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SUMMARY

The objective of the research was originally defined to be the
study cf the feasibility of developing a more efficient stock contreol
and replenishment system, covering the requirements of the sponsor's
European marketing operations. Firstly, the general theories of
inventory control and of organizations are reviewed separately, and
then the theory is applied tc the analysis of the organization cf
inventory control in the region of interest. As a result, general
recommendations are made for the application of inventory controel
me thods, and, realising the practical limitations tc change which
exist in such an organization, a design strategy is proposed for
development towards the eventual cobjective of implementing a
"push'" system.

The rest of the research is devoted to specific methods of
improving the quality of information used in the current decision
making mechanisms, with the aim of providing something of more
immediate and practical value toc the sponsor. An automatic forecasting
procedure is developed to cope with the characteristics of European
demand. The procedure is based on Bayesian methods, so that it can be
adapted for interactive use, and it alsc includes a facility for
detecting and coping with discontinuities in the data. An analysis
of actual demand from Europe is made, showing the model to be suitable
for its characteristics, and the response of the procedure is
demonstrated on several product histories. Computer data files are
used to compare the lead times of the principal planning activities
between customers and between product groups, and the analysis is
used as the basis of proposals for improvements in both operational
and management reporting of lead times.
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CHAFTER 1

INTRODUCTION TO THE RESEARCH PROJECT

1. Introduction

This chapter gives a general description of the sponsoring
organization as an international company. It aims to make the original
statement of the research objectives intelligible, and it provides a

background to the work on the project.'

1-1 The Growth of the Dunlop Company

The tyre industry began at the turn of the century after the
invention of the first practicable pneumatic tyre by John Boyd Dunlop.
The Dunlop Company grew rapidly to meet the requirements of the cycle and
automobile industries in the Midlands. It opened factories in Coventry
and Birmingham and later bought rubber estates (in Malaya) and cotton mills

(in Rochdale, Lancashire) to provide raw material for tyre production.

The Company also expanded by producing other rubbef based goods
(sports equipment, flooring, hose pipes etc.) and by acquiring a system of
tyre wholesale warehouses. It now has more than one hundred factories in
many countries throughout the world, and marketing companies in many more.
Its areas of interest are basically - (a) rubber-like materials;
(b) precision engineering; and (c) semi-durable products. The tyre remains

a major part of the business of the group.

The U.K. Tyre Division now has four factories, in Birmingham (Fort
Dunlep), Liverpool, Glasgow and Washington, County Durham. In the rest of
Europe there are factories in France, West Germany and the Republic of
Ireland (see fig. 1). Fort Dunlop is one of the largest tyre factories in

Europe, making 100,000 tyres and 50,000 tubes every week, and employing

6,500 people. Apart from factory warehouses, there is a network of

oy o



FIGURE 1
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28 tyre depots and a majority-owned distributor.

Europe Sales Division (E.S.D.) is responsible for marketing Dunlop
tyres in Eastern and Western Europe, and it supports nine European
Selling Companies for this purpose. These companies are the preferred
channel of distribution in their own countries and approximately 30% of
their sales are sourced from U.K. factories. For many of them, the U.K.
has been the "normal'" source of supply, but sourcing is now mainly

influenced by the proportion of British vehicle sales and relative prices.

1-2 The Product Range

U.K. Tyre Division supplies a wide range of tyres under the Dunlop,
India and other brand names. The Dunlop name is associated with higher
quality and price, and a more comprehensive range, while other brands
tend to be aimed at specific -areas of the economy market. The various
types, uses and constructions of tyres are summarized in table 1.

A number of factors account for variations within these categories and

as a result there are about 900 car tyres alone in the range.
1. Size - The width and internal diameter of a tyre corresponds to
the size of the wheel. Car tyres are 10 to 15 inches in

diameter and truck tyres are between 16 and 24 inches.

2. Quality

New tyres are tested for shape and uniformity and given
a "bar' rating on a three bar scale. In general, only three
bar tyres are suitable for export and criginal equipment.

Two bar tyres are suitable for the replacement market.

3. Ply Rating - Cross ply tyres are produced with different numbers of
fabric plies. Extra plies add to the strength of the tyre,
so a van tyre may be a reinforced car tyre. Car tyres have

between 2 and 6 plies, while heavy trucks have between 12 and

18.
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TABLE 1

PRINCIPAL TYRE GROUPS

MOTORCYCLE
CAR —————— CROSSPLY — Tubed
Tubeless
L— RADIAL —— Steel
Textile
TRUCK —— CROSSPLY = Small
—are
—— RADIAL —— Small ———— Tubed

—— Large —[ Tubed
Tubeless
TRACTOR —[ FRONT
REAR

EARTHMOVER SMALL
LARGE

EXTRA LARGE

MINOR TYRE GROUPS

BARROW & TROLLEY

DENOVO (Dunlop's Fail-safe tyre)
INDUSTRIAL TRUCK

LAND ROAD & IMPLEMENT

RACING TYRES & SLICKS

VAN

VINTAGE CAR



4. Pattern - This is the form of the tread rubber after moulding.
It affects performance in terms of traction and wet grip
and is also used to differentiate between brands for

marketing purposes.

5. Speed Rating - Some car tyres are built to be used at high speeds
and carry SR, HR and VR ratings, according to the maximum

safe speed.

6. Miscellaneous - The U.S.A. require all automotive products to have
'""Federal markings', for which tyre moulds have to be
engraved, but not all are. There are other superficial

distinctions such as kerbing ribs and white side walls.

A seven figure "MPG ITEM" code is used to distinguish each variation.
New tyres are coded and recorded on a computer stock file as they enter
the stores, after inspection. The first three digits of the code identify
the brand, construction and use, as in table 1. (Major Product Group).
The other digits are used to distinguish the other characteristics listed

above.

In addition_to.tyrea, a wide variety of accessories are supplied.
Tyres are often fitted to wheels from Dunlop's Rim and Wheel Division for
vehicle manufacturers. Every tubed tyre requires a new tube when replaced,
and all the corresponding tubes are available. Truck tyres often require
a "flap" to prevent abrasion with the »im, and to act as a seal. Some
other rubber based products, such as radiator hoses, patches and rubber
solution are sold. A wide range of garage equipment such as hydraulic
jacks, wheel alignment gauges, pressure gauges and a whole range of

Schrader valves and equipment is also available.

e



1-3 Planning and Distribution

The function of the Planning and Distribution Division of U.K.T.D.
is to co-ordinate the marketing and production activities and to organize
the distribution of finished goods. The division consists of the five

departments shown in figure 2.

