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ABSTRACT

This research was spawned by the questions and answers from the 33rd
report of the committee of Public Accounts session 1983-84. The Key

to the ensuing arguments about the report hinged on 3 words "Best
Commercial Practice". In order to deduce a baseline the présent systems
of public and private concerns were investigated to find out what is
actually being done. The thesis research examined what is actually
happening today and invcertain instances where companies have been
prepared to speculate (and be opén) what they believe they will be

doipg in the future. A review of the American and Germany Army systems
haébbeen included to ensure that the question 'best practice' could be
examined between other systems having identiéal constraints. The research
includes both new and old literature by both academics and practitioners.

of the science of inventory.

The hypothesis is that inventory is regarded in the singular whereas for
all large concerns it should be considered in the plural, how the plural
should be defined, what and how these sub inventories are and how theyf
should be identified. The hypothesis whilst proven has the caveat that
it 6nly relates to inventories which are subject to similar structures

and constraints.

The effect of implementing the hypothesis in a working environment,
possible areas for future work and research, largely due to the embryonic
-technical bréakthroughs in information technology are examined briefly.
The recommendations and conclusions represent an alternative approach to
inventory‘control and forecasting not previously covered by either

theoretical or practical work.
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GLOSSARY OF TERMS/NOTATION

ABC

Annuality

BASRARS

CICP
Classification
Close Theatre
Maintenance

- COD

Combat Supplies

Depth of Stock

DGLP(A)
DGOS

DMC

DP

DSM(A)

EMPS /EMPL
EOQ

Fast Moving
FQD

FsC

FUD

Inventory

Stock analysis partly based on Pareto.
The budgeting system employed by the treasury is

balanced and reallocated on an annual basis. No carry
forward of unspent funds is allowed.

An internal MOD Study (Classified Secret).
Central Inventory Control Point.

The categorisation of inventory into sub elements for
management purposes.

The generic term describing the Field Force operation.

Central Ordnance Depot. A Primary Depot which fulfils
a wholesale function. The depot invariably fulfils a
retail function also.

Fuel, Ammunition and Food.

The stock level divided by the off take. Expressed
in weeks/months or years.

Director General of Logistic Policy (Army)
Director General Ordnance Services

Domestic Management Code. The code grouping NSNs into
controllable units. '

Distribution Point.

Director Supply Management (Army).

Equipment Management Policy Statement/Letter.
Economic Order Quantity.

Greater than 4 issues per year.

Forecast Quarterly Demand.

Federal Supply Classification.

Force Unit Designator.

Stock held to support the primary function of the com-
pany. The stock itself does not generate profit.



Item Heading
MOD

Normal item

NSN

Operation
Overlord

PAC
PFS

PRF

QMe
RAOC
RCT
RD
REME
ROCE

ROL

Secondary Depot

Service Level
Slow Moving
SPS

SQD

Unique Part, NSN, Stock Keeping Unit.
Ministry of Defence.
A medium~-to-fast moving item with data adjusted for

seasonality or growth. In most situations where con-
sumer products, especially perishable goods, are being

"~ distributed these normal items account for between 75%

and 957 of all sales.

NATO Stock Number.

‘The code name given to the Normandy Landings.

Public Accounts Committee.
Priority Freight System.

Provision Review Form.
for provision analysis.

Computer generated document

Quarter Master General.

Royal Army Ordnance Corps.

Royal Corp of Transport.

Recurring Demand.

Royal Electrical Mechanical Engineers.

Return on Capital Employed

Re-Order Level.

The status given to a distribution depot. The depot
either serves a Theatre or a discrete customer.

Demands are placed directly on Primary Depots.

The level of availability that a customer can expect
to receive when placing a demand.

Less than 4 issues per year.

Standard Priority System.

Scaled Quarterly Demand.



Stock Out

Stock Turn

System 3

TDC
Tértiary Depot
Theatre

Uof N

URS

The total exhaustion of owned, visible, stock which
then necessitates procurement action.

The ratio of annual sales/average stock level.

The latest redesign of the RAOC Stores System. Now
redesignated 'The Stores System'.

Total Distribution Cycle as defined by the Physical

Distribution Managers Handbook.

An "RAOC manned stock holding unit in direct support of
a set of customers. Noramlly all stock is held on
wheels. ‘

A geographic area treated as a block. This area many
contain more than one sovereign state eg North West
Europe.

Urgency of Need.

Unit Repair Scale.
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CHAPTER 1. INTRODUCTION

1,1,  Reason for Study

The Royal Army Ordnance Corps (RAOC) is the supply corps to the
British Army. The Corps was formed by the amalgamation of fhe Army
Ordnance Department and the Army Ordnance Corps in 1918. It is
responsible for all aspects of what in modern terminology is defined
as the Total Distribution Cycle with the exception of the Transport
element. The TranSport function was separated from the Ordnance
Department iﬁ 18i6. The Corps as an entity should not be compared
with any civilian organization. The range of products which are
‘stored or supplied forward, range from a main battle tank, the fuel to
drive it, the ammunition for its main armament down to the smallest
nut or bolt used in its assembly or required to maintain it. The RAOC
operates a distribution supply chain dealing in Both wholesale and
retail quantities to all areas within the world where British garri
sons exist in Peace. At short notice in the event of war it must be
capable of extending its supply chain to any aréa where conflict may
warrant the deployment of British forces. 'In addition some of its
commodities must be supplied to the other two servipes and to those
governments with whom support agreements have been ratified. The
customer service it strives to maintain in both peace and war can
resﬁlt in defeat or victory if it is not maintained at the highest

required level. The cost of maintaining high service levels is a
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recognised fact and many profit orientated companies have by careful
manipulation, at some cost to their customers, reduced their stock and
and service level. This apparent good housekeeping has not gone unno-

ticed in government.

It has become increasingly fashionable to compare the performance of
distribution systems, not only with laid down company objectives, but
with the published figures of other companies or similar enterprises.
These comparisons which occasionally result in strategic changes in
company policy are often made without any investigation into the
constraints and operational criteria between the two or more bodies
being compared. The British Army supply system and to be more speci-
fic, that element operated by the Royal Army Ordnance Corps (RAOC) has

recently been subject to comparison with best commercial practice.
Committee of Public Accounts 83/84.

No definition of best commercial practice appears to be available.
The area of Distribution which falls totally within the control of the
RAOC, subject to political and economic interference, is inventory
control and forecasting methods. The research for this paper has
therefore concentrated on reviewing the inventory control and fore-
casting methods of the RAOC and Public sector companies and best com-
mercial practice in Private sector companies. Within the thesis,

inventory will be regarded
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as any stock which is not held directly to generate profit but is
maintained to support primary operations. It therefore follows that

the total number of customérs are limited and in the main have a
degree of influence over what is or should be stocked. The customers

~will in addition have few alternative sources of supply.

1.2. Aims

The thesis examines in detail the application of inventory control and
forecasting methods employed by the RAOC, other bodies and Private
companies. This investigation examines the nature of the business,
the policies if any that are pursued, the methodologies employed and
the results achieved. Prior to comparisén7the thesis attemﬁts to eva-
luate why such practices are employed, whether they are successful
and what other options could or have been pursued. The main aim of
the thesis is to examine the effect of alternative policies with
regard to stock levels, customer service and economic factors. Whilst
pursuing optimum inventory policies the thesis is confined to inter-
national conglomerates where the risk of stﬁck out can and does have
catastrophic effect. It does not therefore offer an optimal solution

for all inventories.



1.3 Objectives

In order to achieve the aims a series of objectives were developed and
redeveIOped during the research. Some of the research objectives were
found to stray beyond the initial aims, where these have been found-fo
be irrelevant they have been noted but not written up. This decision
was made after the number of false routes became significant from a
volume of manuscript viewpoint. Their exclusion does not bias the
thesis for or against the final conclusions. In the main this exclu-
sion refers to the investigation of other companies whose activity was
either too small or too discrete and specialist to warrant further
investigatioﬁ. Their individual invenfory control and forecasting
techniques are the same as one or more of the companies that have been

included.

The first objective for each company or system was to examine the
rationale behind the current system. Had it evolved or was it plan-
ned? Who knew about it and who managed it. Was its performance

measured, how, by whom and why.

The second objective was to identify what known internal and external
constraints did the system operate under. During this identification
process the levels of knowledge of the inventory and its interfaces

were assessed at as many managerial levels as possible.
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The third objective was to define what terms of categorisation were
being employed in large inventories and what these were used for. It
was iqportant that the cost of categorisaﬁion, not only financial, was
evaluated. This objective was redefined to include an examination of
whether constraints were peculiar to single categories -or groups of

categories and whether these had been or were identifiable.

The above objectives were used in the preparation and sorting of
-research companies in order to assess their relevance for comparative
purposes. Companies were assessed for their similarity of environ-

ment, key variables and constraints.

The fourth objective was to catalogue all those methods that were
available for inventory control and forecasting which had been applied
to similar inventories. This research was carried out on an inter-

national basis and was not constrained.

The fifth objective was to analyse those methods used by the research
companies to ascertain whether these differed from RAOC téchniques and

if so why.

The sixth objective was to experiment with alternative systems with a
view to propounding an alternative forecasting and inventory control
system. This objective was redefined when the research revealed a

failing by all companies to effectively use a classification system.
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The research experiments then focused on building a model which would

increase the efficiency of inventory control systems.

The final objective was to test this alternative system and evaluate

its efficiency in comparison with those systems currently employed.

This objective produced the data from which the recommended action and

conclusions are drawn.

The aims of conducting the study are summarised as:
a. - To identify whether the RAOC system is comparable with com-

mercial companies.

b. To examine alternative Inventory Control systems propounded
and used by the leading British companies with similar sized

inventories.

c. To investigate the practical application of forecasting
and inventory control methods within the distribution and

engineering environment.

1.4, Methodology.

1.4.1. This thesis reviews the present and past systems operated by
the RAOC. The RAOC inits entirety performs more than just a supply
chain function, the review covers those elements of the RAOC which

impinge on the RAOC inventory in order that additional constraints not
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readily apparent may be identified. It is not intended that all RAOC
functions are discussed and in particular complete equipments such as
vehic{es, whilst held as stock items, will be excluded from the study.
Only those items managed by forecasting formulae are included and

by this limitation all Combat Supplies(l) and those complete equip-

ments dealt with by thé BASRARS(2) study are

-excluded. | The examination whilst reviewing the structure of the
organization does not attempt to offer any alternative organizational
Astructures. It concentrates on identifying the restricting factors
under which the system must operate. This investigation includes

System 3,(3) the new computer software, a full description is contained
in the RAOC publication System paper number 29. '

1.4.2. Having identified the size, operating systems, functional
activities and constraints, a literature search aimed at viewing the
possible alternative methods available was carried out. This litera-
ture search was confined to clarifying the main questions raised from

the identification of comstraints within the present system.

Note 1. Combat Supplies are those daily needs of a soldier to

fight a war. Ammunition, Food, Petroleum Oils and Lubricants.

2. BASRARS. A studykdealing with war needs for complete
equipments (Tanks, APCs) and Ammunition stocks. These stocks
are held in addition to the normal inventory.
3. The name given to the complete éomputer programme which

controls the RAO?)inventory and forecasting.
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As a literature search in its purest form no attention has been taken
as to whether the authors Bave effectively implemented their systems.
Tﬁis section may therefore be regarded as what people say. The inven-
tories .that the literature search covered have not beeen limited in
any way. This allows the thesis to cover options which would normally
be screened out by pre-supposed limitations. The literature search
has in addition examined key areas of forecasting and inventory
control covered by recognised leading authors. This search highlights
the major ambiguous areas within the general subject of Distribution.
These ambiguities have where possible been clarified in order that
there is no doubt as to the types of Inventory, Policy, constraints,
forecasting and control systems which are under review. Additional
subjects which broadened the research or hypothesis were examined and
discussed and then either implemented or discarded. The literature
covered does not relate to any particular decade but has been drawn
from those publications considered reievant and stili available in

print.

