sURDOTY OR O 
CURCLOI=CNT=NFF REJECT ==AL.1¢10) 

CUT-OFF POINTS = PCOP 
PRECIO) =SUPHLIFR PREFERENCE MEASURE =PRFS(10) 
HANK(5) =PREFERENCE VARIABLE =CPL(5) 
IN=MIN RANK 
PCPL(J,1S)=PRESSURE ON PREF VAR J FROM SUPP IMs¢1 TO REDUCE CPL¢J) 

-1 TO INC CPL(J) » =PCPL 
PXVCIS)= PRESSURE TO THANSFOKM VARIABLES ©1 TO GET BETTER =CPX 
PSENCIS)=PRESSURE TO CHANGE SENSITIVITIFS 1-MORE SENS,-ILESS,=PSEN , 
PLOY(IS)=PRESSURF ON LOYALTY, 1 TO INCREASE »=PLOY 
ORBKCIS)*0RDFR RNOK LARELsI=FULL » = ORBK 
REQ(IS) sREOUOTE FOR PRCE *¢DEL » =REQ 
OOUCIS) =ORIG OUOTE 
INTEGER CORC10)sRANK(S)+%o IL 

CsPCOP(102,TWsASC1045) 
REAL PADSESENG (30) SECHLESS 1894 PRUCIO 20 RSENCIO) -FLOYE} 0; RROCLOYs 

DATRO10,55)+ 200UC10) 
COMMON /G /ORDS: nCODs COP/J/CORs PEPL-» PRU PSEN, PLOY REO 

C /ECATR» RANK, SEN/D/II>X 
WRITEC6,777) 
FORMAT (15X, * SUPBEH") 
PSENCIS)=06 
PXUCISI=0+ 
QOuCISd=1. 
PLOY(IS)=0+ 
IF CORDSZ+LT+0+52GO TO 10 
IF CCORCIS)+EQ«1)PCOPCIS)=1 
IF (PRSCIS)+GT+0+6)GO TO 20 
IF (PRS(IS)+GT-0+05)GO TO 21 
IM=200 
DO 22 Je1s5 
IF CRANK( J) «GT+IM)GO TO 22 
IM=RANKCJ) 

2 CONTINUE 
RV=S+5 
IF CIM+GT+5+5)RV= 1065 
DO 23 J=1,5 
IF CRANK( J) «EO+IM+OR+RANK(J)+GT«RVIGO TO 24 
PCPLOJ15)= 16 
Go TO 23 

4 POPL(Js1S) 
3 CONTINUE 

GO TO 21 
IM=200 « 
DU 26 Je1sS 
IF CRANK(J) «GT. IM)GO TO 26 
INsJ 

6 CONTINUE 
DO 27 J=1.5 
IF(J+EN+INDGO TO 28 
PCPLO Js 1892-16 
GO TO 27 

B PCPLOJsTS)= 16 
7 CONTINUE 
1 IFCPRSC(IS)+GT+0-05)G0 TO 29 

PXUCIS)= 
9 IF CPRSCIS).GT.0+6)G0 TO 30 

IF (PRS(IS) +LT+0+0S)PSENCIS)==1+ 
Go TO 31 

0 PSENCIS)=16 

  

  

    

  

3 

  te 

    

31 IF CRANKC3) «FO+1+OR+RANKC3) «F0+2+OR+RANKC3) +E0+6+OR+RANK(C9) +EQ+7 

3 
1 

7 

30 

  AOR +RANK(3)sFO+11+OReRANKCS)+EQ+12) PLOYCIS)=1~ 
IF CPRS(IS) .GT.0+6)G0 TO 32 
REOCIS=068 

  

  

     

2 CONTINUE 
0 CONTINUE 

RETURN 
END 

SUBROUTINE HEURISTIC 
INTEGER SPAs Kolo Jo Ths POOP C10) sCLIC109,ASC1025) + JCoALI CLO) 
C+ADEOC109sMP»CPL(S),FPsPRSsKRs IMPOs IMDOs JPC, JP» J2sLPS,NUM 
CoPRIMC 
REAL RENCIOD,ATRE1Ms 545) .CTRDCS, 10)» COPsCAD»MFPs ADFPs SENCS) » PRFSC C109, 0RNC109¢AI Ns RINDS MP OsMDOs PCD, PUCS) ¢NPLC5S) sCPXC105SPCS) Gy PSENCIN) 40s PCPL.C52 109 5 VL.0YC102,0UP C109» QUDC10) 
CONMON/G 20» CN COPZA/CTRD/PC/PCOP/UZ AS/J/ ALI » PCPl.s CPX» PSENs OPLUY sREO /EZATNs CPL» SEN/E/TW/T/OUP, OUD/D/PRANC/T/ORD 
WRITEC6s 7779 

7 FORMATCISX, *HEURISTIC') 
SPA20 
Kea 

0 M0 79 JelsTW 
PCOPC I= 0 
CLIC 
REACD ate 
TRCASGLPRI GON) CLIC «0
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Table (continued) 

WA HOSKIeCL LED 
TROKeRG6M). GO TH N99 

CIMMENTananeeen CLI AT THIS STAGE SHOKS IF GOING TH ISSUE ENOUTKY a0 soso 
bY an geasTe 
TF COLIGI)+hO+1) CALL ENOQCJsKO) 
IF CKO+HO.9) GO TO 310 

wes acer 
ATHCde 1MC>= OUP CAD 

ATIC ds P4%CI=OUDC J) *#CTRDCMC2 JD 
CONTINU 

IFCJC+FN-0) GO TO 392 
1100 Jc=0 

DO 1103 Jet,TW 
ALICD=0 

TF COLIC) oF 
IFCATROs Ls 
JC= JC+1 
ALLIED #1 

1103 CONTINUE 

802 IFCJC-R-0)GO TO 900 

IF CJC+ED+1) GO TO 1503 
COMMENT======== SELECT CUSTOMER'S FIRST PREFERENCE VARIABLE 
1020 CONTINUE 

DO 1230 J=1,TW 

1230 ADFOCJ)=ALICU) 
1000 MP=20 

DO 1001 J=1,5 

IF (CPLCJ)+GE-MP)GO TO 1001 
MP=CPL(J> 
FPaJ 

1001 CONTINUE 
c 

  

a10    

+0) GO TO 1103 
C)+GT.COP+OHsATR(Js2sMC)+GT+COD) GO TO 1103 

  

CPL(J)=CUSTOMER PREFERENCE LIST 
© FPsCUSTOMER'S FIRST PREFERENCE VARIABLE 

MP=MIN PREF 
COMMENT#enceeee SELECT BFST SUPPLIER ON THIS VARIABLE + OTHER SATIS ONES 1200 IFCFP.GT.2-5)G0 TO 1201 

MFP=10000000. 
c MFP=MINCOR MAX) OF FST PREF 

DO 1202 Je1,TW 
- IF CADEQ(J) +E0+0) GO TO 1202 

IF CATRCJ»FPsMC) «LT+MFP) MFP=ATRC Js FP»MC) 
1202 CONTINUE 

ic ATRCJ, FP=ATTRIB(CUST Js 1=PRCE, 2=DELY, 3=LOY, 4= QUAL, S=CCP) 
C ADFP = 

  

DEQ VAL OF FST PREF 

  

DO 1203 Jet, TW 
IF CADEQ(J) +E0.09G0 TO 1203 
IF CATR(JsFPsMC)«GT+ADFP) GO TO 1220 
ADEQCJ=1 
GO TO 1203 

1220 ADEOCU)=0 
1203 CONTINUE 

GO TO 1600 
1201 MFP=*1. 

DO 1204 Jel, TW 
IF CADEQ(J>+E0-09G0 TO 1204 
IF CATR (J, FP) MC) «GT MFP MFP=ATRC Js FP»MC) 

1204 CONTINUE 
ADFP=MFP*(1-SENCFP)) 
DO 1205 J=1,TW 
IFCADEOCJ)+EO+09GO TO 1205 
IF CATRCJsFPsMC)-LT-ADFP) GO TO 1221 
ADEQCI)=1 
GO TO 1205 

1221 ADEQCU)=0 
1205 CONTINUE 
1600 Jc=0 

COMMENT=s=ss=== COUNT CURRENT LIST + BRANCH 
DO 1601 Jet, TW 
IF CADEQ(J)«E0-02G0 TO 1601 
JC C+ 
PRS=J 

1601 CONTINUE 
1602 IF CC. EY 
1700 CONTINUE, 

COMNENT==ss=s== MOVE FIRST PREFERENCE TO BOTTOM OF LIST 
1800 CPLCFP)=CPLCFP)+5 

CUMMENT==s=s==== CHECK FOR PREFERENCE LIST CYCLING ONCE 
1900 IFCCPLCFP)+F0+19)9GO TO 2200 

COMMEN: sees= CHFCK FOR PREFERENCE LIST CYCLING TWICE 
2100 IFCCPLCFP).E0.152G0 TO 2000 : Go TO 1000 

COMMENT=ssse="= DOURLE PREFERENCE SELECTION SENSITIVITIES 
200 DO RAOL J=1.S 

fae SENCJ)=SENCJ)#045 
GO TO 1020 

COMMENTs=sesse= NOTE PREFERRED SUPPLIER 
1500 DO 1501 v=1,TW 

IF CJeNF+PRS) GO TO 1502 
PRFSCPRS)=16 
GO TO 1501 

c PRS#NO+ OF PREFERRED SUPPLIER 
1502 PRFSCJ)eO+ 
1501 CONTINUE 

c PRFS(J) = PREF RATINGS SUM TO 1 Go TO A900 
KORO DN 19 Jel, TW 

IP CLEC EAL Ce PHD 

  