The principal planning tool is the Management Plan. It is drawn up
annually in September to give combined estimates of the requirements of
each marketing division and major customer for the following year. (The
markets are summarized in figure 3). When the first estimates are
available, they are assessed by computer routines tc determine whether
there is any conflict with production capacity. If so, the estimates are
revised and re-assessed until agreement is reached. The plan is -used by
Planning Department to make the appropriate plant and equipment available,
and to set production targets. It is also used as a basis for financial

and inventory control, and it is reviewed in March and September mainly

for financial purposes.

The Supplies Department decides weekly production schedules which are
then translated into component requirements and programmed on the factory.
The schedules are devised from a consideration of stock levels, firm (or
"outstanding') orders and '"policy". The department is also responsible for

allocating finished goods to the various markets as they become available.

Exports from U.K.T.D. go to approximately 200 countries in Europe and
overseas, and Dunlop maintains a sales organization to proﬁote its interests
in these areas. The Export Department at Fort Dunlop handles the
commercial processes related to the movement of these goods. Export
markets generally, and Europe in particular, require tyres of high quality.
The time goods spend in transit is substantially longer for overseas than

for any home market, and it is important to use freight efficiently.

Stiff penalties can result from not fulfilling the requirements of a
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FIGURE 3
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contract or a foreign government. All these conditions and restrictions

must be observed in addition to offering the customer a service.

1-4 Description of the Project

Motivation

The performance of Planning and Distribution Division had improved
substantially since it was set up in 1970/1. This was due largely to the
co-ordination of its activities and thé development of computer systems in
the areas of Supplies, Storage and Movement, and Transport. Computer
systems have been developing to assist the operation of the Export
Department more recently. There had alsc been a history of complaints
about poor service from customers in foreign territories, especially E.S.D.
The Export Manager (Mr. T. McNair) considered it appropriate for a study
to be made of the long-term development of control systems for the majcr

export.markets.

Another reason for being concerned about inventory control was the
high interest rate of around 15%. The capital investment in inventory
has an opportunity cost equivalent to at least this rate, so there is a
strong incentive to use inventory more efficiently. Even if the size of
inventory remains constant, inflation increased the cost of finished goods

and hence the corresponding investment.

If the size of inventories can be reduced, it may be possible to
reduce warehouse expenses, and providing better service may allow a
reduction in the terms of credit offered. During the period of the
project trends in currency exchange rates made British goods much less

attractive, and amplified the importance of these factors.

Objectives of the Research

e

The initial definition of the project was to study the feasibility

of developing a stock control and replenishment system covering the

T



requirements of E.S.D. from U.K.T.D. The objectives of the system were
defined as -
(a) to reduce the overall capital tied up in finished
goods by improved systems and liaison between the
two companies; and
(b) to reduce lead times for provisioning and delivery

of export orders, especially for Europe.

Before starting the investigation 'into the main area of interest,
I was set a minor project by Mr. McNair. It was to develop policy
guidelines for the acceptance and handling of small orders and small accounts
by the Export Department, with the objective of establishing criteria
to determine a minimum economic size for an order. This project arose
from the concern of Export Department staff for the amount of time consumed
by small amounts of business, with apparently little reward. It lasted
five months and alsc served as a period of familiarization with the staff
and operations of the Department. The work on this project, and the

conclusions drawn from the study, are recorded in Appendix 1.

1-5 Current Inventory Control Practices

The principal method of controlling finished goods stocks in the
factory warehouses is the weekly size by size production scheduling
carried out by the Supplies Department. Production of sizes which have
the largest demand is continuous and fairly constant. Since these take up
mcst of the available capacity, the weekly re-scheduling is mainly

concerned with the less popular items.

The general objective is to maintain a balanced inventory, i.e. to
maintain supplies of the majority of sizes without overstocking any one
size. In particular, the policy towards high volume, or "key" items is
to maintain supplies at all times, while less cover is allowed '"normal"

items,  Low volume items are made in batches to last up to ten weeks, and
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stocks tend to be reserved at national warehouses rather than in regional
depots. Items with abnormal or irregular demand are made only to fulfil
firm orders. Typically, a moulding machine is used fcr a group of these

items in rotation.

The regional depots which supply the home replacement market are
replenished with the aid of a computerized system which regularly
calculates current requirements. The necessary information is derived
from daily records of sales at each depot. If goods in the national
warehouses are in free supply, these requiremenis are automatically
allocated to the depots. If they are in short supply because output
from the factory cannot maintain stocks, they are allocated manually.
The requirements of other markets are only allocated manually. (The
procedure of allocation involves establishing the priorities of the

various markets based on their special requirements and general policy.)

Stocks are only deliberately reserved for the export market in high
volume sizes, and the weekly allocations are made only against outstanding
orders. Little control is exerted by the Export Department over national
stocks. All its allocated stock is waiting either to be packed and
despatched, or for other items to become available to make up a

consignment.

The Export Department needs to maintain contacts with other
departments because of the demanﬁing nature of its market. Monthly
meetings are held with the Supplies Department to plan allocations for
short supply sizes, and direct contacts are kept to deal with special
problems as they arise. Interdepartmental meetings are held to ensure

that tyres of the appropriate standard are available.

The Dunlop Selling Company in Denmark keeps ccmputer records of its
sales, and stocks are reported at least once a month as a basis for

generating orders. A re-order quantity is suggested by the computer for

= s



generating orders. A re-order quantity is suggested by the computer for
each item, which is reviewed by the General Manager to ensure that it is
reasonable and possibly to take account of other factors. A lead time of
twelve weeks is assumed in the calculations, although this is admittedly
pessimistic. More detail of the Company's operations are contained in

a report written about the author's visit there. (See Appendix 2)

= 1%
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CHAPTER 2

REVIEW OF INVENTORY CONTROL THEORY

2. Introduction

This chapter reviews the concepts and language of the control of
finished goods inventories. The meanirgs of some terms differ, depending
on the structure of the distribution network to which they refer. The aim
is to make these distinctions clear, aAd to state how they will be used in
the rest of the text. To begin with, many of the basic terms are defined
in the context of an independent warehouse, which is the basic distribution
structure. Then there is a brief description of the relation between

inventory control and factory programming, and finally, more complex

distribution networks are examined.