1.4.3 Approaches were made to companies and othef armies who
appeared to Opefate similar systems to the RAOC. These companies
systems were then analysed to ascertain what actual principles, objec-
tives, poliéy and formulae were used or are being implemented. This

section covers what people do. Having identified several major

constraints further examinations of several public and private sector

)
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organizations have been carried out. These were chosen initially on
their apparent similarity of role to that of the RAOC. On closer exa-
minatipn where it was found that they were unsuitable the research was
continued up to the point where it could be proved that they could
not be compared. Due to the size and complexity of the RAOC system
few commercial organizations are of comparable size. Where comparison
has been deemed feasible the company is compared with all or that ele-
ment of the RAOC inventory which it most represents. Each organiza-

tion's forecasting and control techniques has been examined.

1.4.4, The hypothesis regarding comparison, inventory control and
forecasting was postulated from the research >ana1ysis carried out
in both the literature study and from the participating companies. The
hypothesis concentrates on whether comparisons are feasible an& if
they are not what alternative methods could or should be used. The
hypothesis regarding inventory control is based on the classifi-
cation of parts and whether the forecasting of these parts can be
iﬁproved. The RAOC inventory is large and complex, the budget to sup-
ﬁort it is continually decreasing in real.value. Much of the inven-
tory is slow or non-moving. To enable the available mohey to be spent
prudently on those items which are required for Peace and War the
inventory coﬁtrol system must be able to differentiate between what

must be bought and what is less important. This problem is not pecu-
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liar to RAOC but no efficient system is available today to enable the
identification of those parts which are more important than others.
The hypothetical solutions to these problems have been examined on their

practicality and effect.

1.4.5 Any inventory whether it be that of the RAOC, a multinational
or a small company is a vital element of the day to day survival of
the gnterprise. | It cannot be placed in suspended animation whilét
ekpe?iments are carried out nor can new ideas or formulae be run in
real time with real money. As Ackoff so clearly points out 'These
systems are genefally difficult and frequently impossible, to manipu-
late and control in their natural environment for experimental pur-
péses._ Even where experimentation can be conducted and may succeed,
.the risk to the company 1is usually prohibitive'. All of the models
used in the testing of the hypothesis have been based on the OR scien-
tific approach where P = f(Ci, Uj). P = A measure of the systems
overall performance and F = the relationship between a set of
controlled aspects of the system (Ci) and a set of uncontrolled

aspects (UJ).

In order to simulate‘and test the hypothesis, samples from the RAOC
inventory and from the study companies were taken. The hypothesis was
tested against these samples. A statistical analysis of trends in
demand patterns and lead times was also carried out. The data

collected was subjected to analysis with the indentifiable variables
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being allowed to exceed their present constraints. Known RAOC variables
are covered in the functional specification for System 3.

Special emphasis was placed upon the safety stock and war main-
tenance reserve elements of the inventory holdings. Where possible
from past data the effect of change, from peace through‘tension and
finally war, on lead times was examined. In this context lead time
was redefined to cover both manufacturer and cuétomer lead time calcu-
lations. The research aim was to identify a simple system of classi-
fication for inventory. This classification enables the attributes of
alternative forecasting principles to be assessed. Risk analysis and
a review of forecasting methods forms the backbone of the research
element of the paper. The main arguments are based on the concept
that a spare is born, suffers a period of life and then dies. This
conceptAis not new and it is arguable that there are more phases.
Each phase of the concept were examined and variations tested. The
risk of stockout under each set of conditions is quantified. This
risk is further analysed and attempts have been made to define degrees

of risk which could be contemplated.

Having deduced some form of clasgification past data from periods of
peace, tension and high usage periods have had alternative systems
imposed upon them. This simulation was then compared with the real
,déta and the possible benefits identified. Life time requirement
decisions for spares has also been considered at this point. Data has

been drawn from normal items and those areas of high technology where
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the manufacturing period is short. Examples have been drawn from

those equipments using micro chip technology.

Using éamples of the same data collected for‘risk analysis and simula-
tion the current operating procedures of those companies chosen for
comparison have been substituted for the military procedures. From
the results a comparison of stock held and costs‘incurred was carried
out. Special attention has been paid to any system which increases or
decreases the risk of stockouts. These comparisons on companies who
have similar operational constraints to the RAOC forms the second sec-
tion, that of the comparative element of the thesis. The dictates of
Customer Service or individual systems forms part of the evaluation of
the credibility of alternative systems. Whilst customer service for
each company/organization used in the thesis is defined the base line
for service will be drawn from N Maw, E Landau and M Christopher et

al.

Conclusions/Recommendations. The conclusions/recommendations of the

thesiswill draw together the findings of the comparative elements of
the thesis and identify the ﬁajor areas of possible improvements. No
attempt will be made to quantify the costs of implementing new systems
but the expected benefits will be itemized. Areas for further study

will be identified.



CHAPTER 2 THE RAOC SYSTEM

2.1 Introduction

The RAOC is a large multi functional organisation. The inventory and
its control represent a small element of the overall objectives which
the Corps must achieve. Viewed in isolation, as it sometimes is, the
inventory may appear to receive less than adequate attention. It is
necessary therefore to have an overview of the corporate body in which

this inventory forms a part to appreciate the other elements which

create a demand on finite resources.

There are both uniformed and civilian manpower within the Corps and
‘these are deployed throughout the world. The map at Figure 2-1shows
the main areas of concentration but individuals are deployed in every
Western country. To fill these posts the Corps employ 1,135 officers
and 6,856 soldiers who are supported by 14,343 civilians. In addition
there is a Territorial Army element which in wartime would boost these

numbers by an additional 95 officers and 1,733 soldiers. The total
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peacetime ménpower required to run the Corps comes to 24,162.
Comparisons are always difficult but it should be remembered that this
workforce is all in Distribution related employment. With over 3
million issues per annum to its 12,000 stockholding customers (retail
outlets) the workload appears large. This however represents’only
issues made from the stores inventory. There were 16,447 vehicles
issued in 1986, 13 million issues of forms and publications and 53,731
Tons of Ammunition. The total value of the complete inventory is in a
vconstant state of flux but a snapshot of the UK holdings in 1987
valued the 'on the shelf' stores at. £2,179 million pounds. This was

broken down as shown at Fiqure 2-2.
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Total Value of Stores UK only
Figure 2-2

e General Stores 81.1
FOLS A

p hive e}
Forme & Pubs 21 fs——wme=—’ 7 Clothing 88.0¢
Vehicles 348.?7

MT Spares 392.32

Technical Stores 620.28

Ammuniticn $38.42
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The complete inventory is not controlled by a single system ﬁor are
all items demandable. Ammunition for example is tightly controlled
and customers receive an allocation for training and are reserved a
given quantity for war. The war quantity is held in Theatre close to
the units. The holdings are assessed from expected rates of fire
based on the weapon system integration in the envisaged conflict and
actual usage rates, in historical conflicts. This form of assessing
stocking quantities has been applied to ammunition (including all
natures of guided weapons), vehicles, fuel and food. All of these
products fall outside the scope of any public or private organisation
and have been excluded from the study. Forms and Publications whilst
making a large proportion of issues do not operéte in a normal supply
and demand environment. Firstly many of the supplied items are issued
against a scale and no demand is necessary. Secondly a budgetary
system exists which allows short issues with no follow up back order.
For these reasons this element has also been excluded. The balance of
the inventory which forms the essential element of the study repre-
sents 58.9%7 of the UK Inventory value. To attempt an indication of
the size of the problem the RAOC hold 298,300 vehicle spares to sup-
port a fleet of 101,518 multitype and purpose vehicles. General
Motors carry approximately 118,000 in their inventory and UNIPART

approximately 125,700.
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Comparison of Vehicle Spares holdings

UNIPART 2.4%
18 a8t

M 100X

RADC 713X

In the innovation and implementation of modern distribution concepts
the RAOC have in ﬁany instances led the commercial world. Public
bodies are always under scrutiny to achieve savings but thése must in
the main be achieved without detriment to the levels of service.
Whilst public bodies are non-profit making their pérformance ratios
must be credible. Doing more with less is best illustrated by a com-

parison of manpower and issue activity over the decade 1975 to 1985.and

this is shown at Figqure 2-4,
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= Military and Civilian Manpower Strength
--------- = Issue Activity

AN .
/ ~ L4

30.1K 3.3m Issue
Activity Per

Annum

2.7m 22.6K Manpower

75/76 76/77 77/78 78/79 79/80 80/81 81/82 82/83 83/84 1 Jan 85.
Figure 2-4

The RAOC practices in Peace for what it must do in War. The systems
and manpower must be available at short notice to undergo a major
transition in stock usage which it is envisaged will occur in the
escalation of Tension period. Whilst it is anticipated that there
will be a major surge in demand for much of our stocked items the
major increase in demand will be confined to Ammunition, Fuel and
Food., These items collectively known as combat supplies will form the
bulk of the tonnage issued and moved in War. Spares will be provided
through the static supply chain forward to the mobile supply elements

which will attempt to move with the fighting formatioms.
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2.2 Structure

The organizational structure of the Corps to allow it to function
efficiently is largely dictated by the role which it must fulfil. The
role of the RAOC is to supply the Army in both peace and war. Disregard-
ing the management structure the Corps can be loosely divided by the
two widely separate condit;ions in which it must operate. Generally
the Peace element of the Corps role is fulfilled by the two large sta-
'tic‘ Central Ordnance Depots at Bicester and Donnington. These two
depots hold between them some 840,000 separate item headings. The
depth of these holdings ranges from tens to tens of thousand indivi-
dual items. The concept of maintaining large stocks of material in
the United Kingdom is based partly on historical events and partly on
the need for flexibility. Historically there are two major events
which still influence the rationale of the system. Firstly the
Dunkirk mentality stipulates that never again will so much material be
committed to an overseas theatre without an adequate reserve in the
home base, this policy is of course tempered by the need to have
spares in strategic locations. Secondly the logistic system used
during Operation Overlord in Normandy was so successful that the
system has remained ever since, albeit with some improvements. The
system known as Close Theatre Maintenance was based on small RAOC

units following closely the fighting elements and resupplying them



with fast’moving stores*. After consolidation an advanced or Forward
Ordnance Depot would then be set up to supply a far wider range of
fast moving stores and hold a reserve for the smaller units. Items of
supply which were not classed as either fast moving or essential

would be supplied by the home base from Base (now Central) Ordnance
Depots. These large Ordnance depots would in addition hold reserves
of all items held forward in order that the loss of forward stores
holdings would not have catastrophic effects. This system which has
been modified and updated, mainly through the advances of com-
munication and transport technology, is known as the stockage support

system. An overview of the current deployment is at Figure 2.5

*Fast moving stores — Those stores considered essential to maintain

the efficiency of the fighting formations.
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‘RAOC SUPPLY CHAIN
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Figure 2-5

The need for flexibility by the RAOC supply system ié dictated by
government pblicy and world crisis. The supply system must react to
the needs of the army and these needs are mainly dictated by the
Defence white papers and Foreign Office poiicy. The British army has
fought since the last war in almost every type of climate from the
scorching sun of Aden, the jungles of Malaya, to the freezing wastes
" of the Falklands. This drift in the Theatre of operations makes it

imperative that large stocks of equipment for many types of conflict
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in varying Theatres are available at short notice to be moved to any
point where they are required. Whilst an Empire existed it was more
expedient to disperse the stores nearer to those areas most at risk.
The vast lossés of stores after Suez and Aden concentrated the plan-
ners' minds to the view that the only secure way of maintaining flexi-
bility and ensuring availability was to hold large stocks in the home
base. This policy automatically requires large stocks of spares which
receive little or no demand in peace but large demands in specific
scenarios. It is often these stocks which are chosen as examples for

'overstocking' allegations by Public Accounts bodies.