  

+1960 TO 15090 
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table 2 (continued) 
ent Line 

992 DU AML JaleTy 
301 HeDCdy 

60 TN #999 
1509 DN 1504 Jel TW 
104 PRESCDAALICN) 

GU TO A300 
COMMENTsses=ss6 NUTE PREFERRED SUPPLIERS 
2000 CONTINUE 

wReO 
DO 2001 Jal, TW 
IF CAPEONC J) «ED+0) GO TO 2001 
KREKReL 

2001 CONTINUE 
DO 2002 J=1,TV 
AIND=ADEQ¢ J) 
BIND=KR 
IF CAR+E9.09G0 TO A721 
PRFS (J) =AIND/BIND 
GO TO 2002 
PRFS(J)=04 
CONTINUE 

      

TP = RUNNING VARIABLE FOR TOT OF PRFS GO TO 2300 
900 MP9=99999. 

MDO=99999 
DO 901 J=1,TW 
IFCMPO-LT+ATR(J,1,MC)) GO TO 9028 
MPO=ATRCJs 14MC) 
IMPO=J 
IF (MDO-+LT*ATR(Js2.MC)) GO TO 901 
MDO=ATRC J, 22MC) 
IMDO=J 

901 CONTINUE 
COP=ATRCIMDO.1,MC> 
COD=ATRCINPO,2,MC) 
GO TO 1100 

COMMENT==s===== RELEASE DETAILS TO SELECTED SUPPLIERS 
2300 IFCSPA.EQ+1) GO TO 3700 

DO 2301 J=1,TV 
IFCPRFS(J) +LT+0605) GO TO 2301 
CALL SUPBEH(U> 

2301 CONTINUE 
COMMENT=s====== RECEIVE MARKET RESPONSE 
2400 CONTINUE 

COMMENT======== CHECK UMETHER ANY PRESSURE ON CUT-OFFS 
COMMENT========AGGREGATE CUT-OFF PRESSURE 

PCO=0- 
yPC=0 
DO 2501 u=1.TW 
PCO=PCO+PCOPC J) 

2501 JPC=uPC+1 
PCO=PCO/uPC 

2600 IFCPCO-LT.0+19G0 TO 2800 
= 

90 3 

  

  

  

  

PCO= PRESSURE UN CUT-OFFS 0-1 
COMMENT=== CHANGE CUT-OFF VALUES 

COP =cOP*¢1+PC0) 
De ¢1+PCO) 

ALTER PREFERENCE ORDER 
GGREGATE PRESSURE ON PREF LISTS 

2800 DO 2904 UP=1,5 
PUCUPI=06 
DO 2905 J=1,10 

2905 PUCIPI=PUC UP )+.5*PCPLCUP sd) 
IF CPUCIP) ©GTeL)PVCUP I= 16 

+ IFCPVCIP) «LT «= 1)PUCUPI8=16 
2904 CONTINUE 
2900 DO 2901 J=1,5 
2901 NPL(J)=CPL(J)-2+4PVC J) 

  

   

c NPL(J) NEW PREF LIST 
© PVCJ) PRESS TO CH LIST -1¢REDUCEIMP)-+1¢MI 

DO 2903 Ja=155 
LPS=100 
DO 2902 J=1,5 
IF(LPS+GE+NPL(J)) GO TO 2906 
GO TO 2902 

2906 NUM=J 
LPS=NPL(J) 

2902 CONTINUE 
CPLCNUM) =u2 

2903 NPLCNUM)=200+ 
c NUM 1L.00P 
& LPS VARIARLES 
COMMENT#=2====2 CALCULATE REVISED EXPECTATIONS 
3100 DO 3101 Je, TW 
IFCCPX (J) oLT«0659G TU 3201 
ATREDs Lys MOI=ATREI 14MCI9009 
ATC ch eM CIEATRE Ss 29MCI#O+D 

3101 CONTINUE 
9102 CONTINUE 

    

  

¢ TSP TNT PRESS ON SENSITIVITIES 
COMMENT#sasmensAGGREGATE PRESSURE ON SENSITIVITIES 

SPC1)= 06 
PO A202 det TW 

9302 SPCL)=SPCL)+PSENCJ) 
TF CSPC1) «LBs SPCADE 
IR CSPOD) 6GEeD) SPCR wAe 

SPC) GT ee? eANDSEP CL 
Wd A802 Jel 

    
  DSPCRIAD.     
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Table C,2 (continued) 
and SPeneci cy 

CUMMENTes senses CHANGE SENSITIVITIES, 
3an0 DO 3301 Jet 

IE CGD obo 04 19G TO 9901 
SENG J) 25 ENCJ4 C14SPCI)) 

3301 CONTINUE 

   

C SP(J) = SENSIT PRES 
Chsttern sees= ALTER INDIVIDUAL EXPECTATIONS 
3500 DD 3501 Jel, TW 

ATH Cds LAK GIEATRC Js LMC) *REOC I) : 
ATH (Js BaMOI=EATH CJ PMC) #REQC I? 
IF (PLOY (J) «F061 DATRCJs SMC SATRC Is SoC #101 

3501 CONTINUE 
3502 GO TO 3600 

COMMENT===s=25= CHECK WHETHER SALES PRESSURE HAS HAD EFFECT 
3600 SPA=1 

Go TO 1100 
COMMENT=====2== PLACE ORDER 
3700 DO 3701 J=1,TW 
3701 ORDCJ)=PRFSCI)*O 
3702 CONTINUE 

COMMFNT===ss=== WRITE OUTPUT 
8999 CONTINUE 

DO 9899 J=1sTW 
9899 LF(PLOYCU) «EO«1ATREJs 3sMCI#ATRE Js 3eMCI/ 101 

CALL ORDPLA 
RETURN 
END 

  

SUBROUTINE ENOCJ.KQ) 
REAL M,OUP(10),0UD(10)»ORDERSZ(10.100)sORDS(10)»/RSDOPsD 

CoPRICEC10s5)sVCC1055) 
INTEGER J,KO,ORPPRC10,1009/LTC102sIPs IC 
COMMON /I /OUP, OUD/0/0RDERSZ,» ORDPR»ORDS 

C /LTALT/SDP/RSDOP/PRI /PRICE/VC/VC/D/IP + IC 
c WRITEC6,777) 

177 FORMATC15%,*ENO*) 
IF CORDS( J) +E0+98)GO TO 100 
Ko=1 
GO TO 101 

100 KQ=0 
Go TO 102 

101 D=PRICECd, IP) *RSDOP 
OUP (J) =GOSAFF(PRICEC J, IP) sD) 
IF COUPCJ) «LT «VCC Js TP)? QUPCJ2=VCC Js IP? 
OUD(J)=LTCUD 

102 CONTINUE 
RETURN 
END 

  

SUBROUTINE UPDATE 
REAL ORDFRSZ(10,100)sCTRDCSs 109s 

© OUPC10),0UDC109,ATRC10s 5,59» SENCS) 
INTEGER ORDPR¢10,100),O0RDSC10)sORDTAC10,100)40D¢10510095 

C T,ORDCUC10,1002.TWsCPLE5)+LC10)4PRNSMN 
CONMON/0/0RDERSZ,ORDPR, ORDS/A/CTRD/I /OUP, OUD/PRN/PRNOMN- 

© /0/0RDTA/BA/QD/TE/T/R/ORDCU/F /TV/E/ ATR: CPL» SEN/L/L 
c WRITEC6, 777) 

777 FORMAT (1SXs "UPDATE"? 
DO 101 Jel, TW 
DO 302 LL=1.MN 

. DO 301 K=1,0RDS¢u> 
opc=0- 
N=0 
IF CORDCU(JsK) +NE«LL)GO TO 301 
OD=T-ORDTACI,K)=ODC Js) 
IF COD-LE+0)GO TO 301 
N=Nel 
Opc=an¢e+oD 

1 CONTINUE 
IF(N+EQ+0) GO TO 302 
CTRDCLLs J)=CTRDCLL, J) 95+» 0S¥ODC/N 

302 CONTINUE 
102 CONTINUE 
101 CONTINUE 

WRITEC2, 200) 
200 FORMAT(///,2%» "LOYALTY FACTORS") 
WRITEC2s 2019 (L694 d= 15MND 

201 FORMAT(//s 2X» * CUSTOMER "» 6X» 5(1149X)» /s2Xs "SUPPLIER" 2 //) 
DU 203 Jel,TW 
WRITEC2s 204) ds CATR CIs 391K) 9K 1 MND 