2-1 Independent Warehouse Operation

First, consider a warehouse physically separated from its sources
of supply and its customers, and with its own management responsible for
maintaining stock levels. Normally, the warehouse will keep a stock of a
variety of different products, to serve a localized market. Here the term
“"stock" will be applied to an available quantity of a specific item, and
the_ term "inventory" will be applied to the aggregation of all the stocks

of different items.

2-1-1 The Function of Inventory

In the context of this warehouse, there are four main functional

reasons for holding a stock of any particular item.

1. Safety Stock - A product is normally re-ordered from the
supplier before its stock level has fallen to zero.

This allows for the delay between the order being

Rt a8



generated and the receipt of the goods into stock,
and for the uncertainty about customer orders
during that time. The safety stock is the
difference between the re-order level and the
demand expected. It therefore represents the

protection against abnormally high demand.

2. Working Stock - When a shipment is received into stock, the
re—order triggér is exceeded. This excess is
termed the working stock, and represents the

quantity toc be scld prior to the next re-order.

3. Pipeline Stock - Usually this is defined as the quantity in
transit from the supplier to the warehouse. It can

also be applied to a quartity on order.

4. Seasonal Stock - When stocks are ordered in excess of current
requirements, to provide for an anticipated higher

demand, the excess is termed seasonal stock.

The inventory of the warehouse as a whole has a broader purpose than
these four individually, which is to act as a buffer between, or decouple,
the demands of the customers and the operation of the supplier. It makes
them less dependent on each other, and reduces the need for highly
organized control. The customer has a local, reliable supply, and the
supplier can plan on the basis of larger orders to make production and

distribution more. econcmical.

2-1-2 The Demand Process

In any time period, the orders received from customers for a
specific product will not normally be known in advance. However, it may

be possible to detect regularities in the orders, either intuitively, or

= B =



by a formal statistical technique. By doing so, it is assumed that
there is an underlying process generatirg the orders which cannot be
observed directly. Typically, this process is assumed tc be composed

of level, trend and seascnal factors, which may be estimated from the
history of orders, and used to forecast future demand. An estimate is
also made of the variation of the observation about the process. This
represents how much uncertainty is associated with forecasts of future
events, assuming that the same prccess is at work. It also has a major

influence on the size of safety stocks.

However, it is unlikely that the process will continue to be
representative of customer demand indefinitely. Any number of economic
or competitive trends, political decisions, strikes, or even periods
of untypical weather, could be responsible for a significant change in
the underlying process. If the process ceases to be representative of
demand, the history of demand ceases to be relevant in estimating the
process. Forecasts can then only be made from other sources of |

information, experience or guesswork.

2-1-3 'Stock Policies

A stocking policy is a set of rules which is designed to control
the stock of a particular product. It defines the period between reviews
of the stock level, the level at which orders are triggered, the size of
the order, and the action taken during a stockout. There are four
distinct types of poiicy which may be applied to different classes of

product, or in different situations.

1. Re-order Level Policy (R.0.L.) - The stock level is reviewed
continuously, against a specified re-order level.
When the stock falls to, or below, that level, a

replenishment order is generated. In its simplest

SR e



operation it is implemented as a '"two bin'" system
for cheap items, i.e. the level is reviewed when-
ever a withdrawal is made and a fixed replenishment

quantity is obtained.

2. R.0.L. Policy Subject to Periodic Reviews =~ A fixed
replenishment order is placed at each review if the

stock falls to, or below, the re-order level.

3. Re-Order Cycle Policy (R.0.C.) - Orders are generated at each
periodic review, calculated as the difference
between the current level and a maximum (specified)

level.

4. The (s,8) Policy - Stock is reviewed periodically, and an order
is generated if the stock is below a re-order level
(s). The order quantity is determined as the
difference between the current and a maximum level

(s).

To use one of these policies, it is necessary to set the review
period, re-order level, maximum stock level, and re-order quantity
appropriately. They are termed "policy variables" and they depend on -

(a) the leadtime; |
(b) the ievel and variability of demand;
(c¢) the required protection against stockouts; and

(d) the capacity of the warehouse.

The leadtime may be defined in this situation to be the delay
between a re-order level being triggered and the receipt of goods into
stock. It may be known, or it may be relatively stable. However, in

general, many of the comments made about the demand process apply to

the leadtime. It may vary significantly in itself, between products or

between suppliers.

- 18 -



The protection against stockouts may be measured in one of two
ways. The first, which is usually termed "vendor service level', is
defined as the probability of not running out of stock during each
review period. If a level of protecticn is chosen, the corresponding
safety stock can be calculated from the distribution of demand during a
leadtime. It is a suitable measure of efficiency of the warehouse,
especially when backordering is allowed during a stockout. The second
measure, called "customer service level', is defined as the proportion
of customer demand filled from available stock per annum. This is
useful in judging the level of stockouts from the viewpoint of the
customer, and especially in the retail situation. Two other measures of
service are derived from these. One is the expected time a shortage will

last. The other is the proportion of orders filled from stock.

There is a great deal of literature concerned with determining the
policy variables to gchieve optimal, stable behaviour when used. A
typical approach is to express "ordering costs" and "holding costs" as
functions of the review period, the re-order level and quantity, and
minimise the total ccst subject to constraints of service and capacity.
Sometimes, a cost is attributed to stockouts and included in the total

cost function, when it is considered appropriate.

2-1-4 Inventory Control

The methods of controlling individual items have been described,
and it is now appropriate to examine the choices available for applying

them to the operation of the warehouse as a whole.

Inventory Costs

The costs of operating an inventory can be divided into three
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types:-
1. Ordering costs - which are usually independent of the size of
ordere, include order administration, receiving

and inspection costs for incoming goods.

2. Storage or Holding costs - include the opportunity cost of capital
invested in inventory, direct storage costs,

deterioration costs, and insurance.

r

3. Stock out or Runout Costs - are Judged to be attributable to
stockouts, i.e. cost of lost sales or loss of

customer goodwill.