The peace time supply is concentrated on the receipt and issue of all
items through the Central Depots. These depots have little if any
role to play in the conceptual war which, in North West Europe, the
strategists believe will be of short duration, high intensity and
involve heavy losses. The écenario envisages a period of tension
during which all war reserves will be out-loaded from the Central
Depots and moved to the theatre of operations. Once this is completed
the depots may be required to make further issues but this will be
dependent on their surviving hostile action by conventional, chemical

or nuclear strike or by guerilla type activity.

The brunt of supply during war will be borne by the Forward Ordnance
Companies and the Forward Ordnance Depot. The forward ordnance

company is a small mobile unit which has an inventory of approximately
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13,000 item headings of fast moving essential spares which are stored
on vehicles. Its role is to follow as élésely as possible the
fighting formations which form its dependency. In addition to these
Companies each fighting unit carries a limited scaling of between
2-5,000 item headings. These stocks, known as Unit Repair Scales (URS),
are supplied, replenished but not contfolled by the RAOC. The Forward
Ordnance Depot in. the theatre of operations is expected to continue
issues until hostilities prevent them, but in addition, to simulta-
neoﬁsly outload into the field sufficient stocks to enable replenish-
ment to continue. All of these units exist in peacetime and therefore
the Stockage Support System is practiced in peace in order to improve
the probability of its efficiency in war. The system is not dissimi-

lar to the normal civilian distribution flow.

Major Civilian Warehouse Central Ordnance Depot
l
]
|
(Short or Long Line of
!
Communication)
!
]
v WV
Distribution Point Forward Ordnance Depot
A 4 v
Retailer Forward Ordnance Coy
v 3
Customer Unit Repair Scale

Supply Chain Flow

Figure 2-6
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The senior management of the Corps is organized on similar lines to a
civilian company. The‘qups may be regarded as the distribution ele-
ment of a muéh larger Corporation. The director who is responsible
for the s;ooth running and effectiveness of this operation is the
Director General Ordnance Services (Major General rank). Whilst
responsible for the implementation of most policy and operational deci-
sions. he is responsible to the Quartermaster General who co-ordinates
‘all logistic and support operations for the Army. The QMG's depart-
‘ment is responsible for the:
a. Formulation of logistic policy for the Army.
b. Logistic aspects of plans, operations, logistic organisation
and logistic development.

c. In service management of weapons, ammunition and equipment.

In order that these responsibilities are effectively implemented the
following directive is placed on the Director General of Logistic
Policy (Army) (DGLP(A)). The elements of the directive that appertain

to this thesis are:
DGLP(A) is responsible for:

a. The planning and execution of all Q aspects of operationms.
b. The policy for stocks and resources within levels laid down
by the General Staff.

¢. Logistic Policy, doctrine, development and studies.
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d. Qaspects of combat development and logistic support planning for
new equipment.

e. Co-ordination of in-service equipment management.

It should be clear therefore that whilst the Corps is a separate
entity it is not autonomous. The major functions within the Corps are
sub-divided into 5 areas, each having its own Director (Brigadier rank).

These are shown below.

DGOS

Director General Ordnance Services

D Sup Ops DSM(A) DSCS

Director Supply Director Supply Director Supply

Operations Management Computer Services
DLSA DCT
Director Land Director of Clothing
Services Ammunition and Textiles

RAOC Organisational Chart

Figure 2-7
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It is important that the actual responsibility of each of these direc-

tors is made clear.

The Director Supply Operations is the DGOS's staff officer for manage-
ment services, storage and related matters. He exercises functional

control and co-ordination over the Central Depots.

The Director Land Services Ammunition is the equipment manager for all
land service ammunition. His responsibilities include development,

inspection, training and explosive ordnance disposal.

The Director Supply Management is responsible for supply management
policy throughout the Army. He is also the individual manager for
those equipments for which the DGOS is the nominated equipment

manager.

The Director of Clothing and Textiles is responsible for the design,
trials and introduction of all items of clothing and textile

"equipment.

The Director Supply Computer Services is responsible to the DGOS for
the design, implementation and management of supply computer services

world wide.

The responsibilities of both DLSA and DCT have been deliberately

included even though their areas of interest fall outside the scope of
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this paper. Their demands upon both DSM(A) and DSCS for both manpower
and computer programming time need to be mentioned at this stage and

will be reflected later in the paper.

2.3. Evolution of Automatic Data Processing (ADP)

The Corps were not tardy in seeing the exciting new challenges and
opportunities presented by computers and ADP methods. The first com-
puter systems were installed in Chilwell and Donnington in 1963 ﬁnd
1964 respectively. As with all companies experimenting with new tech-
nology, mistakes, whether from overcaution, underestimation of capabi-
lity or inefficiency, were made. Implementation was however a ma jor
step forward. The lessons learnt from this early start were that
there was a serious loss of potential if only existing manual systems

data is transferred to computers. The opportunity to either increase
the data base, build in flexibility or allow greater automation was
lost. It is easy to look back and pick faults. At the time in
question any person capable of understanding a computer never mind
being able to program one could earn far more out of the Corps than in
it. The loss of manpower from the armed forces and the civil service
restricted the options available. Disregarding Maslov's hierarchy of
needs, for specialists when they are in demand, has always created
problems for public bodies. The inability to promote early or
increase incentives has resulted in a constant drain on DSCS manpower
which is still occurring. During the early use of computers the

effects were at times disastrous. There is an oft quoted example
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where an automated Provision Review Form generated a buy for a million
gallons of battleship matt grey paint. The demand causing the buy was
for 5 gallons. This early distrust was not replaced with confidence
"and even today total acceptance of ADP has not been achieved. This
failure to find acceptance is based partly on the fact that many of
those non-specialist workers wh§ have lived through the evolution are

still working in the same depot 10 and sometimes 20 years on.

The initial mistake of transferring a manual system to a computerised
system has to some extent been remedied. The programs have however
erred on the side of pure data processing as opposed to manipulative
interactive systems. in 1970 the Corps centralized its computer opera-
tions onFCICP Bicester from where the total inventory is controlled.
The Central Inventory Control Point system is justifiable because
central provisidn, procurement, accounting and control could be exer-
cised over the greater part of the range of material of RAOC supply.
This centralization was however judged feasible only if all natures of
stores were treated by the same programs and stock requirements calcu-

lated using the same formulae.

The RAOC computer systems operating within the RAOC Stores Supply

Chain in 1988 are as follows:
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Chilwell : Donnington
1 x ICL 2903 1 x ICL 2966/39

1 x ICL 2966 Dual

1 x ICL 2996/39 Primary Depots
2 x ICL 2960/10 includes CICP.
1 x ICL ME 29/37 Total Holdings
840,000 item
headings
1 x ICL ME 29/45 Secondary Depot
Iice , Direct Link to BAOR
CICP ~ ICP BAOR Holding

80,000 item headings

t
: COFFER stand alone  All major Tertiary
Micro Depots  (including
Upgrade due in Armoured Divisions
1992 possible Companies and some
increase to on . Stores Platoons/
- A line facility. Sections) Holding
: 10 - 16,000 item
:L headings
;
/.\
/’ '\ UNICOM 688 Major Customers
P A Stand alone Implementation
micro. expected in 1992,

Min requirement
is Modem Max is on
Line

ADP Deployment

Figure 2-8
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2.4. Current Methods

The present system is being phased out and a new process, designated
System 3, has been introduced. This section is based on the Army CICP
System '3 papers. Once again the calculations and
control procedures are designed to cover the complete inventory but
manipulation of individual spares forecasting and control is tech-
nically possible. The process of management by exception is intended
to reduce managerial attention only to those items that are causing
supply problems. The greatest attention is focussed on those items
experiencing shortages whilst those in equilibrium or in.excess are
largely ignored. The basic tenet of the system is the assumption that
future customer demand is known and unchanging. The reason for this
assumption is that the systems main aim is to allow forecasting to be
carried out routinely. The only area in which this aim does not apply

is new to service items.

The system is satisfactory when the finances allocated to it are suf-
ficient to buy what the provision calculation recommends. When money
is cut or reduced there is no method to decide or define what is

important or what is not important.

System 1 was the title given to the first computer operated stock
control system introduced by the RAOC. Under this system the pre-
viously manually operated system was transferred almost intact onto

large computers installed in the two major COD's. (Donnington and
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Chilwell). The manually calculated system had utilised EOQ and ROL
calculations and these were transferred onto the computers. In 1970
with the installation of a more modern compufer system at Bicester the
two ageing computer installations were demoted to satellite status.
In 1972 the management of the total stores ranges was vested in the
Central Inventory Control Point (CICP) at Bicester and this element
became part of DSM(A). The category 1 inventories of Ammunition and
Equipmeﬁts (VESPER) have been introduced as separate systems on the
Bicester installation. All three commodity systems were collectively
known as system 2 and interacted with RAOC computers in BAOR, Berlin
and Hong Kong as well as with other defence computer installations.
In late 1986 a new computer installation with updated software was
installed at COD Bicester. Two 2960/10 machines are in use to handle
the vast majority of the installations produced workload providing
some 7,200 megabytes of data. The main RAOC Secondary Depots are on
line to CICP and operate with ICL ME 29/45 hardware. First generation
computers are operated by major tertiary units who now down load daily
in BAORkto secondary depots. Eventual expansion of the system witﬁ
the introduction of AQUUS/UNICOM may give total visibility of stock to
customer level. This project is still some years away from impiemen-

tation and is dependent on funding.
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As has already been stated the RAOC inventory is driven by the stan-

dard EOQ formulae. The presentation of the formulae is represented

as:

EOQ = 2 COx 4 x FQD
¢ch x P

Where:

co = Cost to Order.

CH = Cost to Hold.
4 x FQD = Forecast Quarterly Demand x 4 = Annual forecast
Demand
P = Computer held price.

Within System 3(é§€) has traditionally been represented by a K factor
which could be set for MT, Clothing, Tech and General stores. In
practice K has not been altered or amended. (One recorded change
80-87). P has normally been taken as the latest quoted price but the
interface between provision and procurement has not been sufficieht to
allow trade off modelling. The AﬁP system does not have a modelling
facility but recalculation can be achieved by re-inputting the
Provision Review Form with amended EOQ variables. This, at present,

however effectively increases the Lead Time and thereby the quantity

of unnecessary stock held.

The technique used for forecasting usage is still reliant on exponen-

tial smoothing. The forecast is made for one time period ahead
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(period dependent on procurement policy) and is the weighted average

of the quantity demanded over past time periods such that the:

Forecast Demand Quantity = ©¢ x Quantity Demanded + (|-%) Previous
in Latest Period Forecast

The (X constant is related to the quarterly rate of movement. ' Slow
movers are regarded as those items for which only one recurring or no
demands have been registered in the last four quarters, Total Demand=1
and for these the ©< constant is 0.l. Should an item classed as a
slow mover receive one demand in at least 4 successive quarters then
the constant will be raised to 0.2. All other items will receive an
D(conbtant of 0.2. A breakdown of the annual throughput per item is
shown in Fig 2.10. It should be noted that 78% of the total inventory
falls into the category of slow movers whilst a further 13% can be
classed as relatively slow movers. The actual working inventory of

live items are in fact less than 9% of the total.

The inventory is subdivided into four groups for management purposes.

These groups are:

1. Techniqal stores.
2.  Clothing.

3. MT Stores

4, General stores.