203 CONTINUE 
204 FORMAT (AX, 12, 7Xs SCF7+4s3X)) 

RETURN 
END 

3 

  

SUBROUTINE OUTPUT ~ 
REAL ORKGS (5, 109s DFKGS (5,10) TTDELS(6),TTORDSC 6), TOTORD( 10)» 

© TOTDF.C109,ATRC10,5,5) 2 SENC5) 
INTEGER Ths1.C10) +PRN»MNs CPL (5) 
COMMON /AT/URKGS /AU /DEKGS /F /TW/PRN/ PRN, MN/L/L/E/ATREIW/SMF 

C CPL» SEN 
c WRITEC6S 777) 

777 FORMAT CLSX, MRITPUT *) 
Di 1K Je1, Tw 
TOTDAL CD =e 

    

   



° 
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able C.2 (continued) 
TUT HED ae 
BO TM tent ey 
TAPED.) TTI, CO EGS Ke dd FO TITHE Ide TUNED IGE OK wn 109 betta      

  

  

DO 109 Jet TW 
TODS Cre TTD 

199 TTDH.S CD =T THE 
UPDATE LOYALTIES 

DO 200 J=l,TW 
DO 200 K=1,NN 
ATR Cs 32K SSMFAATR Js 34K)+ C1 6 SMF) *ORKGS (Ks J9/TTORDSCKD TTORNS(6)=0- 
TTDFLS(6)=0+ 
DO 110 JetsTY 
TTORDS (6)=TTORDS (6+ TOTORDC Jd TTDFLS (68 TTDELS(6)+TOTDELCJ) 
WRITECA, 102) 

102 FORMAT (///42X5 ‘ORDERS PLACED*) WHITEC2s 101) (LOJ)) de Le MND 

NSCLSORKGSEL, vd 
SCD) +DEKGSCL, J) 

  

20 

ey 

101 FORMAT (774 2%s *CUSTO4ER"  6%s ACT 149X201 1) WRITEC2. 150) : 150 FORMAT CIH+, 64%» *TOTAL* »/s2Xs *SUPPLIER' »//) DO 103 J=l,TW 
WRITEC2, 104) ds CORKGSC1, J), 181 4MND 104 FORMATCAXs 12s 7X5 SCFT 22 

  

WRITEC 
103 CONTINUE 
151 FORMATC1H+,63X%.F 742) 
WRITEC2, 107) (TTORDS CJ) s Je 14MND 107 FORMAT(/, 3X» 'TOTAL', S%s6(F7 625 3X9) WRITEC2, 151) TTORDS(6) 
WRITEC2, 105) 

105 FORMAT(///2%5 *DFLIVERY SUMMARY") VRITRC2,1019¢(L60).de144N) 
WRITECA, 150) 
DO 106 J=1,TW 
WRITECR, 104) Jy (DEXGSC 14 J), T=14MND VRITEC2s 151) TOTDFLC J) 

106 CONTINUE 
WRITECR, 107) (TTDELSCJ)» d= 14MND 
WRITEC 2s 151) TTDELS (6) 
RETURN 
END 

151) TOTORDC J:     

  

SUBROUTINE FINREP 
REAL FPN 32 10+7)44C2C10 VCC 105596 CAPC 10) sCAPUTC10) ©+DC10) +WCL C109 +P HHC10)4T3CC109,TADE10) 
INTEGER J, Tus, T.RFPFREQSLTC1O) 

© sINDI C10), 1ND2C109 
COMMON /FR/FRMs Wl, WC2/F/TR/TE/T/DR/D/RF/REI FREO/LT/LT/UC/UG © ZP¢CAP/IN/INDI » IND2/PER/PER/CU/CAPUT/TCD/T3C, T4D WRITEC6s 100) 
FORMAT (15Xs "FINREP*) 
DO 101 J=1,TW , 
PRI CLs dp 4)=DCJI*FRMC 15 ds 697126 FRU CLs Js 5)=CAPCJ)*PERC) 
FPN (1s ds 7)=CAP CU) 
FRM (Ls Jy G=FPM C1 yds 6)*C1-DONI 7120) IF CREPFREQ«EQ+1)CALL FIRPRIC1) DO 103 Je1,TW 
DO 103 K=1,5 

FRE (25 Jy KO SFRM C24 Je) +FRM CLs Jo KD 103 CONTINUE 
DO 110 Je1,tW 

FRM (2s Jo 7)=FPM (24 Js 7)4+CAPC I) . IF(T/3«NE«T/3+)G0 TO 102 IF CREPFREO +F0«2.OR+REPFREO+EQ+1)CALL FIRPRIC2) DO 104 J=1,TW 
CAPUTC J) =FRM C2 Jy 17 FRM C24 do 7) FRM 3s Js 7) FRM (34. Js 7) +FRM (2s Je 7) FRM( 2) Jy 79206 
DO 104 Ke1,5 
FRM € Ay Jy KD FHM (39 Je KD +FRM (2s de KD 104 FRMCPs JK) =04 
IF(T/12«NE+T/1209G0 TO 102 
CALL FINPRIC3) 
DO 165 J=lsTW 
T3CCU=FRM (9, 3,79 
T3INC J) = FIM C35 Jy 1) 
DO 105 K=1,5 

105 FRMC3) 0/9206 
165 FRMC3s dy 7) 906 
102 CONTINUE 

DO 106 J=1,TW 
DD 106 Kel,a 

106 FRNC1) deO. 
WRIT ECs 1099 CTC. de 1s TWD 109 FORMAT(SXs *LEAD TIMES 10¢9Xs13)) RETURN 
END 

   

10 

    

10 

  

1 

    

SURRONTINE FIMPRI CE BEAL FAC 1Me DO CAPCLOINCLELODRONCIM) RUT    
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Table C,2 (continued) 
T ER TRACI,   

Ver Tos nici oy     
   

  

CORBIN ZR Zi AAT Werth eh, anny 
AO FUEMAT CIN, eR LOL YD 

WHITRE Hs 100) 
LON KUSH EZ 4.5%, AANCUMPARATIVE FINANCIAL HESULTS FU > 

MGdeh oe DG TN AM 
  

  

IF Ce kO eG TH 108 

610901 
LOA FIAT CLT, 3HX%s "YEAR '4 12) 

TO 104 
101 VRITEC6, 1059T 
105 FORMAT CLH+, 38%. "MONTH "4139 

60 TO 194 
10=T73 
WHITEC6, 196910 

106 FORMAT CIM+s38Xs ‘QUARTER *413) 
104 pO 107 I=1,TW 

DO 108 K=2,5 
TERMCLsKO=FPMCds 14K) #2001465 
TFUM CTS 692 FRMCLs 146) 42001465 
IF RM CL, B= CFRM Cds 12) -FRMC Js 1299042001465, 
LPR C14 9)= CPPS C Jy 194) +FPM CIs Ts 592# 6001465 
TPUMCLs 109" CFI Cs Ly 29-FRM Cds 14 3) F HMC Js Te 4) -FRMC Jo 195) 90001405 TFEM CLs 11)= CCI CID CARCI) +WCR CT *FRMC1515129". 001865 IPR CLs 12S CFRM CLs 162 +K CL CT) #CAP CTD +h. CACTI #FAMC Lo 1,19) 460014 RUL= CFR CJs 142 )~ FEM Jo Ty 3) = 

© FRM CIs 14 4)~FRMCJs 145) /(WC1L CL #CAPCT) +WCACT I #FRMC Lo Te 1) © FRMC1s1,6)) 
IF CJsE%6 1) 1FRMC1, 13921200 +#ROL$65, 
IF CJ+EN 62) FRM C14139=A006*ROL +65 
IFC Je RO +3)1FRM(1,139=(ROI#100+)465 
TFRM CLs 192 FAM CU, 1, 10405 

¥(1s7)8CAPCI) +65 
IFC JeF02) FRM CT 79=FRMC2515 7940S 
LF (Je E0«3) I FRM (1,72 FIMC3,1479+05 
CONTINUE 
FRITECGs 1099 C1TC1) sT=1s TW 

109 FORMATCIX, *SUPPLIER', 9X. 10€12,4X)) 
WRITEC6s110)CTFRMCL, 7921216 TW) 

10 3 

  

10) & 

  

    

    

10 3 

  

  

110 FORNMATC/, 1%, ‘CAPACITY ¢T) $e 106155 1X9) 
WRITRC6s 1119 CLFRMCI 10.181, TW) 

111 FORMAT CIX,s "SALES WT (TD *510€15s1X)) 

  

  1TEC6, 112) CIFRM (T2295 T= 15 TU) 
112 FORMATC/,* REALISN (KY *410¢154 1x99 WRITEC6s 113) CLFRNC Ts 39, 21, TW) FORMATC* VAR COST ¢£K) — *410¢15s1%)9 