J.F. Magee (54 Pt.1) considering the costs that influence inventory
policy, notes that they are "......characteristically not those recorded,
at least not in a directly available form, in the usual industrial
accounting system." His concern is that the relevant costs may not be
clear tc all those who make policy, creating confusion and inconsistency.
He lays down two criteria which apply to the costs that should be used for

inventory control policy:-

1. The costs shall represent "out of pocket' expenditures, i.e. cash

actually paid out or opportunities for profit foregone.

2. They shall represent those costs whose magnitude is affected by
L

the schedule, plan or policy.

Re—ordering
The stocking policies described above trigger an order either at
a fixed time interval, or at a given re-order level. An alternative is to
assign a "can-order level" to each product, so that when one member of
the family crosses its own re-order level, an order is made for all the

products below their can-order levels. Another way is to calculate the
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value of forecast shortages one leadtime into the future and reorder all
the items when the value falls below a threshold. The policies also give
a choice between a fixed order quantity, and an order quantity that will
bring the stock up to a maximum level. An alternative to this is to make
a joint order from one supplier to take advantage of truck loads, discount
rates and palletized quantities, etc.

A technique of inventory control called '"Coverage Analysis'" by
J. Murdoch (in 52 Ch.9) was deveIOpeé with the objective of minimizing
capital invested in inventory throughout the whole range of stocked items,
subject to keeping the total number of replenishment orders per annum the
same as it was before the introduction of the scheme. Coverage is defined
as the ratio of an item's average stock level to its annual usage. The
technique is based on the proposal that the number of orders placed per
annum should be proportional to the square root of annual sales, because
the number of orders is claimed to be more important than the order size

in reducing the capital investment.

Stratification

In describing loosely the treatment of families of items, the idea
of product stratification, or classification, has been irtroduced.
Products are grouped or considered as families because of their physical
or functional characteristics. But for the purpose of inventory control
it is useful to use other classifications, which may be the kasis for
choosing a stocking policy, a forecasting system, or an economic order

quantity.

The most important classification is by value of annual sales and
'ABC Analysis' is a simple practical example. Class C items are cheap
and make up the largest portion of the stocked range, class B items are

more valuable and less numerous, and class A items are few in number and

valuable. The range can be divided into any number of useful classes
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€.g. in Coverage Analysis there may be ten or more.

The Strategic Checice of Policies

A range of possibilities have been outlined for the control of

inventory, and a guide is now given for applying them suitably. It can

only be a guide since alternative policies may be equally effective, or

the relative costs may change. The choice has been called strategic

because it is made on the basis of factors which do not change frequently.

f

A fixed order policy is suitable for class C items, when
infrequent large orders essentially eliminate the risk of a
stockout. These items are usually only important when there

are none available.

The re-order cycle policy is very common. It is a simple
systematic policy suitable for class B items. Reviews of stock
levels can be made in a regular sequenée,.énd orders placed
jointly with one supplier. A shorter review periodlgives tighter

control over stocks.

For valuable class A items, the sophistication of control need
only depend on what can be afforded in the way of information

gathering and analysis. Usually, a form of re-order level policy

- is used with a continuous stock review, regular forecasts of

demand, and regular reviews of availability.

A policy with a specified maximum stock level can be used to

incorporate a constraint of limited warehouse capacity.

An (s,S) policy is recommended by R.G. Brown (14, p.246) for

items with particular uneven demand.

Coverage analysis is suitably applied to an independent warehouse

when it does not recommend substantial changes in replenishment
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orders. Its main attraction is tle simplicity of application

to a whole inventory.

Choice of Service Level

Having decided on a policy for different classes of items, the
policy variables must be set for each item. The mathematical models of
the policies require either that stockout costs are identified, or that
a level of service is chosen. W. Lamgkin (49) favours the evaluation
of stockout costs for classes of items-which are similar in that respect,
as opposed to finding classes of items which require the same level of
service. By contrast, R.G. Brown (14, Ch.10) does not consider
evaluating stockout costs. He views the choice of service level as a
tactical one, balanced against the total investment required to meet it,
and he suggests factors which may affect the relative propensity to
invest in inventory. The distribution of the investment throughout the
range is seen as a strategic choice, and six alternative rules are given
for it:-

1. The same level of service is applied to each item;

2. The safety stock for each item is set at a level which

minimises the number of back—crders (or lost sales) for a

given investment.

3. The same safety factor ( = safety stock/standard deviation of

demand during the leadtime) is applied to each item.
4. The number of weeks supply is set to determine the safety stock.

5. The safety stock is set to minimise the total number of

replenishment orders that require expediting.

6. The safety stock is set to minimise the expected number of

customer orders that will not be filled from stock.
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For an independent warehouse, rule (2) 1is recommended as being
most appropriate, because it protects the customer service level with

a minimum inventory.

The coﬁtrast between the approaches of Brown and Lampkin is not as
strong in principle as described here. The thecory underlying Brown's
approach does incorporate shortage costs, but simplifying assumptions
are made which make the results independent of them. This is discussed
further in Section 2-3-3. Even so it is easier to evaluate service

levels relative to those of a competitor than to compare shortage costs.

The term service level has been defined in terms of the standard
analyses of the policies. There are other aspects of the warehouse
operation which contribute to the overall '"service'" that is offered to
customers, e.g. emergency action during stockouts, credit allowance,

delivery, extent of product range, and acceptance of small orders.

2-2 Production-Inventory Systems

The beginning of the chain of distribution of finished goods is the
output of a factory, which usually undergoes some quality control
inspection, and is put in the factory warehouse. The function of this
inventory is precisely the same, except that it is more directly related
to the need for stable production. The major difference between the
factory warehouse and the independent warehouse is in the economics of
placing orders. In determining a suitable re-order quantity the cost of
holding stock is balanced against the cost of setting up a batch of
production, as opposed to the order costs. The set up costs are

generally the most important in the model.
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2-2-1 Terminologi

As implied above, the terminology and the control policies defined
for an independent warehouse can be applied in fairly obvious ways to
the factery warehouse, e.g. "stabilization stock'" is a term used instead

of seasonal stock.

J.F. Magee (54, Pt.I) gives a rule for the valuation of inventory
in this situation:- -
"For production planning andzinventory management purposes
the investment value of goods in inventory should be taken as the
cash outlay at the time of production that would have been delayed

if the goods were not made then but at a later time, closer to the

time of sale."