The average demand patterns are shown in figures 2.10a, b, c, d.
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This demand frequency whilst appearing erratic is symptomatic of ;he
support policy. All equipments are supported but for those regarded
as warlike stores the scaling (based on the number of essential parts
required per 100 vehicles) is set at a level allowing total availabi-
lity in line with the MOD Equipment Management Policy Statement. This
is normally set at about 97% availability permanently with an increase
to 100% after a short duration (normally 48 hrs). Those spares with a
low Mean Time between failure and regular wear out constitute the bulk

of the annual turnover and spend. The RAOC annual spend from the 2Kl

vote heading for 1987 was:

Vote 2K1 Spend

Gen Stores &1.3
Clothing 58

- Techk Spares 58.2

MT Spares: 155.4

Figure 2—¢

The current (1988) Annual stock turn is in the region of once every 2 to 2.5 year:
(commercial calculation is % to 7/16)
which is in line with the EOQ(C) which has an upper setting of 3

years.
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BREAKDOWN OF STOCK BY ALLOCATION

Earmarks. Stock committed to a customer or project but not yet

issued.

War Reserve. Overall representative percentage less than 1.8%.
However Gen Stores is approx 10% .of total holding whereas MT repre-

sents .247% of total holdings.

Safety Stock. A buffer stock the area first put under review in most

coy's when economies required represent only 3.35% of total inventory
cost. This is probably justified in that safety stock is only really

carried on those items being used or expected to be used.

Free Stock. 77.47% of total Inventory Cost is tied up in inventory
holdings this represents some £895,273,040. Estimated annual turnover
= 404,750,034. Theoretical stockturn once in every 2 years. ie

Stockturn = .

Breakdown. The breakdown of the inventory value by the four RAOC

groupings is shown at figure 2-11.

The total stock of an item is made of Free Stock, Safety Stock, War Reserve

and Earmark Stock.
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Figure 2-0-a
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STOCKING SECONDARY AND TERTIARY DEPOTS

2.5 The concept of secondary and tertiary depots was outlined in
paragréph 2.2. The stocking of these depots is initially based on the
number of equipments deployed to the theatre in which they are
geographically located. Once demand experience is being generated the
system is driven by what is referred to as the Stockage Support
System. The controlling depot which feeds spares forwards is respon-
sible for maintaining the historical records on usage for its
aséociated depots. The secondary depots are therefore responsible for
maintaining the historical data for all tertiary depots in their
theatre. Primary depots will hold the data relevant to the historical
demand pattern for secondary depots. The physical stock holding at
each level forward from primary relates to the laid down policy on the
depth of holding of stocks plus the safety factor element to cover the
expected lead time of the moiement of stock from each depot forwards
to its dependency. A movement of stock forward for replenishment is
driven by the well tried and tested reorder level process. Tertiary
depots are severely constrained on what they can hold because they
must retain the ability to remain mobile. Part numbers which exhibit
no movement over a fixed period of time are recommended for outscaling
whilst those that have registered a laid down number of requests are
recommended for inscaling to the tertiary depot. This process,

while it appears relatively simple does not take account of the dif-
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ferent expected levels of consumption which would be experienced once
the change from peace to war has taken place. Tertiary depots there-
fore have.the facility to disregard outscaling recommendations where
they believe those parts will be required during war even though they
exhibit no movement during peace. This is also true for inscaling
suggestions where the Officer Commanding believes that the requirement
is purely a peacetime requirement and does not reflect a realistic
usage in a war environment. An example of the predicament 1is the
usage of wing mirrors for vehicles, their requirement in peace is to
ensure that units may train for war without infringing peacetime civi-
lian regulations, during war there will be no requirement for wing
mirrors. The dilemma which faces most tertiary depots is that the
efficiency of the unit is rated against its ability to supply spare
parts in a peacetime environment whilst the policy for its existence
states that it is there to supply the dependency in peace and war. An
ABC analysis of the inventory held in a tertiary depot would not
reflect a true picture of the effectiveness of a fighting unit to per-
form its laid down role. Many of the spares used in peacetime have'no
use in war. Decisions regarding the criticality or essentially of
spares within the tertiary depot inventory are made at present on
calculated judgement or gut feeling. No formal system currently
exists which will allow a Tertiary Depot Commander to work out using
any form of logical sequence whether or not he should hold a par-

ticular spare. The dilemma is further exacerbated by the requirement
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to achieve flexibility within Divisions. The units or customers which
the Tertiary' Depot is asked to support may due to circumstances
apparent to the Commander of the total force be changed at a moment's
notice. In addition the units supported during peace are not the same
as in war because of the post World War II historical and geographical
availability of barracks. The holdings which he has would have been
based on a fixed number of units whereas once war starts the chances
of the Battle Group or Battle Groups whom he supports remaining as

part of his formation are in doubt.

THE STANDARD PRIORITY SYSTEM (SPS)

2.6 The RAOC system aims to provide a fixed quality of.customer ser-
vice at the minimum possible cost. The current service level aims at
meeting 95% of all demands placed for the complete inventory. Any
attempt to increase the service level beyond 95% will automatically be
accompanied by a disp;0portionate increase in the cost incurred within
the inventory. This increase in cost makes it fairly clear that there
will be a constant battle between what the Corps would like or are
able to achieve, the Army can afford to buy, and what the customer
requires. This trade off between the inventory held and'thevcusgomers
needs means that there is a requirement for some form of rationing.
This rationing applies not only to our physical resources of spares
but also to the movement of these spares and the management required
to provide the best service possible. The SPS exists to provide a

means of ensuring that the units with the highest operational status
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receive stocks first. The effectiveness of the Standard Priority
System (SPS) and therefore its value to the units depend on how those
units chéose to operate the system. It is a matter of choice because
whilst there are checks in the system to identify misuse or abuse the
sheer volume of demands being processed makes these checks relatively
ineffective. The Central Ordnance Depots are making nearly 3 million
issues a year, roughly 60,000 each week. The RAOC can only operate
the system, the units who are the customers can decide the degree to

which the system will be effective.

The SPS is based on 2 major factors. The first is the Force Unit
Designator known as the FUD. The second is the urgency of the
requirement known as the U of N (Urgency of Need). When the 2 are
matched in the SPS matrix they form the priority code at which a unit

should demand spares. The matrix is shown at Figure 2.12%.

The FUD is calculated by the Ministry of Defence and relates to the
importance in the order of battle of each individual unit within the
British Afmy. Units are assessed as to their contribution to the war
winning element of their role in war. Only the Ministry of Defence
can change a unit to FUD 1. FUD 2 to FUD 4 are allocated by HQ UKLF
and HQ of Commands. FUDs are not open to discussion. The majority

of units will become FUD 1 units once hostilities commence.

The ability of units to manipulate the system to get what they want or
need, when they want it, is decided by the urgency of the requirement.

U of Ns are letter coded A to E and relate to a time scale in which
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the RAOC in conjunction with the RCT will deliver spares. A B and C
U of Ns relate to operational vehicles and equipments only. This
point is often overlooked by units and a definition of operational
vehicles tends to be dictated by the wishes of the Commanding Officers.
The Commanding Officers wishes often override the stated policy on
operational 1levels laid down in EMPS/EMPL directives. A recent Ol
priority demand, normally only used in war, for an ash tray for a staff
car highlights the abuses placed on the system. The pipeline times
which are laid down to various theatres indicate to the customer the
exact time that he will have to wait for his spares to arrive in his
location. These pipeline times are made up of the communication time,
'the depot processing time and the delivery time. The movement of
spares from both primary and secondary depots is the responsibility of
the RCT. Dedicated vehicles running on fixed routes to laid down
schedules cater for the vast majority of spares demanded on the RAOC
system. The Standard Priority Systems smooth operation is dependent
upon the communication time and the depot processing time for each
priority not being exceeded. Each Priority Freight Service route ter-
minates at centrally located distribution points (DP) around which are
grouped military units demanding on the system. The DP has the
responsibility for sorting these spares and issuing them to units.
The major anomaly within this system is that tertiary depots must also
participate. Tertiary depots demanding spares to restock their

shelves may normally only be allowed to demand at a priority 15.
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Customers requiring their spares at a far greater speed when URS
stockout situations occur can “outbid” the tertiary depots and demand

through the tertiary depot directly on to the secondary depot at a far

higher priority.

Spares Availability. Whilst the SPS is monitored to evaluate the abi-

lity of the logistic services to ensure the émooth and efficient
6peration of the distribution chain it is critical that the spares are
available to issue in fhe first place. The RAOC attempts to maintain
a 95% service level across its complete inventory and this is moni-
tored constantly for fluctuations and variations. The Spares availa-
bility achieved by the RAOC is shown at Figure 2.f3. It should be
noted that since 1980 the Service level has declined dramatically.
The overriding reason for this is the cash limiting and moratorium
but sharp falls in 81/82, 83/84 and 85/86 are as a result of the
Falklands War and 2 major warehouse fires with resuiting losses on

each occasion in excess of £500 Million.
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WHAT PEOPLE SAY

"Inventory is the money invested in purchasing things that
are intended to be resold but have not been resold yet"

CHAPTER 3. LITERATURE SEARCH AND ANALYSIS

INTRODUCTION

3.1. The control of inventory within a military or commercial environ-
ment is not new. Ensuring the right item is at the right place in the
right quantity has been the aim of every inventory manager almost
since inventories were first held. The most striking change in atti-
tude to inventory control has been brought about through the
constraint of achieving the aim in the most economic manner. - This
-emphasis on economy has concentrated the minds of both the academic
and operational practitioners for the last decade. This attention has
culminated in a p?oliferation of literature on forecasting and ;tock
control within inventory. With the preponderance of material
available on the subject of distribution and more in particular on fore-
casting ;nd stock control any literature search must have an exact and
defined aim. This aim was to confirm the basic assumptions of the

hypothesis outlined in Chapter 5.

In order to widen the field to encompass the research carried out by
other students and bodies the American Defence Logistics Information
Exchange Service Centre was accessed and searched for material per-

tinent to the aim.
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The literature search yielded far more material than was initially
expected and‘the main problem encountered was not what to publish or
quote or use as reference but what to exclude. Whilst the hypothe;is
was defined before the literature search was carried out the analysis
of the literature was not accomplished by a dogmatic routine. The ana-
lysis of the literature for and against the hypothesis allowed the
hypothesis to be redefined or restricted. For the purposes of the
review and the hypothesis, inventory was not confined to purely the
finished goods inventory held by a wholegaler but any literature writ-
ten on inventory whether it be from a manufacturing, in-process or a
finished goods inventory was included. This decision was made as a
result of the initial contact with Company A andrthe knowledge of the
RAOC system which led to some doubt as to whether the inventory held
by these two was totally commmitteﬁ to finished goods or partially
based on the requirement to support some form of manufacturing pro-

cess. (Alternate*)

ATM
3.2 The aim of the literature research/review was to answer the

following questions:

a. What is an inventory?
b. Are inventories comparable?
c. What is the purpose of holding inventory?

d. Is inventory policy definable with regard to all inventory?

>*As a result of types of available literature the literature search
is now contained in both Chapters 3 and 4. The theoretical work is
confined mainly to Chapter 3 whilst the more practical approaches are

included in Chapter 4.
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e. Are constraints on inventory recognisable and visible?
f. What is Customer Service Level.

g. What is the measure of effective inventory?

h. 1Is forecasting possible?

i. Is demand data an accurate base on which to forecast.

WHAT IS AN INVENTORY?