WAT TEC6s 114) CLFRNCL 894 Te 1, TW) 
110 FORMAT CL 7%, 9¢€*~-=== '95/5* CONTRIAN (LK) +410€1521X9) VRITEC6s 1159 CIFRNCTS 4), 1=15TW) . 115 FORMAT CI7X,9¢+=~ 'e¢s' DEPRECN ¢&K) — *,10¢15+1X)9 WRITEC6s 116) CIFRNCI, 5), T=15 TW) 116 FORMATC* PER COST CLK) — *,10¢15+1X9) WRITEC6s 1179 CTFRNCI, 9), aL s TWD 117 FORMAT CL 7%, 9¢*=-=-~ "94/5" TO FX CO CLK? —*410€1521X9) WRITEC6s 118) CIFRNCLs 1090115 TW) 118 FORMAT (17%,9¢* "eZ," PROFIT (2K) *4 106159199 UPITECGs 1199 C1 FRYCT,6),1=15 TN) 119 FORMATCL7X,9¢'eee== +)4//,* FIXD CAP (EK) '+10¢1591X)) WRITEC6s 120) CLFRMCIs 1199 1=15 TW) 120 FORMATC* WORK CAP ct) 10¢15» 1x9) WRITECGs 121) CLERIC I, 1295 1=14 TW) 121 FORMATCL7X,9¢'~--== "4/5" CAP EMPL (£K) —*,10¢1521X)9 WRITEC6, 122) CIFRNCIs19)91=15 TW) , 122 FURMATCL7X,9¢*=e=== *)4/5* PROF/CAP (2) * 10¢1541X9) WRITEC6s 123) 
123 FORMAT CI7X,9¢tsese= *)) 

IFCJeNE«19GO TO 500 
DO 401 IP=1, Ty 
IFCFRMC1,1Ps1)«E0+0) GO TO 403 GO TO 404 

403 ARCIPI==1 
GO-TO aot 

404 CONTINUF 
IP)SFHMCL,IP,2)%601/FRM Cy TPs 19465 ani CONTINUE 

RITEC6s 402) CANCIP)s1P= 14 TW) 
A02 FORMAT C* AV PRICECLOO/T) *410¢1521x99 500 CONTINUE 

RETURN, 
END 

  

o 

   
  

  

    
    

    

  

  

  

    

SUBROUTINE CAPEX 
REAL CAPUTCIO) sFRM CAs 1047) EXPTCLO)sFCLC10)5WC1 C10)» © WERC1OD,CAPC1O),T3CC109,T3NC109 
INTEGER Us TW. 
CUNM (IN ZER APHEH WOLs | C2/E /TW/CU/CAPUT/EXT/EXPT/FCI/FCI/P/CAP 

© /tepeTac, TaD 
c WRITECH, 100) 

109 FUNMAT CIS, *CAPEX*) 
NN 101 wet. TW 
CEaTANC I /TACCID 
IF COC«1.T +6946 TO 192 
CAN GD ACARI *ESPT OD) 
FS CL te DM 1a 1s 6) 4 EXPT OD = 1 eR CLC) 
FELGQD AECL OMe RSET OD 

1? TAL GIDE 
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fable C.2 (continued) 

  

TACO EN. 
101 CONTINUE 

RETURN 
END 

  

SUPROOTINE PRDDAN 
HEAL. COPUTCLOD 2 TCECINs 5)6VCC1 0459 
INTEGES doh PRNS Mis TY 
China ZCN CAPT /VC7VC ZPRI/PHICE/PRN/ PENS MNZF/ TW 
beLTECGs 100) 

100 FUMEATCISYs *PPDOWN") 
DO 101 Jets TW 
TF CCOPNT CID» GE 
DO 191 Ke1,PRN 
PRICE CU KI =PRICECIsK) #695, 

    

  

4)9G0 TO 101 
  

  

IF CPPICEC Us #) «LT ol o1#UCC Is) PRICEC JAK I= 16 1#UCC SoH) 
CONTINUE 
RETURN 
END 

10 

   

        

L PRICEC10+5)sCAPUTC1O) 
H TVs dePRNGMN   

  

'sMN/PRI/PRICE/CU/CAPUT 
> 
*PRUP*? 

aTW 
1F CCAPUT(J) «LT++982GO TO 101 
PO 101 Ke1,PRN 

ICEC Usk) #1605 

    

PRICEC J, K) 
101 CONTINUE 

RETURN 
END 
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C.3.1 The Program Structure 

The master segment, TIMKT, controls the calling of 

each other segment. It first calls segments INIT and 

INPUT. TIMKT then sets the "clock" to its starting 

value, and advances the month up to the required limit. 

In each month, it calls the segments required for each 

part of the simulation. The calling sequence of the 

program is shown as table C.3. Table C.4 indicates the 

use of all the variable names used in the program. 

When a complete simulation has been carried out, TIMKT 

re-initialises the sequence by calling INIT, and inputs 

data using INPUT for a fresh run.



  

CALLING SEQUENCE OF SIMULATION PROGRAM 

TIMKT 

aS 
TIMKT+—— INIT 

TIMKT- INPUT 

a: 
a 

DEFC 
a 

ORDEFF, 

eee 

HEURISTIC+—— ENQ 

HEURISTIC SUPBEH 

TIMKTs—— ORDEFC<—— ORDEFF=<— ae 

TIMKT<—— MANUF 

sy 
TIMKT =—— UPDATE 

Ds 
TIMKTS—— OUTPUL 

a 
FINREP < 

TIMKT<+—— FINREP<—— FIRPRI 

TIMKT=——CAPEX 

TIMKT+——— PRUP 

TIM PRDOWN



Table C.4 

TIMKT 

K 

TMAX 

INIT 

J 

ORDS(J) 

LT (J) 

K 

ORDERSZ(J,K) 

KPR(J,K) 

ORDTA(J,K) 

Qp(J,K) 

DEKGS(J,K) 

L(J) 

176 

IDENTIFASRS USED IN THE SIMULATION 
PROGRAM 

number representing the current month 

during the course of the simulation, 

limit to the number of months the 

simulation is desired to run. 

running variable. 

number of orders on supplier J's 

order book. 

delivery lead time of supplier J. 

running variable, 

size of K'th order on J's order book, 

unit price of K'th order on J's order 

book. 

month K'th order on J's order book was 

taken. 

quotation of delivery lead time given 

for K'th order on supplier J's order book. 

total current monthly deliveries of 

product K by supplier J. 

dummy array used for printing titles.



Table C4 

INPUT 

   

TW 

Le 

PRN 

MN 

J 

CTRD(J,K) 

K 

ATR (I,J,K) 

ATR (i, 346) 

ATR (1I,4,K) 

ATR (1,5,K) 

LES) 

LY; 

I 

MEAN(I,J,K) 

MIND (K,J) 

MP (K,J) 

C77 

(continued) 

number of suppliers in the model. 

limit to the number of months the sim- 

ulation is desired to run, 

number of product groups in the model. 

number of market sectors in the model. 

running variable, 

months which sector J adds to supplier 

K's delivery quote to obtain his estimate 

of delivery month. 

running variable. 

shared attributes between supplier I and 

market sector K,. 

loyalty of sector K to supplier I. 

sector K's perception of supplier I's 

quality. 

pressure on sector K favouring supplier I. 

array used for titles. 

number of years simulation will run. 

running variable. 

mean size of monthly order (in tonnes) 

which sector K will place in year I, 

for product J. 

mean of maximum acceptable delivery for 

product K, to sector J. 

mean of maximum acceptable price for 

product K to sector J.
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Table C4 (continued) 

CAP(J) 

AS (J,K) 

EXPT (J) 

we2 

FRM (1I,J,K) 

FRM (I,J,6) 

D(J) 

REPFREQ 

RSDQ 

RSDD 

RSDP 

RSDQP 

monthly capacity (in tonnes) of supplier 

indicates (with a 1) whether supplier J 

is able to supply product K. 

ratio of new to old monthly capacity, 

when supplier J increases capacity. 

increase in supplier J's working 

capital caused by an increase in 

sales of 1 tonne per month 

matrix used for financial reports. 

fixed capital for supplier J. 

annual rate of depreciation of fixed 

assets of supplier J. 

denotes required frequency of financial 

reports output from the model. 

1 - monthly and 

2 - quarterly and 

3 - annually 

ratio of standard deviation to mean of 

sectors' monthly demand. 

ratio of standard deviation to mean for 

maximum acceptable deliveries, 

ratio of standard deviation to mean for 

maximum acceptable price. 

ratio of standard deviation to mean of 

quoted prices. 

running variable. 