When estimates of future activity are made to decide inventory,
production and employment levels, the '"planning horizon time' is the term
used for the periods over which the estimates are made. They depend on
the leadtimes of internal operations as well as the uncertainties of the

market.

2-2-2 Classification of Production-Inventory Systems

Planning of production and inventory levels is usually well
co—ﬁrdinated, and could even be described as inseparable. E.S.Buffa (17)
makes the distinction.between "continuous" and "intermittent" systems.

He defines a continuous system as one in which demand is in relatively
large volumes of standardized items, and production lines are carefully
designed for them. An intermittent system is one where the production
capacity is very large in relation to demand for any particular item, or
where there is a wide variety of alternative styles, sizes or designs

of a standard product. In a continuous system, the operation is geared

to producing for stock to meet varying demand. In the intermittent
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system, the emphasis is on scheduling production facilities for demand

as it arises. In practice, a system may be classed as predominantly

one or the other, though it may be combination of both.

J. Woodward (in 60, Ch.4) uses a classification of production

processes of three overlapping groups, covering ten distinct classes.

Group I is small batch and unit production, group II is a large batch

and mass production, and group III is process production.

L

J.F. Magee (54, Pt.3) lists some characteristics of sales and

production which affect production-inventory systems, and the following

are relevant here:-

1.

The same total quantity sold in a large number of small orders
can characteristically be supported by substantially less
inventory than if sold in a few large orders, unless the orders

are planned.

Handling large unpredictable fluctuations in sales requires
flexibility and additional capacity in production as well as

carefully designed rules for controlling inventory balances.

The inventory problems of a business are directly related to its
inability to forecast sales with precision. The responsibility
of forecast errors for inventory needs should be clearly
recognised and the control system should be adapted to the typ;

of forécasts possible.

The delay between deciding to adjust a production rate and the
action becoming effective directly influences the size of

inventory needed.

A realistic inventory control system must recognize the

limitations in flexibility which exist in production, inventory
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and customer service needs.

This final point is particularly relevant in this review. Most of
the methods examined already treat items individually, but the interactions

between items produced by common resources cannot be ignored.

2-3 Multi-Echelon Systems

Finished goods usually pass through a chain of warehouses before
reaching their ultimate consumer. The'sequential order is usually related
to decreasing geographical spread of customers, and decreasing size. The
term "echelon" is applied to those warehouses on the same level in the
chain, and the term "multi-echelon system" is used for two or more levels
considered together. So far, the distinction has been made between
independent and factory warehouses, and it is now necessary to consider

the behaviour of multi-echelon systems composed of these elements, and

how they can operate effectively.

The company which produces goods may own (or own companies which own)
the distribution network. Ownership has two significant results for

inventory control:-

1. The company can integrate the operations of individual
warehouses to use its inventory investment more efficiently than
if they operate independently. (This equally well applies to
other aspects of physical distribution, like optimal location of

warehouses, efficient goods handling etc.).

2. The economics of ordering within the company are different from
ordering from an external supplier. In the former case, the
investment in inventory was determined when the factory decided

the production quantity and is not altered by moving it to

another warehouse.
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2-3-1 Ordering Procedures

There are a number of routine procedures for getting the right

amount of stock to each warehouse in the distribution network. For

simplicity, the situation considered here is a two-echelon system with

a factory warehouse supplying a number of regional warehouses, but the

ideas can be extended to more complicated systems straightferwardly.

The simplest mode of operation is for each warehouse to behave

as if it were totally independent, and the comments made about

re-ordering in section 2-1-4 apply.

If the regional warehouses can establish time-phased requirements
for each item, the factory can accumulate them to use as a basis
for planning production. '"Requirements Planning" reduces the

flexibility necessary in the factory for responding to haphazafd

demand.

In a 'base stock system'", each warehouse reports all its sales

to the central supply point, which are then interpreted as
"replenishment orders'. Convenient shipments are made up to
replace all that has been sold. If demand increases, the
warehouse places a '"stock order" to increase its level of safety
stock. The advantage of this system is that the factory is always

aware of the current level of sales.

It is quite possible that the regional stocks will become
unbalanced, i.e. excesses in one region and shortages in another.
This situation can be reviewed periodically by a group with
access to a record of all current stock levels, and least-cost

transhipments can be arranged to correct the imbalance.

In his paper "Multiple Triggers and Lot Sizes'", P.R. Winters (68)

considers the problem of when to start a production run, on the
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basis of stock status at a number of locations. He derives an

expression for the expected cost of inventory during a leadtime,
dependent on the various stock levels. The condition that this
expression is a minimum can be used to test periodically whether

a producticn run is justified.

6. A.J. Gradwohl (37) shows how a dynamic programming model of a
multi-echelon system can be used to give a set of least-cost
inventory decisions. The aqalysis applies to a single item,
and is so complex that it can only sensibly be used on a very

high value item with an economic order quantity of one.

2-3-2 Stability

G. Hadley and T.M. Whitin (39) review alternative approaches to
inventory control, giving particular attention to the analytical models
available. After this they say -

"In studying complex inventory supply systems, one is often
much more interested in the dynamic stability and frequency response
of the system, than in an optimal operating doctrine derived under
the assumption that the stochastic processes associated with the

system are not changing with time."

They then discuss simulation techniques which can be used to analyse

these dynamic characteristics in a specific context.

A description of what is meant by dynamic stability and frequency
response is given by E.S. Buffa (17, Ch.8). The example is a simulation
model of a three-echelon production-inventory system, in which each
echelon operates independently under a conventional periodic review policy.
The respense of this system is tested by introducing a ten percent step
decrease in consumer demand. There is an inherent delay in transmitting

the change to the factory, which is essentially the sum of all the
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intermediate review periods. The effect is that excess stock builds

up throughout the delay, and production has to be cut back substantially
more than ten percent. This action introduces a '"lightly damped"
oscillation in all the inventories. This shows how delays in the system

amplify the effect on the factory of any change in demand.

The effect can be reduced substantially by reporting consumer demand
directly_to the factory, over and above the re-order procedure. The effect
was also shown to be reduced by elimiﬁating the entire distributor echelon
from the system. Lastly, the clerical delays in the original model were
reduced to test the effect of simply speeding the flow of information.

The effect was minor, and the general conclusion was drawn that enly
structural changes will yield major improvements. This means that it is
better to use a control system designed specifically for a multi-echelon
system, rather than to search for optimal policies for individual ware-

houses.