3.3 Engineering branches and Marketing departments would‘find little
fault with a statement that indicated that a spare or a finished pro-
duct had a life expectancy. This life expectancy would normally be
broken down into a launch period, a sales surge or decline and
finally, the death or obsolescence of the item. It is a tendency,
clearly illustrated by J D Patton 84, to identify animate factors
with the items which we hold in inventory. It is however significant
that we tend to regard the complete inventory as an inanimate object.
The inventory is however built up because of the fact that equipment
and spares go through this product life cycle. MacMillan regards the
cycle és the very hub of strategic management. By using the standard
product life cycle, see Fig 3.1., he argues that the marketing impera-
tives will vary according to the stage of the life cycle; so too will
the return on sales and investment. Converted into Public as opposed
to Private terminology the stock holding levels required will vary at
each stage. Failure to monitor product life cycles carefully will
lead to increasing levels of slow or non moving stock within inventory

with no appreciable impact upon operability.
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Standard Product Life Cycle

Figure 3.1

The problem of product life stage identification is compounded by the
number of differing products an inventory must support. Inventory
relating to one type of product tend to be labelled numerically to aid
identification. This identification can be negated when groups are

made up of items having totally different product life cycles.

The advent of computers with their speed of operation is assisted by
the grouping of commodities and the allocation of numbers in some form
of sequential allocation. The traditional allocation of numbers has
evolved from the parts explosion of the major equipment or an equip-
ment which is allocated to the defined category or group. If the
divergence between the A, B and C categories is slight the inventory
may be regarded as homogenous. If, however, the divergence ranges
from fast moving to totally inactive then the inventory cannot be

regarded as homogenous. If homogenity does not exist then the appli-



cation of standard forecasting and stock control practices across the
complete inventory is illogical. The group or groups of items which a
company holds may therefore fall into either a homogeneous or non
homogeneous life pattern. The nature of the business within which
inventory is held will dictate the homogeneity ornot of the inventory

held.

The more obvious sub division of natures of business in which inven-
tories are held may be high technology, low technology or no tech-
nology. The probability of homogeneity is far greater within an
inventory in which there is no technology than it is in a high tech-
nology group. Within the area of no technology it would be possible
to place for example such products as food commodities, clothing, fur-
niture and everyday consumables. 1In the low technology business area
the tendency is for products which although requiring some technology
expertise in manufacture are well established and the risk factor of
redundancy of stock held is minimal. Redundant or obsolete stock will
still be able to be sold as a market place will exist for some time
into the future, In both low technology and no technology inven-
tories,b demand tends to have stabilised and inventory control and
forecasting techniques have a greater probability of success. That is
not to say that these techniques are simple or guaranteed to succeed
as the movement whether it be fast or slow, and the homogeneity of the

groups will dictate the actual success.



Excess inventory or overstocking is not peculiar to any single type of
inventory but is an operatiomal risk that must be accepted. "In every
inventory there will be some parts that have more stock than is
needed. It may be because of production overruns, quantity buys,
engineering changes or simply goofs" RG Brown 1982, It is the limita-
tion and ideniification of the causes not eradication of this problem
which should be the focus of management attention. Inventories which
draw the majority of their item headings from the high technology
parameter of stores, rely heavily on engineering assessments for their
future demand and failure patterns. The expected mean time between
failures in these high technology areas are balanced against past
technology on which experience already exists. The greatest area of
risk within inventories must be attributed to the launch or subsequent
support of high technology equipments for which there is no past
history or failure patterns that can be confirmed. It is evident
therefore that after a sub division of technology in relation to pro-
duct that inventory is held to cater for 2 precise factors. Firstly,
to cater for a known or estimated future demand and secondly, for the

elimination of possible risk of failure.

Inventories catering for a known or possible future demand will tend
to have a high stock turn ratio in relation to the low stock turn
ratio of those inventories catering for a high risk environment. The
technological aspects of the item headings held within inventory will

also in some way dictate the depth of holdings of that inventory. The
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more technologically orientated the item headings, the less suppliers
that there will probably be available to supply the item and the
greater the lead time between order and receipt. The depth of inven-
tory that is to be held will be dictated by the reaction time that the
inventory must meet to support its customer or the equipments it sup-
ports. The lack of technical knowledge by the provisioning clerk,
related to specific item headings, will further exacerbate this
problem. "One of the biggest single factors that causes technical
representatives to stock excess parts is lack of confidence in being

resupplied" J D Patton 1984.

ARE INVENTORIES COMPARABLE?

3.4. Modern management tends to evaluate performance across the tbtal
company function. Inventories are no exception and many methods are
used by different institutions to quantify, whether numerically, physi-
cally or financially the effectiveness of the inventory they hold.
These analysés result in facts and figures normally expressed in per-
centages. These percentages are then used to compare the success or
failure in relation to other enterprises. Such a comparison of‘the
RAOC inventory with best commercial practice was the stimulus which
resultedbin this particular research being carried out. One of the
hypothesis suggested in Chapter 5 is that inventories are not com-
‘parable and the aim of the literature search was to identify what form
of analysis were used to interpret the effectiveness of inventory prior
tok its comparison with the performance of other institutions or

bodies.
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One of the most critical elements of any comparative process is the
assumption that the figures published by a Company are accurate and
reflect the true situation. A trade study carried out on a leading
Company interpreted the figures by the Company and then researched the
data provided by the Company and resulted in a discrepancy of up to
307 between the publishéd figures and the true situation. It is a
human failing that we wish to be told not what is actually happening
but what we would like to happen and it is a tendency therefore, to
interpret figures to produce the facts that we most want to see. This
phenomena was noted by D M Lambert who stated "few firms or managers
within the firms totally understand the reason why they are carrying
inventory. It is therefore extremely difficult for them to set policy
decisions by which their inventory will be controlled." R G Brown
also hints that this manipulation of figures tells us what we want to
know when he says, "let the accountants worry about precision.
Accuracy is sufficient of inventory management". The relevance and
accurécy of comparison will be affected by the type of inventories

that are being compared.

Distortion of numerical analysis in comparisons, is affected by both
size and depth of inventory. By size, I am referring to the number of
item headings, which are unique, that are held within the inventory.
With regard to depth the number of weeks, months Qr years supply held
in stock. The information which is finally produced tends to repre-

sent what is believed to be happening as opposed to what is actually
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happening. In addition, the variance of efficiency will depend upon
the size of the population or number of customers to which the depth
of'inventory is related. P Bailey and D Farmer 1982 noted this
disparity of the problem caused by size and dispersion when they
attempted to compare W H Smith and other High Street retailers. "In
the case of British Home Stores, Marks & Spencer and Mothercare,
they are characterised by a relatively small number of product lines,
tight margins and high sales per sq foot and a high degree of central
control". They argued that W H Smith's problem is far greater
"however you will realise that with 300 plus brancheé and perhaps
60,000 product lines in total, only half of which are supplied
centrally, this is no easy matter"., If this is now contrasted with
the RAOC problem of something in the region of 1000 plus branches and
an inventory in the order of 730,000 product lines in total, the

dimensions of the problem are perhaps brought into perspective.

Measurements of inventory efficiency produced as management infor-
mation are widely documented and universally accepted. These are
discussed at Paragraph 3.9 and Figure 3.5 details the more widely

accepted analysis used.

Whilst the policy decisions set for either dependent or independent
demand inventories may be the same, it is argued by D J Bowersox 1978

that their control mechanisms are different. "To‘help cope with the
uncertainty of independent demand, business institutions purchasing

for resale typically utilise reorder point inventory control systems.
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Unlike the resale situation which was categorized by independent
demand the MRP procedure is based upon the assumption of dependent
demand". Whilst the actual efficiency of the 2 separate inventories
may be the same the control mechanisms which achieves this efficiency
would be totally different. If the MRP control system was twice as
expensive as the reorder point system, the commercial argument would
be that the more efficient of the two was the reorder point control
system. This argument is nebulous as the dependent demand item could
not adequately be controlled with the reorder point control system,
without vast increases in the depth of inventory held and the asso-
ciated inventory costs incurred.

It is questionable therefore, whether the inventory should be compared
to a like dependent inventory or like independent inventory. It

is fairly obvious that a dependent inventory should not be compared
with an independent inventory. Nearly every document or piece of
literature researched Healt with inventory in general terms without
being specific. D J Bowersox 1978 stated that "the mission of the
logistical system is measured in terms of total cost and performance".
All of the comparisons that were investigated and that have been
researched, concentrated on the total cost and performance categories
with scant if any regard for the actual mission. The mission of the
logistical system when translated into economic considerations results
in increased or decreased inventory. This overriding constraint on
which policy decisions are based precludes comparison between inven-

tories unless the missions are similar or identical. Comparative data
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only has significance when the overriding constraints and environment
within which an inventory is held are identical. When this data can
be produced in relation to standard industrial classification, then it
is meaningful but it is not necessarily comparﬁble with another insti-
tution or bodies results. As an indicative measure of the methods and
controls employed by a company, whether it be private or public it
serves to highlight either those areas where malpractice is occurring
or where policy should be considered carefully to realise economic

savings.

Comparisons which express efficiency as a percentage of sales or pro-
fit tend to relate to those companies where the customer has a choice
about where he procures his pfoduct. Thus the customer has the oppor-
tunity to choose from where he purchases and is only constrained
financially on what he may purchase. Within most public bodies and in
particular the RAOC the 'customer is totally captive, he may not
purchase from an alternative source and he may purchase/demand only
that to which he is entitled. 1In order to compare inventories it is
essential that the freedom or lack of freedom of the customer is taken

into consideration.

3.4.1. Summary. To summarize, the ability to compare inventories is
largely dependent upon the following facts being known, accurate,

equatable and measurable:

a. Inventory size.
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b. Depth of holdings.

C. Demand Pattern Dependant/Independant.
d. Dispersion of stock and customers.

e. Forecasting systems.

f. Mission.

g. Total cost variables.

h. Performance Indicators and Calculationms.
i. Constraints.

jo  Industrial Classification.

k. Customers (Captive/Free).

WHAT IS THE PURPOSE OF HOLDING INVENTORY?

3.5 Few if any authors when writing on distribution actually pay
attention to the reason for holding inventory. Generally speaking
they tend to automatiﬁally accept that inventory is required and
should be held at various stages throughout the enterprise or busi-
ness. When the problem is addressed the tendency appears to be that
ambiguous statements are used to overcome the problem of actually
quantifying the reasons why inventory is held. Policy within com-

panies should clearly state the purpose for which inventory is held.

The requirements to hold inventory are viewed differently by each
hierarchical level of management. E W Smykay 1973 identifies the two
extremes quite clearly "On the macro level, the inventory volume is a

measure of the investment required to maintain gross national economic
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activity. On the micro level, it not only measures necessary
resource commitment but also provides a tool for achieving broader
corporate objectives." If corporate objectives can be achieved by
-holding zero inventory or these objeétives are only very partially
limited by holding zero inventory, then there is no reason to hold any
inventory at all. 1Inventory is normally held to limit the risk which
a company would be faced with if no inventory were held. This risk is
generally allied to the effect upon profit, loss or reduction in
operational efficiency. Bowersox (1978) was quite clear about this
problem when he wrote "inventory is one of the riskiest decision areas
in logistical management. Commitment to é particular inventory
assortment and subsequent market allocation in anticipation of future
sales represents the vortex of logistical operations". R G Brown
(1982) also seems to confirﬁ this concept when he writes "uncertainty
about parts translates into inventory". The purpose therefore of
inventory may be deduced as an attempt to eliminate uncertainty or
risk about those parts or the stock that we hold for our customers.
The risk translates into inventory and here, yet again -the mistake of
having a single inventory appears to have been made. This risk even
if it is actvally quantified is applied against all inventory
regardless of the risk involved item heading by item heading. J D
Patton (1984) extrapolated the cdncept of risk to measure the effec-
tiveness of the inventory "risk can be measured as the percent of

orders not filled within the specified time limit. Risk is a fact of
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life with service parts." With regard to the concept of complete
inventory what he is doing is quantifying not what the risk is but
what the acceptable risk is likely to be. However this takes no
account of the criticality of those items within the inventory.
Perhaps a clear illustration of risk is an example drawn from the
airline industry. A new engine was required to be fitted to an
aircraft. The engine was available from within the inventory but the
bolts were not. The risk of stockout for an engine was regarded as
having more detrimental effect to the company than the risk of a bolt
being out of stock. If it is possible to quantify the risk per item
heading within the inventory, it would be possible to decide the ele-
ment of risk that could be taken with each part with regard to
sﬁockout. This is perhaps a key area where the civilian institutions,
whether public or private differ from the military inventory. The
most disastrous effect of a stockout within the civilian environment
will be a loss of profit or a reduction in operational capability.
The most extreme effect of stockout within the military environment is
death of an individual or in the most extreme case the defeat of an

army.