Ts



table 

  

PRICE (LJ) 

VG (iS) 

P (a) 

SEN (J) 

PER (J) 

we1 (J) 

SMF 

ORDEFC 

at 

i 

et (continued) 

179 

supplier L's mean quoted price for product 

J (£/tonne). 

supplier L's variable cost rate for 

product J (£/tonne). 

relative frequencies of choice of:- 

Jee 

J=e2- 

a Sse 

J=a4 - 

Ja 5.< 

as most 

price 

delivery 

loyalty 

quality 

external pressure 

important variables in the 

supplier selection process. 

selection sensitivities for:- 

J 

J 

J 

J 

J 

1 

5 

price 

delivery 

loyalty 

quality 

external pressure 

supplier J's monthly period cost per 

tonne of monthly capacity. 

working capital per tonne of monthly 

capacity, for supplier J. 

smoothing factor for updating loyalty. 

simulation current year. 

simulation current month.
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table C.4 (continued) 

J 

PRN 

DEV 

RSDQ 

MEAN (1I,J,K) 

Q 

GO5AEF (I,J) 

M 

MIND (J,K) 

RSDD 

coD 

MP (J,K) 

RSDP 

running variable. 

number of product groups. 

running variable. 

number of market sectors. 

standard deviation of monthly demand. 

ratio of standard deviation to mean 

of demand. 

mean monthly demand in year I of sector K, 

for product J. 

size of current demand (tonnes). 

samples from a normal distribution with 

mean I, and standard deviation J. 

(Routine from NAG library). 

standard deviation of maximum acceptable 

deliveries. 

mean of maximum acceptable delivery of 

product J, to sector K, 

ratio of standard deviation to mean max- 

imum acceptable delivery. 

maximum acceptable delivery (months) 

for this demand. 

standard deviation of maximum price. 

mean of maximum price acceptable to 

sector K for product J. 

ratio of standard deviation to mean of 

maximum acceptable price.



Table 

coP 

  

MANUF 

a 

TW 

CAPLE 

CAP (J) 

ORDS (J) 

K 

ORDERSZ (J,K) 

1 (J) 

ORDTA (J,K) 

FRM (I,J,K) 

FRM (1,J3,1) 

FRM (1,J,2) 

FRM (1,J,3) 

KPR (J>K) 

VG (J5K) 
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4 (continued) 

maximum acceptable price (£/tonne ) for 

this demand, 

running variable, 

number of suppliers, 

capacity left of the current supplier. 

monthly capacity (tonnes) of supplier J. 

the number of current orders on supplier 

J's order book. 

running variable. 

size (in tonnes) of the K'th order in 

supplier J's order book. 

delivery lead time of supplier J. 

month in which the K'th order on supplier 

J's order book was placed, 

financial reporting matrix. 

total deliveries by supplier J in the 

current month (tonnes). 

total sales by supplier J in the current 

month (£). 

total variable costs incurred by supplier 

J in the current month. 

unit price of K'th order on supplier J's 

order book (£/tonne). 

variable cost rate of supplier J for 

product K (£/tonne).
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- month's deliveries from supplier J to 

sector K, 

ORDCU (J,K) - market sector which placed the K'th 

order on supplier J's order book, 

M - running variable. 

MN - number of market sectors. 

L - running variable. 

ORDPR (J,M) - product group of M'th order on supplier 

J's order book. 

QD (J,M) - quoted delivery lead time of M'th order 

on supplier J's order book. 

TO - total weight of orders on order book. 

CAP (J) - monthly capacity of supplier J. 

ORDEFF 

J - running variable. 

P (J) - relative frquency of choosing attribute J 

in the selection process, at each stage, 

where:- 

J = 1 = price 

J = 2 = delivery 

J = 3 - loyalty 

J=4 ~ quality 

J = 5 - external pressure 

Pc (J) - original value for P(J). 

NO - running variable. 

CUMP (J) - cumulative frequency, based on P(J). 

RN - number selected at random.
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Table C.4 (continued) 

GO5ABF (X,Y) 

CPL (3) 

ORDPLA 

ai 

Tw 

ORD (J) 

ORDS (J) 

ORDERSZ (J,K) 

ORDPR (J,K) 

K 

ORDTA (J,K) 

QD (J,K) 

NAG routine which provides a number 

selected at random from the uniform 

distribution with range from X to Y, 

the order of consideration of suppliers' 

attributes in the selection process. 

J 1 = price 

J = 2 - delivery 

3 - loyalty 

J = 4 = quality 

5 - external pressure, 

running variable. 

number of suppliers. 

size (in tonnes) of order currently 

being placed on supplier J. 

number of orders in supplier J's order 

book. 

size (in tonnes) of K'th order in 

supplier J's order book. 

product involved in the K'th order in 

supplier J's order book, 

product group of current order. 

month in which the K'th order in supplier 

J's order book was taken, 

current month of model. 

delivery lead time quotation (months) 

given for order K on supplier J's order 

book.
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Table ©.4 (continued) 
  

qup (J) 

KPR (J,K) 

QuUP (J) 

orDCU (J,K) 

cuSsT 

ORKGS (CUST,J) 

TITLELO 

TY 

MN 

L2 

TW 

ORKGS (J,K) 

DEKGS (J,K) 

SUPBEH 

Is 

PSEN (IS) 

current delivery quote given by supplier 

J. 

unit price quoted (£/tonne) for the 

K'th item on supplier J's order book, 

supplier J's current price quotation. 

market sector which placed the K'th 

order on supplier J's order book, 

market sector placing current order, 

monthly total order weight placed by 

sector CUST on supplier J, 

running variable. 

number of market sectors, 

running variable, 

number of suppliers. 

monthly total order weight placed by 

sector J on supplier K, 

monthly total weight of deliveries made 

by supplier K to sector J. 

supplier identification number, 

pressure applied by supplier IS to alter 

decision sensi tivities.



Table C.4 

PXV (1S) 

oqu (its) 

PLOY (1S) 

ORDSZ 

cor (Is) 

PCOP (IS) 

PRS (IS) 

IM 

J 

RANK (J) 

RV 
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(continued) 

pressure from supplier 1S for sector 

to reduce the time it adds to delivery 

quotations, 

shows whether quote given by supplier 

TS.-(1 = yes,.0 — no) 

pressure from supplier TS to change 

market sector's loyalty. 

size of current demand (tonnes). 

shows (=1) if supplier IS was rejected 

because price or delivery were quoted 

above the maximum. O if not. 

pressure from supplier IS to alter price 

and delivery maxima. 

degree of preference of current sector 

for supplier IS, 

(A total of 1 is shared out among sup- 

pliers). 

running variable. 

running variable, 

order of consideration of suppliers! 

attributes in the selection process. 

J = 1 = price 

J = 2 - delivery 

J = 3 - loyalty 

J = 4 = quality 

J = 5 - external pressure 

running variable.
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Table Cw (continued) 

PCPL (3,1S) 

IN 

REQ (IS) 

HEURISTIC 

SPA 

KS 

TW 

PCOP (J) 

CIE (de) 

REQ (J) 

AS (J, PR) 

PR 

JC 

pressure from supplier IS to alter order 

of consideration of attribute J, 

negative to increase RANK (J), positive 

to reduce it. 

running variable, 

multiplier for supplier IS's price and 

delivery quotes, 

index which indicates whether sector is 

ready (= 1) to place its order. 

index used to count suppliers considered 

at some stages in the selection routine. 

running variable, 

number of suppliers, 

pressure from supplier J to alter price 

and delivery maxima. 

indicates whether supplier J is present 

on the list of acceptable suppliers 

(= on, O - Off). 

multiplier for supplier J's quotes. 

indicates supplier J's ability to supply 

product PR, 

number designating product group. 

running variable which counts acceptable 

suppliers.
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Table C.4 (continued) 

KQ 

ATR (J,K,MC) 

MC 

QuP (J) 

QuD (J) 

CTRD (MC,J) 

ALT (J) 

coP 

coD 

ADEQ (J) 

is set to 1 if a quotation is made or 

O if one is declined, 

shared attributes between supplier J 

and market sector MC, 

K 1, price expected 

K = 2, delivery lead time expected 

K = 3, loyalty of sector to supplier 

K = 4, sector's perception of suppliers! 

quality 

Kea 5; pressure on sector to buy from 

supplier 

number designating market sector. 

price quoted by supplier J (£/tonne). 

delivery lead time quoted by supplier J 

(months). 

number of months which sector MC adds 

to supplier J's delivery quotation to 

arrive at expected lead time (months). 

indicates whether supplier J is present 

on the list of acceptable suppliers 

G = on, 0 = GEE ig 

maximum acceptable price for this order 

(£/tonne). 

maximum acceptable delivery lead time 

for this order, 

indicates whether supplier J has performed 

adequately on each factor so far con- 

sidered,
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2.4 (continued) 

  

- current value of preference for factor J. 

MP - running variable used to find next 

most important variable in selection 

process. 

FP - most important variable at this stage. 

1 = price 

2 = delivery 

3 = loyalty 

4 = quality 

5 = external pressure 

MFP - optimum available of variable FP, 

ADFP - adequate value for variable FP. 

SEN (FP) - sensitivity of selection of adequate 

suppliers, on variable FP, 

PRS - number of preferred supplier. 

PREFS (gs) - degree of preference for supplier J, 

ORD (J) - order size placed on supplier J (tonnes). 

KR - running variable used to count suppliers 

left on acceptable list. 