2-3-3 The Push System

It has been shown that there is a need for a method of inventory
control tailored to the multi-echelon system, and while the ordering
procedures of section 2-3-1 partially satisfy the need, the '"push system"
was developed by R.G. Brown (14) to meet this requirement. It is based

on two theoretical results published by K.F. Simpson.

The first paper, '"In-Process Inventories" (66), looked at the
general question of how big inventories should be to achieve optimum
operating efficiency in a base stock system of replenishment. (In fact
it applies to any process-inventory chain). The result is that the
inventory should always be the maximum reasonable demand during a leadtime
i.e. that the service for each inventory should be zero. Translated into

practical terms, it means that to achieve a target customer service level
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with a minimum invento-y, any warehouse must be replenished within a
short and predictable leadtime. (All risk of stock shortages should be
taken at the last warehouses in the network). Nothing has been said
about how to achieve this, but it has emphasized the importance of

dependable supplies.

In the second paper, "A Theory of Allocation of Stocks tc Warehouses!
(65), Simpson deals with the problem of how best to ailocate a given
quantity of stock tc a number of wareﬁouses. He shows that it should be
allocated in such a way that the probabilities of each warehouse selling
a quantity greater or equal to the amount allocated, during the horizon
period, are equalized. After making more assumptions about the homogeneous
nature of demand among warehouses, a general formula is derived for
calculating the best allocation quantity (or 'fair share'") for each
warehouse, dependent on the mean and variance of expected demand. (The

analysis can be applied to a more general problem of allocation of

resources between facilities, to derive analogous results.)

This theory of allocation leads to the fundamental concept of the
push system, which is that given information about the demand and stock
status at a number of warehouses, to be supplied from common limited
resources, a fair share allocation can be calculated for each. It is
natural that the information should be gathered and used at the supplying
warehouse. Thus, the resources are "pushed" out to the field, and the
responsibility of maintaining supply does not rest with the receiving
warehouse. It is in this respect that the push system is different from
the other methods of contrecl described above, which are called '"pull"

systems.

Consider a two-echelon system consisting of a national warehouse and
a number of regional warehouses, where the stocks are termed "master" and

"satellites" respectively. The leadtime in this system is re-defined to
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include only administrative times, transit time and the interval between
shipments. The re-order level at the factory includes a "national

safety stock'" calculated from a forecast of national demand and production
leadtime, to give '"perfect" service to the satellites. At the regional
warehouse, the re-order level is calculated to give a predetermined level
of service to customers. Nationally, when the stocks of a particular

item need review, the regional sales are projected into the future and
compared with the stock on hand, so Fhat fair share allocations can be
made. Shipments can then be built up'from a list of these allocations,

giving priority to those items which are most urgently needed.

The advantages of the push system, which relies on transmission
and processing sales data, can be summarized as follows:-
1. It allows the investment in inventory to be a minimum for a

given level of customer service, in a multi-echelon system.

2. It allows production to be programmed with a view of the

current state of the market, and the real priorities.

3. Stock can be used tactically to obtain the best possible

service from the amount available.

4, It provides a data basewhich can be used to search for available

stock, when it is generally low.

2-4 Summary

The chapter makes a comprehensive review of the various approaches
and techniques available to control inventories. The methods are described
in the context of the type of distribution system in which they apply, and
it is apparent that there is a natural tendency to use information
processing technology in more complicated networks. Stability was

introduced as a highly desirable characteristic of a multi-echelon system,
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and the push system was shown to embody the advantages of all the
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CHAPTER 3

A REVIEW OF THE THEORY OF ORGANIZATIONS

3. Introduction

The more recently developed methods of inventory control for
multi-echelon systems (described in Chapter 2) involve particular forms
of organization. The implication is that these forms of organization are
best suited to the task of control. In this chapter, the theory of
organizations is reviewed to show the relation betweensystems of control

and organizational form. A second purpose is to provide a framework for

studying the present structure of Dunlop's Tyre Division.

To begin with, relevant ideas from the general theory of systems
are outlined, and then organizations are seen as particular types of
systems. The rest of the chapter uses the cencept of '"organization

design" as a framework for the remaining topics.

3-1 System Concepts and Characteristics

The term "system" has been used, up to here, in an every day sense
to mean a method or a set of operations directed to some task. It will
now be introduced as a technical térm, fundamental to an area of study
called General Systems Theory. This in turn is the basis of some

important ideas used in organization theory.

3-1-1 General Terminolqu

A "system" has been defined by R.L. Ackoff (1) as a set of inter-
related elements, i.e. something composed of two or more elements, witk

each element related to another in some way. S. Beer (10) gives four
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characteristics by which '"viable" systems can be recognised:-
1. They cohere within some frame of reference;

2. They survive through time within some appropriate

definition of continued identity;

3. To achieve this they prescribe to themselves certain rules
of equilibrial activity which are tolerable to continued

f

existence;

4, They assimilate their experiences into self-regulating

processes of learning, adaptation and evolution.

The state of the system is the set of its relevant properties. The
environment of the system is the set of elements and related properties
which affect the system, but are not part of it. A closed system
effectively has no environment, whereas an open system does. The boundary
of the system is essentially the distinction between elements of the
system and those of the environment. The effect of the envirorment on

the system is termed the input, and its response is termed the output.

The generality of these definitions (e.g. no restriction has been
placed on the terms element and relation) indicates a high level of
abstraction and, correspondingly, a wide range of applicability. But
it i1s also claimed that the range of systems concepts provide a 'way of
thinking" ér an "approach" for scientific investigation. The essence of
the '"'systems approach' is that of wholeness or holism. Usually contrasted
with the reductionist or mechanistic type of analysis typical of the
principal scierces, it lays emphasis on considering the function and
behaviour of the system as a whole, and taking account of the influence
of the environment. It is not a rival approach, but a complementary one

L.von Bertalanffy (11) says that the approach has been particularly
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successful in interdisciplinary research, and in studying the behaviour

of organisms.

Many special terms are vsed in the literature of General Systems
Theory, and some more relevant ones are introduced here. A feedback
mechanism uses the output of a system, or information about the output,
to affect the input in a specified way. A negative feedback mechanism
tests the output against a standard, and affects the input so that the
output tends tcwards the standard. This principle, which is closely
allied to that of control and dynamic equilibrium, is often described
as "error-compensating'" or 'self-correcting'. Applied tc living organisms,
the principle is called homeostasis, where the mecharism is not usually

explicit.