It would be acceptable therefore to compare the commercial systems
whether public or private with the military systems if they were only
geared to supply the army in peace. The additional inventory required
to decrease fhe probability of stockout means that the military system

is carrying a greater depth of stock than its commercial counterpart.
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Failure (stock out) will still occur however and this fact must be
accepted and not used as a lever to further increase stock holding.
Regardless of the level of stock held F R Johnston 1980 states "Because
the future is uncertain any (reasonable) amount of stock may in the

event prove to be insufficient to meet demand".

IS INVENTORY POLICY DEFINABLE WITH REGARD TO ALL INVENTORY?

3.6 It is dereguer for todays manager to involve himself in finance
whilst failing to issue Policy. ME Cook and K Muinch 1983 sum up this
problem quite clearly "In most companies there is no formal plan deve-
loped. The financial management generally edicts some budget for
overall inventories". Whilst not the overriding motivator money seems
to generate far greater interest than service. The actual cost of
holding and buying inventory are still being debated but even by using
the simplest calculations the costs are significant. The modern busi-
nessman/manager expects a return on his investment, Distribution
costs are often expressed as a percentage of the total turnover and
tend to be a cost adding as opposed to a profit earning element.
Failure to define clear policy which is measurable and planned will
lead to financial cuts being imposed. D M Lambert 1975 was extremely
scathing about this degree of planning "Few firms or managers within
firms totally understand the actual reason why they are carrying
inventory. It is therefore extremely difficult for them to set policy

decisions by which their inveniory will be controlled".
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Inventory policy whether it be defined in order to achieve objectives
is dependent upon the hierarchial structure of the company involved.
To be practical and usable for the inventory manager it must be clear
and overt, however within the business environment overt policy is a
tool which may be utilised by the competitors within the field. The
tendency therefore is to have covert poliéy vhich is only defined
~ within the business structure and is nof freely available to external
bodies. Hierarchial structures whether they be vertically or horizon-
tally aligned tend to lead to multiple policy decisions. This.
multiplicity of policy variables leads to inefficiencies in inventory
forecasting and control. Inventory policy to be effective must be

reactive to both internal and external variables.
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ARE CONSTRAINTS ON INVENTORY RECOGNISABLE AND VISIBLE?

3.7 The ambition of the inventory manager is to ensure that the right
item is always held and is always available to the customer. None of
the literature researched or any of the companies visited ever talked
about all items. It follows therefore that the inventory is not there
to provide everything for everyone but the majority of items for a
selected }field' of customers. It is these customers requirements
whether based on market research or the analysis of past demands that
should decidevﬁhat is to be held within the inventory and dictate the
constraints upon the size and depth of the inventory. E W Smykay
1973 supports this argument when he says "although customersvmay be
controlled to some degree, the most critical factors in inventory
systems, that is, the time and quantity of demand for the firms pro-

duct are largely controlled by them",

The first identifiable coﬂstraint should therefore be drawn from the
customers which the organization wishes to serve. The number and fre-
quency of the demands from these customers and the profit or lost
potential of not stocking these parts will dictate whether or not thaﬁ
item should be held within the inventory. fhis particular constraint
however can be actual or perceived. The 'actual' will be inventory that
is stocked because of known past/future demands and perceived will be
inventory which is stocked in anticipation of receiving customer

orders for such a part number.
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The second major constraint which is identified quite clearly and is
also applicable to nearly every form of inventory is the problem with
ﬁurchasing the correct quantities required to be stocked. Normally
the depth of individual item heading holdings will be dictated by the
availability from the manufacturer or wholesaler. The effects on
depth however are not purely dictated by the Qholesaler or manufac-
turer but by the perceptions of the economy achievable within the pro-
curement cycle. In addition there may be some agreed policy within
the company to hold maximum/minimum stock levels in anticipation of

future demands or in order to safeguard emergency operations.

The more obvious and visible constraints on inventory are normally
allied to finance. These can be broken down into the elements of the
FW Harris EOQ formula and are cost to hold, cost to order and the cost
of stock. Recent literature and the modern manager concentrate large
amounts of their time on these economic considerations. Whilst they
are visible and tangible they are often impossible to accurately
define. Zanakis et al 1980 would in fact go further "The thorn of
cost estimation in inventory control continues to aggravate users of
inventory models. There is no uniform agreement on how these costs
éhould be estimated. Even within a single organisation, one is unli-
kely to find two accountants who will agrée completely"”. Within the
inventory itself there is no problem with identifying the cost of an
item that moves on a regular basis as the charge will be costed at the

latest price paid, assuming the company works on a first in first
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out principle. However the cost or price that the company should rate
itself for an item that is held in stock for several years is‘extre-
mely difficult to calculate, often, that particular commodity will be
worth either far more or far less than its initial purchase price. It
is therefore difficult for the company to accurately account for the

actual cost of the inventory held.

To illustrate the accountants dilemma further it is worth examining
one single human input to the cost to order function of the EOQ for-
mula. A provision clerk may end up carrying out the following duties:

Customer feedback, Ordering, stock control,

Provision Clerk Issue processing, Demand experience,
Hastening.

These are just a few of the functions carried out by a provision clerk
within a company. The degree of constraint placed upon the inventory
will depend upon whether the complete wages of the clerk, the space
she occupies, the accommodation and support she requires are charged
against the inventory or against the overheads of the business. If
they are charged against the inventory they are a visible, perhaps
unjustified constraint, but if they are charged against the company

they are an invisible cost of carrying inventory.

The more readily visible constraints on inventory are, or should be,
laid down by management in their policy objectives. These directives
range from limiting the powers of purchase of individuals in specific

areas to limiting the physical quantity of stock which may be procured

i
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or alternatively the budget estimates are constrained over the time
period for which stock should be held. These are just a few of the
many éxamples that could be drawn on policy objectives that are laid
down by management and are sanctioned across the whole inventory with
scant regard for particular groupings, categories or specific special

cases.

WHAT IS CUSTOMER SERVICE LEVEL

3.8 Where a Policy objective may be regarded as tangible it is
theoretically possible to measure the degree to which this objective
is successfully achieved. There is an old saying, used when asked to
quantify some intangible, that evades the issue by saying how long is
a piece of string. This saying epitomises the problem faced by most
distribution managers. Definitions of inventory may be related to the
definition of physical distribution in that the start and finish
points which should be considered for inclusion are elusive:. The term
inventory is loosely used to cover any form of stock held to meet a
future (customer) need. The stock may therefore be in a raw, semi-
finished, finished, component or complete equipment state and it may
be made, assembled or simply bought by the company. - The stock may
pass through several intermediary integral levels of a company before
it arrives with a customer or at its first move may be used and con-
sumed by the customer or it may form part of an inventory held by the

customer. Whilst the expansion of start and finish points of measure-
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ment can be taken to great lengths most companies accept that the
inventory should be measured with regard to the stock level held and
the customer service level achieved. The majority, and all of those
companies who participated were adamant that, the customer service
level which the customer required and not necessarily that perceived
by the company was the most overriding measure of effective inventory.
The byline of one company supports this argument in that they believe
that "marketing sell the first machine, customer service of spares

sells the second".

The service level given to cuétomets is rated against the number of
demands placed and those met within a given timescale. The more
general methods of calculation are covered by Christopher 85. There
is however a very serious dichotomy which most analysts of efficiency
of inventory evade. Most service or public inventories support cap-
tive customers whereas private enterprise tend to support free custo-
mers. There are no lost sales when the customer is captive just
complaints or delays, both of which are used as cudgels to beat the
inventory managers. The publip inventory manager can therefore record
his actual service level at the branch (Ordnance Company) and customer
(nnit) level. This is not the case in private enterprise under most
circumstances. P Bailey and D Farmer 1982 "One very real problem is
that we know a good deal less aﬁout the service levels between the
branch and the customer". Private enterprise with free customers has

no way of measuring lost sales and this is perhaps the most difficult
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area for private companies without captive customers to quantify. If
therefore failure cannot be quantified then how can the level of suc-
cess be measured accurately. The majority of companies if asked their
service level will étate their objective at x% and their achieved
level at x-n2. Comparison of the set objective and that achieved by
companies does not always elude to a fair comparison of efficiency.
The majority of companies included in the study have more than two
levels at which inventory is held and it was fairly evident at an

early stage that there was no standard by which service level was

calculated. The two hain methods are illustrated
below:
CASE A CASE B
customer customer
OBJECTIVE ACHIEVED OBJECTIVE ACHIEVED
70% RETAILER 65% 95% RETAILER 752
60% INTERMEDIARY 502 952 INTERMEDIARY 85%
WAREHOUSE WAREHOUSE
807 MAIN 75% 95% MAIN 807
: WAREHOUSE WAREHOUSE

Customer Service Calculation
Figure 3.2
In Case A the company aims to meet 70 out of 100 demands at the
retailer, 60% of 30 demands at the intermediary and 80% of the 12

demands which arrive at the main warehouse. The objective service
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level is therefore 97.6% and the achieved, using the same method of

calculation is 95.7%.

In Case B the company aims to meet 95% of all demands at each level
but based on the receipt of 100 demands. Its objective is 95% but its
achieved, using the same method of calculation, is 80%Z. Case B con-
centrates not on the sefvice level to the customer but the Qervice
level between each element of the distribution chain. Case B there-
fore allows the relative efficiency of each stage of inventory to be
calculated. If however the service level for Case B is calculated
using Casé A formulae then the actual service level achieved is

99.25%.

These figures would be acceptable in either case as a true accurate
measurement, if the recorded figures at the retail point relate to
captive customers. If the customers are free then the number of
actual demands placed on the system is often unknown. For comparative
purposes between companies it would only be acceptable to compare ser-
vice levels achieved if the system and methods of calculation used are
identical. Servi;e level whilst being of vital importance to stock
levels and monitoring systems does not measure the effectiveness of
inventory for comparative performance. This is quite forcefully put by
E Landou 79 when he stated that "If we examine the trade-off between
investment and service for an entire inventory, instead of for a
single product, we find that there is no longer a direct

relationship".
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The Public accounts committees suggests that the RAOC examine best
. commercial practice ’because in comparison it is better. If the
customer service level and the customer expectations differ between
companies then it is also true to state that the Policy and doctrine
laid down to operate the system and meet the customer needs are also
different. If as is argued in paragraph 3.6 Policy is laid down
~dependent upon the type of inventory and the customer needs, then
measures of effectiveness are rated against the company Policy. To
illustrate this point company B's, inventory is held to support
flying operations. They had held for several years 12 nosecones for
their Viscount fleet. There had been no issues for 4 years. In one
day hailstones pierced 11 nose cones. Efficient inventories it may be
argued would have disposed of slow moving/dead stock and improved
their stock turn ration with no adverse affect on their customer.
Until the day, that is, when the spare is required and it is not

gvailable.