AIND - used to calculate PRFS (J)'s. 

BIND - used to calculate PRFS (J)'s. 

MPQ - minimum price quotation (£/tonne). 

MDQ - minimum delivery quotation (months). 

IMPQ - number of suppliers offering minimum 

price quote. 

IMDQ - number of suppliers offering minimum 

delivery quote.
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Table C.4 (continued) 

PCO 

JPC 

JP 

PV (JP) 

PCPL (JP,J) 

NPL (J) 

Je 

LPS 

NUM 

CPx (J) 

sP (J) 

PSEN (J) 

REQ (J) 

PLOY (J) 

aggregate pressure from suppliers to alter 

maximum price and delivery. 

running variable used in counting 

active suppliers. 

running variable. 

pressure from suppliers to make variable 

JP more (positive) or less (negative) 

important. 

pressure from supplier J to make variable 

JP more (positive) or less (negative) 

important. 

used to change the order of importance 

of variables. 

running variable, 

running variable used to find highest 

values of NPL. 

running variable. 

pressure to alter expectation of price 

and delivery from supplier J. 

pressure by suppliers to alter the sensit- 

ivity on factor J. 

pressure by supplierJ t alter sensitivity. 

requoting factor for supplier J. 

pressure from supplier J to increase 

loyalty to him. 

total current demand.



  

ble 

  

ENG 

J 

KQ 

ORDS (J) 

D 

PRICE (J,IP) 

ae 

RSDQP 

QuP (J) 

GO5AEF (I,J) 

ve (J,IP) 

QuD (J) 

‘5 WM (0) 

UPDATE 

J 

TW 

Ly 

MN 

K 
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4 (continued) 

supplier number. 

indicates whetherthis supplier offers 

a quote (1 - he does, O = he doesn't). 

number of live orders on supplier J's 

order book. 

standard deviation of quoted price. 

mean price level of supplier J for 

product group IP, 

number of product group. 

ratio of standard deviation to mean 

for quoted prices, 

price (£/tonne) quoted by supplier J. 

NAG routine which takes a random 

sample from a normal distribution with 

mean I and standard deviation J. 

variable cost (£/tonne) of production 

of product group IP, by supplier J. 

delivery lead time quoted by supplier J, 

supplier J's estimate of his current lead 

time. 

loop variable, 

number of suppliers in the market. 

loop variable, 

number of market sectors in the model. 

loop variable.
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Table C.4 (continued) 

orDS (J) - number of orders on supplier J's order 

book, 

ODC - running variable used to calculate the 

cumulative number of months overdue 

of orders from a given sector to a 

supplier. 

N - running variable used to calculate total 

number of overdue orders from each 

supplier to each sector. 

ORDCU (J,K) market sector of K'th order on supplier 

J's order book, 

ap - number of current month. 

ORDTA (J,K) month in which order K on supplier J's 

order book was taken. 

QD (J,K) - delivery quoted for order K on supplier 

J's order book, 

oD - months overdue for an order. 

CIRD (LL,a) months which sector LL adds to supplier 

J's delivery quotation, 

L(3) - used only for writing a title. 

ATR (J,35%) - loyalty of sector K to supplier J. 

OUTPUT 

J - running variable. 

TW - number of suppliers in the model. 

TOTDEL (J) total deliveries made by supplier J. 

TOTORD (J) total weight of orders booked by supplier J, 

K - yrunning variable.



Table 

  

MN 

DEKGS (K,J) 

ORKGS (K,J) 

Ir 

TTORDS (1) 

TTDELS (I) 

ATR (J,3,K) 

SMF 

TTORDS (6) 

TTDELS (6) 

CAP (J) 

PER (J) 

REPFREQ 

an 

CAPUT (J) 

T3c (J) 

25D (0) 
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4 (continued) 

number of market sectors in the model. 

weight (tonnes) delivered by supplier J 

to sector K, 

weight of orders placed by sector K 

with supplier J, 

running variable, 

total orders placed by sector I. 

total deliveries to sector I, 

loyalty of sector K to supplier J. 

smoothing factor for updating loyalty. 

total weight of orders placed. 

total weight of deliveries made. 

monthly production capacity of supplier J 

(tonnes). 

monthly period cost per tonne of capacity 

for supplier J. 

desired frequency of financial reports 

1 = monthly, 2 = quarterly, 3 = annually. 

current month of simulation. 

quarterly capacity utilisation of supplier 

J. 

running variable. 

annual capacity of supplier J, 

annual deliveries of supplier J.
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Table C.4 (continued) 

LT (J) - lead time of supplier J. 

FIRPRI 

J - reported period, 1+month, 2 - quarter, 

3 - year. 

Ly, - current year number of simulation. 

AY - current month number of simulation, 

IQ - current quarter number of simulation. 

ai - running variable. 

TW - number of suppliers in market. 

K - running variable, 

IFRM (I,K) - integer financial reporting matrix, for 

supplier I, 

K = 1 - sales weight (tonnes) 

K = 2 - sales realisation (£ x 1000) 

K = 3 - variable cost (£ x 1000) 

K = 4 - depreciation (£ x 1000) 

K = 5 - period cost (£ x 1000) 

K = 6 - fixed capital (£ x 1000) 

K = 7 - capacity (tonnes) 

K = 8 - contribution (£ x 1000) 

K = 9 - total fixed costs (£ x 1000) 

K = 10- profit (£ x 1000) 

K = 11- working capital (£ x, 1000) 

K = 12- capital employed (£ x 1000) 

K = 13- profit to capital ratio (%) 

FRM (J,1I,K) - financial reporting matrix for period J, 

and supplier I. 

K = 1 - sales weight (tonnes) 

K = 2 - sales realisation (£) 

K = 3 - variable cost (£)
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Table C.4 (continued) 

FRM (J,I,K) 

we1 (1) 

CAP (1) 

weo2 (1) 

ROI 

£0. (Er) 

IP 

AR (IP) 

CAPEX 

J 

TW 

cc 

T3D (J) 

130 (3) 

CAP (J) 

EXPT (J) 

FRM (1,J,6) 

a(t) 

FINREP 

io, 

TW 

K = 4 - depreciation (£) 

K = 5 - period cost (£) 

K = 6 - fixed capital (£) 

K = 7 - production capacity (tonnes) 

working capital per tonne of monthly 

capacity for supplier I (£) 

monthly capacity for supplier I (tonnes). 

working capital per tonne of sales 

for supplier I (£),. 

rate of return on investment. 

array used for titles. 

running variable 

average price obtained by supplier IP 

(£00/tonne). 

running variable, 

number of suppliers, 

yearly capacity utilisation. 

total annual deliveries by supplier J. 

total annual capacity of supplier J, 

current monthly capacity of supplier J. 

rate of capacity expansion of supplier J, 

current fixed capital of supplier J. 

array used for titles. 

running variable. 

number of suppliers in the model.



Table Con (continued) 

FRM (1,J,K) 

Day) 

For (co) 

PRDOWN 

J 

TW 

CAPUT (J) 

K 

PRN 

PRICE (J,K) 

ve (J,K) 

financial reporting matrix, for supplier 

J. I represents the period, and K 

the quantity. 

I= 1 - current month 

I = 2 = current quarter 

I = 3 - current year 

K = 1 - sales weight (tonnes) 

K = 2 - realisation (£) 

K = 3 - variable cost (£) 

K = 4 - depreciation (£) 

K = 5 - period cost (£) 

K = 6 - fixed capital (£) 

K = 7 - production capacity (tonnes) 

rate of annual depreciation used by 

supplier J. 

previous non-depreciated value of fixed 

capital of supplier J, 

running variable, 

number of suppliers. 

capacity utilisation of supplier J, 

during the previous quarter, 

running variable. 

number of product groups in the model. 

supplier J's average price for product K. 

supplier J's variable cost of production 

of product K,
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Vable C,4 (continued) 

PRUP 
J - running variable. 

TW - number of suppliers in the model 

CAPUT (J) - capacity utilisation of supplier J 

during the previous quarter, 

K - running variable, 

PRN - number of product groups in the model. 

PRICE (3,K) - mean price charged by supplier J for 

product K, 

C.3.2 Processing in Each Segment 

TIMKT 

This, the master segment, controls the calling sequence, 

and cycles the clock, It starts a new simulation when 

enough months have been simulated, It stops the pro- 

cessing when all data is exhausted. 

INIT 
This subroutine initialises an array used in printing 

titles, All variables used in the program are initialised 

in this segment, 

INPUT 

This subroutine enters all input to the program, and 

also writes this out as identification of the output. 

Table C,5 shows the input required.
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TITELO 

This subroutine resets monthly two registers which 

accumulate orders and deliveries for each market sector/ 

supplier combination. 