Variety is defined as the number of possible states of affairs of
interest of a system. A priori, there is a corresponding amount of
uncertainty about the actual state of affairs. If constraints or
relgtionships are‘imposed on the system, the variety reduces, and so
does the uncertainty. According to the laws of Thermodynamics, there
is a tendency in a closed physical system for entropy (i.e. chaos or
disorder) to increase. An open system characteristically takes ir
energy from its environment to maintain itself, to grow, and to become

mcre complex. It is said to import "negative entropy'.

Differentiation is a form of adaptation in which part of the system
becomes more specialized in order to perform particular functions more
effectively. (An obvious example is the division of labour) As a result
the system becomes more complex, and less homogeneous, so it must solve
the problem of co-ordinating the specialized parts. This necessary

counterpart to differentiation is called integration.
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3-1-2 The Feedback Loop Model

One major area of interest of General Systems Theory is the dynamic
behaviour of complicated systems. J.W. Forrester (26) developed é general
approach tc investigating these characteristics using the feedback loop
as the basis element of a general model. He distinguishes two types of
variables called rates and levels. A level variable is a stock or
accumulation of some conserved commodity. A rate variable represents the
level of activity resulting from some ;xplicit or implicit policy. The

feedback loop consists of a commodity flow into a 'level' controlled by

a "rate'.

The rate variable is determined by four components:-

1. The standard or goal of the loop;

2. The observed conditicn, which is information about the

current values of level variables;

3. An expression of the discrepancy between the standard and the

observed condition;

4. An algebraic statement, representing the dependence of the rate

on the discrepancy.

To apply the feedback loop model, it is necessary to define a
boundary to the study which includes all the components which are
interacting to gererate the behaviour of interest. Forrester gives a
test of independence to distinguish between level variables of the system
and of the environment. It ensures that the effect of the environment is

not structural, and so the boundary is called closed.

To summarize the model, four hierarchical levels can be
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identified:-
1. The closed boundary;
2. The feedback loop structure;
3. Rate and level variables;

4. The local standard, the observed condition, the discrepancy

and the action.

The order of a system is defined as the number of level variables
required to model it. The links between the feedback loops in the model
are represented by coupling equations, wkich are in general non-linear.
A complex system is defined as a high order, multiple-loop, non-linear
feedback structure, which represents a very wide class of systems.
Forrester (30) identifies a number of behavioural characteristics which

seem to be common to complex systems, and they are summarized here:-

1. Counter-Intuitive Behaviour - Most of the solutions to problems
which appear tc be sensible intuitively will

not give the expected results.

2. Insensitivity to Parameter Changes - The dynamic characteristics
of the system will not be affected significantly
by changes in most of the parameters. This is

alsc true of most changes in policy.

3. Control through Influence Points - The system will be sensitive
to changes in a few parameters and to some
structural changes. These are not usually

self-evident.
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4. Long Term versus Short Term Response - Changes in a system
commonly cause short term responses in an

opposite direction to the long term effects.

3-1-3 The Five System Hierarchy

In contrast to the feedback loop model which can thecretically be
used to represert any complex system, S. Beer (7) has developed a
sirgle model of a whole class of systgms through his study of Cybernetics.
More specifically, it is a model of tﬁe elemerts of control and
communication of any viable system (as defined in section 3-1-1). A
viablq system is capable of withstanding unanticipated shocks or
perturbations, and primary examples are animal life forms. He claims
that the model is an abstraction from the animal nervous system and that
its elements are a necessary and sufficient representation of the
information and control mechanisms of any viable organization. These
elements may not be distinguishable entities in any system, but their

functions must be present.

A viable system contains a number of activity centres which deal
with the environment in some wey. For the moment these can be thought
of as '"black boxes'". A "'system one'", the first in the hierarchy, has
the function of planning and programming one of the activity centres.
See figure 4. The job of '"system two'" is to monitor and co-ordinzte
the behaviour of the separate activities, so that their interaction is
balanced. It must also be aware of how the plans are used by the systems
one, and how they can be modified to meet the objectives of the system as

a whole, while mairtaining the balance between them.

System three has the overall respcnsibility of maintaining systems
one and two by strategic and tactical planning. As well as receiving

regular information about the activities, it can inquire about specific
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aspects of the activities in detail. System three alsc reports the
routire summaries of operations upwards to system four. The general
function of systems two and three is to integrate the specialized

(differentiated) activities controlled by systems one.

The general function of systems four and five is normative planning
(i.e. choosing operational cbjectives) for the whole system. System five
has the responsibility for making policy using a model of the environment,
while system four provides system fivé with the required intelligence
about internal and external events, and transmits policy decisions to

system three.

The activity centres may themselves be viable systems, and if so,
they can each be modelled by the five system hierarchy. The organization
may be an activity centre within a larger viable organization. This
leads to the concept of the recursive nature cf the model, i.e. that a
viable system is itself composed of viable systems. A result of this is
that to a large extent viable systems are self-regulating and self-

organizing.

3-2 System Simulation

A model is a representation of some characteristics of an object,
system or idea in some form othef than that of the entity itself. It is
usually a simplification, concentrating on the aspects of interest. A
simulation model is essentially a theory describing the structure and
inter-relations of a system, which demonstrates its dynamic characteristics.
The feedback loop model of section 3-1-2 is the basis of a simulation
technique developed by J.W. Forrester (26) called "Industrial Dynamics'.

It is capable of modelling complex systems which canrot be dealt with by

mathematical analysis, and it is particularly suitable for analysing

industrial control systems. The DYNAMO compiler was developed to simplify
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the programming of such models.

However, its application is a major project which, according to
K.J. Schlager (63), requires an operationally practical information
system, practitioners experienced in using the technique, and continuing
support from all levels of management. Some of the original studies

took several years to complete.