A parallel between the peace and war dilemma faced by the RAOC can be
drawn from this case in that the efficiency of the inventory cannot be
calculated until the premise for which it is held occurs. Regrettablyv
that is war. 1In a similar wvay compaﬁies B and C also hold stock‘té
support rescue operations/activities after a disaster/accident. The
movement. of spares 1is zero until the point in time when the
accident/disaster occurs. If the scale of the anticipated disaster
and war were equatable then it might be possible to measure the effi-

ciency of these inventories and then compare performance.
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WHAT IS THE MEASURE OF EFFECTIVE INVENTORY

3.9 The measufément of effective inventory must be viewed from at
least three perspectives. An inventory continually strives to achieve
more than one aim. Perhaps the greatest importance is the user of the
inventory (the Customer) and at the other end of the spectrum is the
owner of the Inventory who may be one or more stages removed from it.
Somewhere in the middle of the two is the inventory manager who must
put into voperation the wishes of these two whilst meeting their
conflicting requirements. No single measurement to deduce the effec-
‘tiveness of inventory exists. This is probably due to the fact that
few inventoriés operate under identical circumstances or with the same
constraints. Ten methods which can be used are summarised at Fig
3.5. Some of these methods are covered by various authors, most of
whom differ in how they should be implemented, others are regarded as
general practice within distribution systems andkare not documented.
They are covered, not to show what should be done but, to illustrate the
divergence of opinion, documented in Chapter 4, of what effective

inventory means to different types of inventory.

3.9.1 ABC. Management of stock is time consuming. Time costs money
and>most managers will therefore attempt some form of segregation to
allow the focus of attention to fall on those items considered most .
important. This type of analysis is often very crude and the results
change from period to period. Based upon the Pareto 80/20 theory
which is applicable to many inventories after certain caveats
(*Note 1) have been applied. There are two forms of analysis,

ABC Throughput and ABC Value Throughput.

Note 1. If all non-moving stock is disregarded totally within an
inventory 20% of all issues account for 80% of demand.
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3.9.1.1 ABC Throughput. This analysis is only applied to the

quantitive number of units sold/issued/demanded in the time
period under review. It clearly identifies where the movement of
stock is taking place. It is however easily manipulated or
affected by pack size or units of account, shelfllife, seasona-
lity and durability of product. There is a tendency for a
blurring of the B Category within A and C and the tendency is for

the B to be absorbed into A leaving just A and C categories.

3.9.1.2. ABC Value Throughput. Perhaps the most widely used ana-

lysis within the distribution field. By multiplying the through-
put by the value ABC ranking is much more effective. Management
time is concentrated on those areas where the majority of the
capital is being expended. By the addition of a stock times cost
column the inventory can be pared to a minimum stock holding
level whilst maintaining an acceptable Customer Service Level.
It requires a rapid form of analysis carried out on a regular
basis. The larger the inventory becomes the more unwieldy the
data is and analysis tends to be carried out less frequently;
The data represents a historical snapshot and is not an indica-
tion of future sales or demands. Background information on each
product is required before inventory planning decisions can be
made. The analysis does however offer a means of establishing how
well the inventory is being controlled. It can be distorted by
external constraints which if not clearly identified will lead to

incorrect assumptions being made.
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3.9.2. Stock Turn. The stock turn is normally taken as the ratio of

annual sales/issues turnover to average stock levels. The stock turn
is used to give a measure of how efficiently companies are employing
their stocks. Figure 3.3 shows 5 groups of companies min and max

stock turns.

Food ' Textiles
Drink and Chemicals and | Electrical and Distribution
Tobacco | Allied Productd Engineering | Clothing Trades
Min| 1.4 2.4 4.0 2.3 3.1
Avg | 10.4 14.7 5.2 10.4 14.4
Max | 27.6 75.0 6.3 . 21.1 30.9

Stock Turn Table
Figure 3.3
Reproduced from Survey of Distribution Costs Centre for Physical

Distribution Management 1984.

This analysis when compared with other companies indicates whether the
iﬁventory is Active or Passive. It is & clear indication of the use of
capital and shows whether or not defined Policy is being implemented.
It can be used in conjunction with the depth of stock analysis to
as;értain the percentage of inventoty not under control. The RAOC

inventory and 2 of the participating Companies achieved a stock turn

of % and would not have been included in the categories displayed in -

Figure 3.3.

3.9.3. Service Level. The setting of Service Level is always a Policy

decision therefore the analysis of the performance of the whole inven-
tory or segments of inventory to meet laid down policy is often carried

out. The analysis can however be totally meaningless or counter pro-
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ductive. Service Levels are often laid down for inventory in a blanket
fashion with little or no thought. Much work and study has gone into
Customer Service and thé effects of lowering Service Level and the sub-
jeét is surrounded with a certain mystique. There are two points which
should be noted. Firstly the only person who understands what he wants
is the customer and secondly the best system in the world is not
foolproof. Any attempt" fo incfease service 1level will involve
incréased cost and normally increase stock holding. For true service
level covering the period from raising to meeting a demand too many
agencies are involved to ensure credibility of figures. The analysis
is always prone to manipulation and there is no safe method of checking

accuracy.

3.9.4. Stock Out/Back Orders. Customers are the life blood of any

inventory and failure to supply, whether total or within the quoted time
frame, is omne of the predominant ongoing analyses within any company.
Statistical presentation of the failure is insufficient to deduce
whether or not the inventory is meeting the constraints or demands
of Policy. It is necessary to inveétigate each and every faiiure to
ascertain the primal cause of failure in order that modification to the
system can be implemented. A rising stock out rate can be indicative
of many external factors and should not be used in the first instance

to level accusations of inadequacy. The most frequent stockouts should

occur in the product launch or product decline phase but only careful
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investigation of both Policy and cause will ascertain the real reason.
Within the automotive field for example & customer will wait for many
months for a Jaguar or Morgan but expect almost instant delivery for a
-Meéro or Cavalier. Similar comparisons should be drawn fbr complex and
simple spares held within Inventory. A Policy decisioﬂ stating that
buffer stocks will increase when X percent stockouts occur is nugatory.
Stockouts are vulnerable to chain reactions from ménufacturers and
suppliers and to customers whims and wishes in fashion vogue, and seaso-
'nality. As a barometer to implement positive action the stockout ané-

lysis is useful but should be treated with care.

3.9.5. Customer Complaints. Verbal or written complaints receive dif-

fering degrees of attention dependent on who makes them (the status of
the customer) and who receives them (the status of the individual).
Any member of a company not involved with inventory is unable to
comprehend why 'Storespeople' cannot get their act together. 1Ideally
customer complaints should be properly tabulated, each one receiving
preferential treatment albeit only a letter, and when a trend becomes
vigible effective action to change the system or the Policy should be
taken. Inventory management effort is often needlessly wasted pre-
 paring historical background to placate a supposedly irate customer or
defend inventory Policy when their time would be better .employed

resolving real inventory problems.
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3.9.6.  ROCE. Return on Capital employed is largely only usable when

the inventory interfaces directly with a cash paying customer. When
this is the case the first difficulty is deducing what elements repre-
sent the output and the second is normally who really generates the
input. Marketing would always argue that their effort produces the
main input but dislike their overheadslbudget being controlled by the
inventory budget. If inventory is the sole profit earning element
within a company roce analysis is an invaluable tool. Its best effect
is to identify within the inventory those items which generate most
profit. This allows the focus of managerial effort to stay with those
items. When inventory is one element of a larger conglomerate contri-
bution to overall profit and the share of costs may be disproportionate
and roce becomes in this instance less effective. Where an inventory
is used in a support or service mode to a profit earning area then
investment returns from inventory are even more difficult to calculate.
It is often easier to combine two support activities in this instance
to give a cost to maintain a unit of equipment. Without some form of
financial comparison the inventory will be unable to justify its
actions or fight for coherent Policy. It becomes a financiers budget
target and the output damage may not be evident until the damage is

irreparable.

3.9.7. Inventory Costs as Z of Sales. Inventory or distribution costs

are generally taken to be those costs covering Storage, Inventory,
Transport and Administration. Each company will have its own views on

what costs are included but if comparison is considered these costs
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should be clearly defined especially in the administration, building
and stock depreciation areas. Preparation of such an analysis leads to
a clearer understanding of Fixed and Variable overheads within distri-
buéion and enable more effective decision making. Normaliy this analy-
sis leads to a progressive reduction in direct labour but in addition
warehouse space and stock levels can often be optimised. The Centre
for Physical Distribution Management argue that the magnitude of a com-
pany's distribution cost to sales ratio, does not necessarily reflect
the true importance of the distribution operation as a profit genera-
tor. A more important measure‘is the distribution cost to profit
ratio. The higher the ratio, the'greater the impact that even minor
changes of the diétribution cost profile will have on a company's pro-
fit performance.

The table at Fig 3.4 shows the Inventory cost as %

of sales in 5 categories. The RAOC and Thesis Companies all had an

Food Textiles

Drink and Chemicals and | Electrical ~and Distribution

Tobacco | Allied Productd Engineering | Clothing Trades
Min| 0.91 1.93 5.51 1.16 0.48
Avg| 13.37 6.23 14.49 8.22 11.46
Max | 20.37 15.7 23.48 18.38 32.33

Inventory cost as X of Sales

Figure 3.4

Reproduced from Survey of Distribution Costs Centre for Physical
Distribution Management 1984,

Inventory cost as $ of Sales in the Maximum bracket 20 to 28. The
large § of slow or non moving inventory, held to minimise risk, face
even the so called 'best commercial practice' companies into the

maximum ratio area.
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3.9.8. Depth of Stock v Policy. This is one of the simplest stock ana-

lyses to carry out but it normally pfoduces the wrong effect if unsup-
ported by documentary data. The an;lysis is quick and crude, provision
of the documentary support is often time consuming and often una-
vailable due to the passage of time. Simply dividing.stock on hand By
period usage will give the weeks, months or years of stock held within
'inventory. Carried out regularly it allows stockouts to be prevented
‘ by timely action and that is its main use. It should however be used
for two other checks as well. Company policy should state a maximum
and minimum stock which should be held. Normally only the less than
minimum area receives attention. Excess stock holdings should be as
vigourously analysed as shortage of stock. It can also be used to
check the excessive zeal of procurement departments who at times ignore
the formula, calculations and policy because they are privy to infor-
mation no one else possesses. This analysis therefore is of benefit to

both inventory and procurement departments.

3.9.9. Forecasting Accuracy. Forecasting is at worst a guess and at

best a calculated gamble. A marksman when he fires a shot will find
out how much he missed by, alﬁer his sights and repeat this process
~until he hits the target. 1If he fails to hit the target he may change
his rifle or ammunition or practice more. The accuracy of most fore-
casting models is too infrequently assessed or checked but the inac-

curacy can be ascertained from the overstocking and understocking
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within inventqries. Practitioners and systems managers appear unaware
of the different forecasting models available to them and are prevented
by.cost from implementing alternative solutions. Each firm tends to
have two forecasting systems, the calculated one in the computer and
the human generated one after the machine has finished. Few companies
assess their forecasting accuracy and only the large conglomerates run
simulation models to constantly check and practice their system.
Forecasting inaccuracies which are understock are highlighted by the
customer very quickly. Over forecasting tends today to be absorbed
into the inventory. It can easily be spotted by a depth of stock
policy but this is often too late. Forecasting accuracy checks should
be run on a regular basis if stock levels are to be maintained

correctly.
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MEASURES OF EFFECTIVE INVENTORY

Serial Analysic

Effect Use Remarks
(a) (b) (c) (d) (e)
1 ABC Categories Concentrates Variation between
Throughput Movement Resource effect categories can be
significant/
insignificant
2 ABC Categories -Concentrates Generally represents
Value Capital Management " minute preparation
Throughput Employed effort of item headings
'3 Stock turn Deduces Comparison with An indicator of
Active like Inventory use of capital
Passive '
Inventory
4 Service Increases Controls Difficulty in
Level Inventory Availability measurement
between
Captive/Free
customers
5 Stock Out  Indicates Yardstick for Affected by

Back Orders

6 Customer
Complaints
7 ROCE
8 Inventory
Costs as
% of Sales
9 Depth of
Stock V
Policy
10 Forecasting
Accuracy
Note:

poor control

Dependant
on status

of Customer

Decreases

Stock Levels

inventory
holdings

Various

Monitors
employment
of capital

Decreases Moniters
Labour employment
element of labour
Limits Control
Stock Purchasing
Holdings Element
Decreases/ Control
Increases Stock
Stock levels Levels
Figure 3.5

seasonal demand
and supplier
failure

Often .depends upon
acceptance of
complaint

Only effective where
profit is generated

Depends upon
interpretation

of cost parameters.
Easily manipulated

Policy is normally
ambiguous

Most models tend to
monitor under not
over forecasting

Figure summarises paras 3.9.1 to 3.9.9 and completes

description contained in para 3.9 (page 3.25).
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IS FORECASTING POSSIBLE?