ORDEFC 

This subroutine cycles through each product and 

each market sector, it selects for each combination the 

quantity required and initial maximum price and delivery 

times, using the NAG routine GO5AEF, which takes random 

samples from a normal distribution, The routine then 

calls, for each product/sector, ORDEFF, 

ORDEFF 

This subroutine selects the order of importance of 

price, loyalty, delivery, quality and customer pressure 

in the selection process, This is done using probabilities 

which are input, and a routine from the NAG library which 

samples from a uniform distribution : GO5ABF. ORDEFF 

then calls HEURISTIC, 

HEURISTIC 

Subroutine HEURISTIC is the supplier selection 

routine. It initially sends enquiries to each supplier, 

by calling ENQ for each one selected. 

HEURISTIC then selects its preferred suppliers. It passes 

this information to the suppliers and invites their 

response, by calling SUPBEH for each supplier, After
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receiving, the sales pressure, acting; on it, and deciding 

on which supplier to patronise, HEURISTIC places its order 

or orders by calling ORDPLA for each supplier selected. 

EN! 

This subroutine is called for each supplier invited 

to quote for an order, A quote is made providing there 

are not more than 98 orders currently on that suppliers 

order book. Price is quoted by impressing a sample 

from a normal distribution (using GO5AEF) on the supplier's 

ruling price level for the product in question. Delivery 

is quoted by calculating how many months' orders are on 

hand. 

SUPBEH 

This routine describes the sales pressure exerted 

by each supplier after HEURISTIC has selected the preferred 

supplier. 

ORDPLA 

Subroutine ORDPLA is called for each supplier when 

an order is offered to it. Orders are always accepted. 

Data about the order is entered in the order book. 

MANUF 

This subroutine cycles through each supplier during 

each month, Orders are taken from the order book in order 

and delivered, up to each supplier's capacity limit. 

UPDATE 

Subroutine UPDATE causes each market sector's estimate 

of the accuracy of each supplier's delivery quote to be 

updated.
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OUTPUT 

This routine causes reports to be printed each 

month which show summaries of orders placed and deliveries 

made. All the loyalties are also updated. 

FINREP 

Subroutine FINREP organises the regular accumulation 

of the quantities required for all financial reports. 

Depending on the frequency of reports required, it calls 

FIRPRI, at appropriate intervals. 

FIRPRI 

This subroutine is called to print financial reports 

on each supplier. 

CAPEX 

Subroutine CAPEX is called once a year from TIMKT. 

It cycles through suppliers, and decides whether to 

increase their capacity. 

PRUP 
This routine decides whether to increase each supplier's 

price level. When such a decision is made it changes the 

level. 

PRDOWN 

This subroutine regularly makes the decision on 

whether to reduce each supplier's price,
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Table C.5 INPUT REQUIRED BY SIMULATION PROGRAM 
  

One set of data is required for each complete simulation, 

As many sets of data as desired may be submitted. All 

input is in free format. Real items must contain a 

decimal point, and integer items must not. Any number 

of spaces may separate each item from others on the same 

card. 

1 card TW, IT, PRN, MN Integers 

MN cards CTRD (1,1) to CTRD (1,TW) Real 

to 

CTRD (MN,1) to CTRD (MN,TW) 

MN cards ATR (1,3,1) to ATR (TW,3,1) Real 

to 

ATR (1,3,MN) to ATR (TW,3,MN) 

MN cards ATR (1,4,1) to ATR (TW,4,MN) Real 

to 

ATR (1,4,MN) to ATR (TW,4,MN) 

MN cards ATR (1,5,1) to ATR (TW,5,1) Real 

to 

ATR (1,5,MN) to ATR (TW,5,MN) 

IY sets of MEAN (I,1,1) to MEAN (I,1,MN) Real 

PRN cards to 

MEAN (I,PRN,1) to MEAN (1I,PRN,MN) 

  

Por Lea 4,2, seine «LY 

PRN cards MIND (1,1) to MIND (1,MN) Real 

to 

MIND (PRN, 1) to MIND (PRN,MN)



  

PRN cards 

1 card 

TW cards 

1 card 

1 card 

1 card 

1 card 

1 card 

1 card 

TW cards 

TW cards 

1 card 

1 card 

1 card 

1 card 

1 card 
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(continued) 

MP (1,1) to MP (1,MN) 

to 

MP (PRN,1) to MP (PRN,MN) 

CAP (1) to CAP (TW) 

AS (1,1) to AS (1,PRN) 

to 

AS (TW,1) to AS (TW, PRN) 

EXPT (1) to EXPT (TW) 

we2 (1) to wce2 (TW) 

FRM (1,1,6) to FRM (1,TW,6) 

D (1) to D (TW) 

REPFREQ 

RSDQ, RSDD, RSDP, RSDQP 

Real 

Real 

Integer 

Real 

Real 

Real 

Real 

integer 

Real 

PRICE (1,1) to PRICE (1,PRN) Real 

to 

PRICE (TW,1) to PRICE (TW, PRN) 

ve (1,1) to vc (1,PRN) 

to 

ve (TW,1) to vc (TW,PRN) 

P (1) to P (5) 

SEN (1) to SEN (5) 

PER (1) to PER (TW) 

we1 (1) to wc1 (TW) 

SMF 

Real 

Real 

Real 

Real 

Real 

Real
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APPENDIX D 

LOYALTY AS A COMPONENT OF THE INDUSTRIAL 
BUYING DECISION 

by P L Bubb 

and D J van Rest 

An IHD Scheme Working Paper, May 1973 

The University of Aston in Birmingham
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LOYALTY AS A COMPONENT OF THE INDUSTRIAL BUYING 

DECISION 

by P L Bubb and D J van Rest 

SYNOPSIS 

In industrial marketing, loyalty is more usefully regarded as 

a determinant of the buying decision than just a summary of decision 

outcomes. 

Loyalty can be regarded as including those inertial influences 

on the buying decision not separately considered. In many cases 

it may be useful to isolate some variables which are often included 

within the concept of loyalty. 

A study of a market is described, in which perceived product quality, 

pressure from the ultimate consumer and loyalty affect the buying 

decision outcome.
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LOYALTY AS A COMPONENT OF THE INDUSTRIAL BUYING DECISION 

What is Source Loyalty? 

In consumer marketing, loyalty is regarded (Cunningham (1956)) as 

a statistic summarising the outcomes of a sequence of buying decisions. 

Loyalty is regarded as high, or present, when a high proportion of 

buys are with a given supplier. Wind (1970) has directly transposed 

this concept of loyalty to the industrial marketing area. 

Such a concept of source loyalty seems to the present writers to 

lack managerial significance. A more useful summary of buying 

decision outcomes is given by the sales achievements. If, however, 

loyalty is also regarded as one of the factors which influence each 

buying decision, then the concept is very important from a management 

point of view. Loyalty becomes the means whereby past buying decisions 

affect the current one. We have found, from fieldwork, that at least 

some industrial marketing executives regard loyalty in this way. 

Recent press comment on the C & A chain of stores (Sunday Times (1972)) 

concurs with this view. 

How _is Loyalty Recognisable? 

If loyalty is one of the factors which are considered in the buying 

decision, we can assess the behaviour due to loyalty by separating out 

the other influences. Loyalty will account for the residual tendency 

to buy from a previously favoured supplier, when each other factor has 

been isolated and accounted for. In many decisions, therefore, loyalty 

will not be able to influence the outcome, since it will be determined 

by the other factors.
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The whole concept of loyalty is of a factor which will change relatively 

slowly in comparison with supplier decisions. In this way, since it 

links past decisions with the current one, loyalty is analogous to 

inertia. Clearly an operational definition of loyalty will entirely 

depend on the circumstances, It will generally be appropriate to 

treat price as a factor distinct from loyalty, but most other factors 

might in some circumstances be included in loyalty. 

We can recognise loyal behaviour as a tendency (not explained otherwise) 

for a customer to repeatedly buy from a particular supplier. It will 

generally be responsible for a slowly fluctuating sales volume of a 

particular supplier. 

Models which show Loyalty 

There are a number of models which have been proposed and exhibit the 

behaviour expected from the concept of loyalty described above. 

Industrial Dynamics (Forrester (1961)) uses closed-loop systems to 

model business interactions. Forrester (1961) used negative feedback 

to generate slowly fluctuating sales volumes in an industry study. 

Ballmer (1960) has made a study of the copper industry, in which he models 

the decision whether to buy copper or a competing material. He models 

the reluctance to change materials, which he calls "stickiness", using 

a similar type of feedback loop. Forrester (1965) offers a good example 

of intertial behaviour, in a model which shows the current sales rate 

as being entirely determined by various historical market influences. 

These models each show the type of behaviour expected of loyalty from 

either the supplier or customer view. Although the models were of 

industries rather than individual firms, the inference of loyalty seems 

valid.
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The Behavioural Theory of the Firm (Cyert & March (1963)) postulates 

"problemistic search", where problems are solved by initially con- 

sidering solutions which are similar to previous experience, and 

systematically widening the field of search until a solution is 

found. The search goals exhibit slow learning, or adaption. 