3-3 Organizations as Systems

Implicit in the preceding descriptions of general systems was the
idea that an organization is a type of system. R.L., Ackoff (1) gives
a quite complicated definition of an organization. It consists of
elements that have and can exercise their own wills (i.e. people), has a
functional division of labour, has communicating parts, and has at least
one part which controls the rest of the system. He considers Cybernetics
to be concerned only wifﬁ "organisms'" which do not have elements with
wills of their own, but S. Beer (7, Ch.11) sees it merely as a weakness
of the model that its elements are self-conscious. Instead, Beer
distinguishes between viable organizations and institutions, an institution
being dependent cn external sources for direction and survival. Katz and
Kahn (48) 1list a number of consequences of viewing organizations as
systems. They emphesize the dependence of an organization on its
environment for materials and human resources, and that it is vital to
study the environment. They also say that organizations try to maintain
their stability by using protective devices and by moving towards tighter

integraticn and co-ordinztion.

Emery and Trist (5, Ch.10) develop the theme of the effect of

organizational environment, by classifying the market in the following
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way:-

1. Placid-Randomized - This represents the classical economic
market of perfect ccmpetition, which is predictable

and well behaved.

2. Placid-Clustered - Imperfect competition results in a less
stable environment, where the right strategies

are important. |

3. Disturbed-Reactive - There is a significant competitive
challenge and the market is dominated by a small

number of large firms.

4. Turbulent fields - Dynamic processes cause large changes in the
environment, requiring strategic and tactical
plarning. There is a great deal of uncertainty
about the féaction to plans, and a reliance on new

technology to meet the challenge.

They introduce the concept of ''causal texture', in addition to open
and closed systems, to describe the strong interaction betweern the

organization and its environment.

3-4 Analysis of Organizations

It is appropriate to begin this section with a definition of
organization, to fix ideas. J.R. Galbraith (32, p.3) gives a suitable
one, which is similar to Ackoff's. An organization is -

1. composed of people and groups of people;

2. in order to achieve some shared purpose;

3. through a division of labour;

4. integrated by information based decision processes;

5. continuously through time.
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A considerable amourt of literature has been devoted to the
question of whether there is a best way to organize, or whether
organization is determined by its objectives, processes anc environment.
Lawrence and Lorsch (50, Ch.8) review the work of six authors on this
subject and come to the conclusion that -

"These studies offer a formidable body of evidence
that organizational forms must depend on the task and

f

environmental conditions."

J. Child (20) reviews the schools of thought on the effectiveness of
management structure, whichrelate it to -

(a) technological implications;

(b) environmental requirements;

(c) the effect of size; and

(d) motivational effects.

His conclusicn is that any of.these approaches oversimplifies the
situation by identifying only a few factors for investigation. He also
considers a methodological limitation of the research to be simply that
there is an inadequate conceptualization cf management structure, which
empirical research cannct overcome. T.L. Whisler (56) discusses the
impact of information technology on organizational control, and summarizes
it as centralizing control sfructures and scrambling the power structure

among functional depzrtments.

Contingency theory was formulated in an attempt to resolve the
limitations of these approaches. It says -
1. there is no one best way to organize; and

2. not all ways to organize are equally effective.

J.R. Galbraith (32) introduces the idea of organizational design as the

search for a fit between organizing modes (see section 3-4-2) and
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integrating individuals into the organization, to further its objectives
in the broadest sense. He assumes that the orgznizing modes are common
to all organizations, and thet these must be combined with -their unique
aspects when formulating a design. His position is that there are

significant areas of choice in the structure or organizations, and that

the choice should be identified and made consciously.

Galbraith refines the idea of organization design by taking it to
include the strategic choice of polic& variables in five distinct, but
inter-related, areas. This is summarized in Table 2, and it provides
the framework for the rest of this section. The first sub-section
reports the views of an economist on the objectives of an organization
and its relation to its environment. The second deals with the relation
between task uncertainty and organizing modes. Finally, Cybernetics is
reviewed as an analysis of information and decision processes. '"People"
and '"reward systems" are not considered relevant to the development of

this argument.

3-4-1 The Technostructure

J.K. Galbraith (34) considers that the majcr influence over the
changing nature of industrial organizations in the twentieth century
has been the increased technological sophistication of their products.
This increased sophistication produces three main effects:-

1. The time needed to research and design new products is
increasing and the resulting commitment of capital to
development is large. This long term commitment requires
long term stability and plarning, so the organization must
find ways of minimizing the risk inherent in the process.

It can do this by influencing ccnsumer markets, assuring
markets by contract, or by vertical integration of supply

and demand chains.

- 46 =



TABLE 2

THE CONCEPT OF ORGANIZATICN DESIGN

Area of Strategic

Organization Design

Choice Policy Variables
(1) Task Diversity
(Resulting from choice of { Difficulty
domain and objectives) Variability

(2) Structure

(Organizing Mode)

Division of labour
Departmentalization
Configuration

Distribution of power

(3) Information and

Decision Processes

Decision mechanism
Frequency
Formalization

Data base

(4) Reward System

Compensation system
Promotion basis
Leadership style

Job design

(5) People

Promotion
Training & Development
Transfer

Selection
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2. Technologists and applied scientists are necessary to the
functioning of the organization. A large number of decisions,
and all the important ones, draw on expert knowledge
possessed by more than ore man. So the organization is
guided essentially by a hierarchy of committees of experts.
Galbraith defines the technostructure to be all those who
participate in this group decision making, or the organization

which they form. ik

3. Organizations grow and become mcre complex. Size is necessary
to withstand the residual risk which carnot be eliminated by

other methods.

In discusging industrial organizations, Galbraith asserts that the
pre—eminent goal is survival. This implies that an organization is
primarily concerned with preserving its autonomy by securing a minimum
of earnings. He says that the overwhelming choice of the second goal
is for the greatest possible rate of corporate growth, because it is

the best defence against contraction.

3-4-2 Task Uncertainty and Organizing Modes

In his book "Organization Design'" J.R. Galbraith (32) sets out

the relation between task uncertainty and organization design. Task
uncertainty is defined as the difference between the amount of information
required.to perform a task and the amount possessed by the organization.
The information required to perform the task is referred to as the
complexity of the task. Galbraith postulates that -

"the greater the task uncertainty, the greater the

amount of information that must be processed among

decision makers, during task execution, in order

or achieve a given level of performance."
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This in turn leads to the hypothesis that the observed variaticns in
organizational forms are variations in "organizing modes' which -
(a) increase the ability to pre-plan or make decisions about
activities in advance of execution;
(b) increase their flexibility to adapt to the inability to
pre-plan; or
(c) decrease the level of performance requi