This approach to modelling can clearly give rise to loyal behaviour in 

a model of the customer. A model having a similar search hierarchy 

is put forward by Massy & Savvas (1964) to describe a department store 

buyer's behaviour. All lines stocked in the previous time period are 

re-stocked, providing they performed satisfactorily. Thus a current 

supplier has a better chance of being selected than any other, and so 

the buyer exhibits loyal, inertial or memory behaviour. 

There are various models (e.g. Robinson & Faris (1967) and Moore (1969)) 

which use a list -processing scheme for source selection. A list of 

acceptable suppliers is first drawn up by the buyer, who selects one 

source from this list for the specific order. The list is changed 

infrequently compared to the buying decision. An elaboration of this 

concept by Webster & Wind (1972) prepares an acceptable list using slow- 

changing "non-task" variables, such as supplier reliability, and then 

selects the supplier from that list using "task" variables. These 

models will all tend to generate the behaviour described earlier as 

loyalty. A supplier will be more likely to be selected if he has 

recently been used and proved satisfactory. 

Rational Factors Distinct from Loyalty 

The concept of loyalty as outlined above is something of a catch-all. 

It includes everything which was not explained separately but affects the 

buying decision. The degree of detail to which it will be useful to
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explain the decision process will clearly vary with the circumstances, 

but we offer below a few of the factors which can sometimes be isolated. 

Administrative Inertia 

There are limitations in an organisation's capacity to react to and 

cope with changes. New sources of supply require administrative 

activity to make the necessary contacts and systems and technical 

capacity to cope with any complications arising as a result of the 

change. 

Lack of change can of course, atrophy the capacity to deal with 

it. On the other hand too much change can overburden the internal 

organisation. Some limitation to the rate of search for new sources 

is necessary unless appropriate resources for this are made available 

and the cost of the activity recognised. This factor results in 

slow adaptation to a changing environment and repeat orders arising 

by default. 

Familiarity 

The use by an organisation of a special material means that the 

organisation will have adapted to it and learnt to cope with its 

special perculiarities. The history of product innovation is full 

of stories of surprising side-effects providing both unexpected new 

markets and unexpected limitations. Hence the use of a material 

from a source with which the organisation is familiar carries the 

assurance that unexpected difficulties are less likely to occur. 

Webster and Wind (1972) describe this as "risk reduction."
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Persistence 

There are advantages in building up long term business relationships 

with a supplier. A supplier is better able to be obliging, lay-down 

the necessary capacity, maintain standards, assist with problems and 

devote resources to the servicing aspect of supply if the investment 

in these aspects can be recovered over a number of supply contracts, 

At the other extreme quick profits can be made on single contracts 

if the purchaser over-estimates the value of the material supplied, 

Hence long-term commitment diministes the value of a supplier allowing 

a purchaser to over-estimate the value of the supplies and promotes 

the likfihood of good service. This is, for example, reflected in the 

policies of Marks and Spencer Ltd. They regard their suppliers and 

the relationships built with them as an asset and invest money in their 

sources of supply (de Somogyi (1970)). 

However, the C & A chain of stores operate policies at the opposite 

extreme, They operate a system which ensures that loyalty to their 

suppliers does not influence their buying decisions (Sunday Times 

(1972)). 

Xenophobia 

Organisations can recognise their inability to evaluate suppliers 

comprehensively in regard to their financial reseurces, business 

policies and technical expertise. A defensive device is the approved 

list, the specification of certain restrictive standards or membership 

of specific associations, This constitutes a preliminary screening 

of suppliers and as listing, meeting standards or membership of the 

associations has some value, the threat of exclusions or denouncement 

provides a weapon for retaliation by the purchaser in the event of the 

supplier falling down on his obligations.
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Nationalism 

National governments play an increasing role in the market-place 

for industrial goods. This is especially noted in high technology 

areas, where pressure is put on firms to buy indigenous products. 

This pressure becomes stronger where national security is involved. 

Communication problems are somewhat lessened within a country, by 

the relative proximity of buyer and seller, and the absence of 

language barriers, 

Neighbourliness 

Even more local deals are highlighted by this feature. The reasons 

are generally to improve communications, and interaction with the 

local community, which can have an impact on employee morale. 

Company Relationships 

Reciprocal trading is the most often noted of these. Elaborate 

procedures for ensuring "fairness" in reciprocity between the two 

firms can lead to a strong reluctance to change suppliers. 

Often reciprocal training is managed at a point higher in the firm's 

organisation structures than "normal" buying. This can lead to 

reluctance to change in itself. In some countries (particularly the 

U.S.A.) reciprocity is regarded as somewhat immoral and in some 

cases it is illegal (Finney (1968)). This can easily lead to loyalty 

to other (i.e. non-reciprocal) suppliers. 

Other types of special relationships between companies include the 

cases where one company holds part or all the equity of another. 

These cause different behaviourdepending on the management policies.



  

Purchasers have varying estimates of the technical, managerial and 

financial resources available to suppliers, Fieldwork carried out 

by the authors located one case, in a highly technological industry, 

where an agreement was made to Purchase a product whose specifications 

were only tentatively forecast, the decision being based on respect 

for the suppliers capability. 

Where these factors can be identified and separately analysed a deeper 

insight can be given into the buying process. Where necessary information 

is not available they have to be grouped as the residual explanation of 

behaviour, However, understanding the multi-dimensional nature of loyalty 

explains the complications that it adds to the buying process, 

A Market Model with Explicit Representation of Loyalty 

The authors are engaged in a study of the European market for one of the 

newer metals, This is part of a project developing Planning aids for a 

company which is one of a small number of suppliers to that market, 

It was initially decided to build a model which described the where-to-buy 

decision in terms of a flow chart. The customers for this material were 

all industrial concerns, so it was not always clear which members of the 

customer organisation took the buying decision. The decision was therefore 

taken as the basic activity of interest. The initial investigation 

suggested that the decision to use this metal (rather than a competing 

material) could reasonably be treated separately from the decision on 

which supplier to buy it from. 

The investigation started by studying a large number (some 70 or so) of 

separate decisions, with various customers, and various outcomes, 

Each of these situations was described as an individual flow chart.
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It proved possible to combine most of these individual flow charts 

into a single model which described the majority of buying decisions 

studied, 

The model was validated it by incorporating it into a simulation of the 

entire market, which was run to cover a period of five years, and 

compared to the actual market behaviour over that time. Agreement was good 

The model (shown in figure 1) is constructed from the point of view of 

the customer, It uses five factors to decide which supplier to use for 

each order. These factors are price, delivery time, loyalty, quality, 

and pressure from the customer's customer. The model is constructed as 

a list processing system: it starts off with a list of suppliers which 

might be acceptable, and eliminates suppliers from this list until only 

one is left, or the customer is indifferent among those suppliers left, 

The customer initially sends enquiries to all the suppliers on his 

“acceptable list". He receives quotations from some of these suppliers, 

Others are eliminated from the list. After examination of the quotations, 

each supplier's delivery is compared to the customer's deadline, 

Those which don't meet it are eliminated. Each supplier left then has 

his price compared to the maximum which the customer is prepared to pay. 

Unacceptable suppliers are removed from the list. At this stage, the 

number of suppliers on the list is counted. If none are left, the price 

and delivery constraints are relaxed until at least one supplier is left. 

If more than one supplier is still on this list, further activity takes 

place to reduce the size of the list.
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Kach customer has a ranking order of the five market factors. 

He considers the most important factor separately first, and continues 

through each factor in descending order of importance to him. 

In general, each customer will have a different ranking for each buying 

decision, With each factor (taken in order), the best supplier left on 

the list is found. Any supplier significantly worse on this factor is 

removed from the list. The list is then counted, and only if more than 

one supplier remains is the next factor considered. After all the 

factors have been considered, if more than one supplier remains, the 

sensitivity of the process is increased, and this elimination procedure 

repeated. At any stage, if only one supplier is left on the list, the 

elimination process is halted, and the fact that that supplier is 

"preferred" is made known to the market. If, after completing the process, 

more than one supplier is left on the list, these are similarly regarded 

as preferred, 

An opportunity is then given to all suppliers to respond, by improving 

their quote, or attempting to alter the customer's ranking order of 

factors. After receiving any such response, the entire elimination process 

is repeated, and the preferred supplier or suppliers selected, The order 

is shared equally among these suppliers this time, however, 

In the market model, it was estimated that for about 30% of the decisions 

loyalty was the most important factor in the decision (i.e. it was 

considered first in the selcetion process). 

With the market simulation used to validate the model, loyalty was 

allowed to vary over time. The rule used was to set loyalty between 

each customer/supplier pair, as a weighted average of the loyalty in the 

previous time-period, with the proportion of that customer's orders placed 

on that supplier in the current time period. Thus recent experience
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could be arranged to affect loyalty more than older buying behaviour. 

Conclusion 

In industrial marketing, it is useful to regard source loyalty as one 

of the determinants of the buying decision, and not just a summary of 

decision outcomes, Operationally, loyalty can be regarded as including 

those influences on the decision not separately considered. 

We have pointed out some factors which may be profitably treated 

separately in particular cases. These serve to indicate that source 

loyalty is not necessarily irrational. 
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