3.10. Forecasfing by its very definition is a prediction or
caiculation in advance of an event happening and by its very nature
must be assumed to contain a degree of inaccuracy. Forecasting is at
best an art which may be improved by the application of science or
clear methodology. Most authors agreed with this format or defini-
tion albeit with differing words. J Gattorna 1986 simplifies the
complete statement even further "What happened last week, or last
year, provides no guarantee of what may happen now or tomorrow".
All the literature researched covering forecasting, whether briefly in
a few pages or in great depth, tended fo make generalised assumptions
about the type of inventory with which their forecasting model or

models would deal.

The most recurring assumption which is apparent in all literature and
especially in System Paper 29 is that past demand history would be
representative of future demand. This assumption contained one futher
element which relied on the variability of demand conforming fo the
normal distribution curvé. This simplex approach to forecasting is
regrettably still very much the state of the art technology in use
today or in some companies state of the art for tomorrow! The
greatest failing of this approach to forecasting is for new or old
items, R H Hollier in a paper addressing these two particular
problems stated "In a distribution context, problems occur par-

ticularly during the introduction of a new product when there is
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little service data available, or the phasing out of an old product
where spares have to be provided for the expected consumption life of

the product".
In order to assess the state of the art twenty Companies

specialising in Logistics Software were written to and

asked what forecasting models were contained Qithin their packages. All
replied thaf no forecasting model was put in but the bespoke system
already operated by the company would be programmed into the package

on implementation. All of the companies with which this thesis has

dealt are still using a form of exponential smoothing which depends

upon the assumption of normality past and future and conformity to the

standard distribution curve.

The tacit acceptance by the distribution professional whether he be
from a public or a private concern of the efficiency of a forecasting
system based on past demand is incomprehensible. It must be assumed
that the distribution manager believes he is in control or has control
;ver the situation. This is invariably incorrect and as 0 W ﬁight
1974 states '"Forecasting is like aiming a gun; the further away from
the target one stands the less accurate one is likely to be". The key
to this acceptance however may be gauged from the comprehension of the
inventory that is held and the visibility of the problems discussed in

paragraph 3.4.

little of the literature researched admitted that the inventories
which they were discussing were perfect and homogeneous but all in

~some way or another devise systems by which the variability from the
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norm could be removed in order that the inventory again became uni-
form. The most documented element which is removed constantly is
seasonality and most items according to the literature search, once
seasonality have been removed, return to uniformity and are adequately
foreéast using the standard distribution curve. Certain authors and
companies were still not happy with the simplicity of their fore-
casting models or in fact the accuracy of theif systems. The extremes
that companies go to can best be illustrated by O W Wight 1974. "As
a result, we frequently see techniques of little significance, like
linear programming, refined, re-refined, and mountains of literature
written on a subject that really has very limited application". In
addition companies have tended to build in increasing complexity in

the models that they use to cater for:

a. Marketing feedback.

b. Operational research.

c. Technical engineering data.

~d. Customer survey.
e. Environmental changes.
£. Changing trends in:
(1) Economy or GDP.

(2) 1life styles.
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The increasingly complex models have however not been aimed at
individual groups of items but against total inventories. D Swann 1984
sums up the resultant effect adequately "An unsophicticated technique
used properly will yield better results than a sophisticated technique

used poorly".

IS DEMAND DATA AN ACCURATE BASE ON WHICH TO FORECAST

3.11. The customer whether he be a civilian in the street or a
fighting soldier in the field has little if any interest in the
problems of the supply system on which he depends. As long as the
materiel he requires is available when and where he wants it in order
for him to continue operations then all well and good. To expect him
to manage his demands on the supply system in order to generate a
stable even take-off of stock is to ask the impossible. As a service
industry we must expect to react to the whims and wishes of our custo-
mers. In order to attempt to even out our demand pattern; the supply
agencies will offer more favourable terms of payment or quantity
discounts during recognised slack periéds. Regrettably those iﬁduce-
ments are only possible where an element of profit or financial flow
is involved. It must be accepted that those companies who operate in
the distribution field to earn direct profit may if they so wish, via
special offers, influence the buying or consumption patterns of the
- customers they serve. They are therefore in a position to materially
influence their demand patterns in order for them to meet the fore-

casting model they employ. The efficiency of the model is therefore
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partly reliant on the marketing policy and partly on the customers

needs.

Whilst this elemen: of literature search is well covered the arguments
can be biaised either way. ‘"Has the ability" does not mean tht 100
percent success is guaranteed. An example of the principle is the
reduction in coal prices during the summer months in order to even out

demand versus production.

For those companies operating in a closed/nmon profit environment
whether in the public service or in support of equipments or opera-
tions in the private sector this influence on demand is denied.
Whilst they are able to predict _those months when demand will be
greater they are unable to move or temper the effect on their stock
levels. Reactive forecasting models will immediately increase the
stock levels at the exact pdiht in time when they are least required.
The normal distribution answer to this scenario is seasonality but it
;s not seasonality that is being discussed. Seasonality is a known
increase at a particular time of the year for a particular product or

product range eg Easter Eggs.

Whilst the time or times of year can be accurately predicted and the
volume of demands is generally of the same scale the product or pro-
duct range required will be dependent on some outside factor or

variable which is unknown. Within the military enviromnment there are
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two‘demand surges per vear. These surges correspond to known
predictable events. The first which occurs in February/March
corresponds to the major inspection period when Unifs (cﬁstomers)
are assessed on their ability to carry out their role. All
equipments and troops are brought up to the highest state of
operational and military standards. The second period corresponds

with the annual major exercises in both UK and BAOR.

This bi-annual 'seasonal' surge is clearly shown from the demand peaks in
Figure 3-6. These demand surges occur at the same period each year but for
different NSNs. The equipment and spares usage will be dictated by the

scenario being played, the total number of troops, the
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weather conditions and many other variables. It is not possible to
predict what items will receive the greatest usage or damage.
Although the time of the two surges can be identified the itéms
required to meet the demand vary from year to year. A similar, if not
identical problem is faced by the National Health Servi?e. The number
of illnesses increases with severe changes in the weather but the type
of illness is dependent on the strains of bacteria which have spread
and multiplied. The pharmaceutical products required are dependent
not on the number of casualties but on what they are suffering from.
A greater risk of stockout will occur during these situations and it
is quite normal, from the military data, for demands to exceed 3 stan-
dard deviations during these periods. The forecasting model described
in Chapter Two willladjust the FQD upwards to track this demand which
may never recur or if it does will not recur in a seasonal format.
The cost to hold variable of the EOQ formula is based upon steady in
and out flow of stock. Under the above conditions the cost to hold
variable is artificially increased and the EOQ formula partially if

not totally negated.

The problem is»further exacerbated by the existing policy which allows
units (customers) to carry 30 days worth of stock. 'Thé rapid con-

sumption of stock during these periods is not presently matched with a
communication system which will allow this drain on resources to be

identified at an early stage. Stock at the unit may be equated to the



3-42

stock held by a high street subsidiary outlet and similar to commercal
concerns the daily or hourly stock levels are not visible to the
distribution system. This problem which is not peculiar to the mili-
tary is being addressed by Point of Sale (usage) technology and within
‘the next few years may be overcome. The in;reased speed of com-
munication and demaﬁd data does.not»howevet solve the problems but
produces a better awareness of stock usage. To be totally effective
from a TDC viewpoint the complete system must be adjusted to allow the
replenishment at the 5ase level at which stock is held to be
accomplished at a greater speed. The present military administrative
lead time of between 3 and 6 months would be unable to cope. Semi-
instant usage/demand data would allow the system to move closer to a
KANBAN/ just in time form of stock replenishment but would require a
complete overhaul of the financial and procurement systems operated

within the MOD.
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WHAT PEOPLE DO

CHAPTER 4A. AVAILABLE AND ALTERNATIVE SYSTEMS

4.1 Introduction

" In Chapter 3 real life constraints and working conditions have been
ignored. All of the work referred to was manuscript albeit with some
case studies. This Chapter will concentrate on real operating
systems, These systems have been chosen because of their supposed

~similarity of use of formulae or operating conditions. More than

- those companies covered were approached, many were uninterested and
did not wish to take part, some offers of assistance were not taken up

because of time and distance. Certain 'visits' were via air mail only
due to lack of funds. The first 2 paragraphs, 4.2 and 4.3, cover

methods and systems generally used in distribution companies today.

The third paragraph 4.4 discusses and compares the RAOC and study com-
pany systems. The latter paragraphs cover each of the study companies

in greater detail,

4.2 Categorisation of Inventory

The variation of demand for spares during an equipments life can never
be accurately forecast. This is a deliberate statement which is
totally opposite to the normal starting point of any attempt to fore-
cast or control inventory. It is not an admission of defeat but rather
a practical as opposed to a theoretical approach to the problem. The

more normal approach is to assume that past and future demand will
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remain constant and that the parts used will be consistent with a
normal standard distribution. The theoretical approach caters ade-
quately for only one period during an equipments life and that is
normally the mid point. It is an accepted fact that for equipments
there are phases of life when the requirement for spares or the item
will vary widely. There are differing views on when life starts and
when life should end.‘ The most basic subdivision is introduction,
stability and phase out. J D Patton subdivides these periods even
further into preproduction, product introduction, normal life phase,

post production and termination. If the correlation of the usage of
‘spares against the progression of time is accepted then the sub-
division of the bath tub curve must illustrate the absurdity of the

standard approach to forecasting and inventory control.

Failure

- . an -y -
- - - am

!
Introduction : Normal Life/ ; Phase
| Stability \ Out
! !
Time

Bath Tub Curve

Figure 4-1
Any inventory be it small or large will contain item headings which
perform in totally different ways. The rate of their usage will
depend on Qhere they are used and what they are used for and who uses

them. For example the life of a paint brush can range from a single
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use to many years life dependent upon the care of the operative. A
radio antenna's life may depend on whether it is used by a recruit or
é trained soldief. Both items may have differing life spans when used
in'a hot or a cold climate. The larger the dependency-of customers
the greater the possible variation in use. Prior to assessing fore-
casting and control techniques it is therefore important to examine
what categories exist within inventories and should any differen-

tiation be applied to these categories.

Technology may often change our future but the historical past will
often influence the effect of Technology on the systems we operate.
It is now widely recognised that transferring manual inventory systems
directly onto Computer systems precludes the potential benefits of
computer technology. This area was discussed in paragraph 2.3 Chapter
2. Inventory practice has been, and still is today, prone to sub-
divide inventory into like item related components and then sequen-
tially number them, often with a master identifying number or
alphabetic classification. This standard practice facilitates pro-
curement procedures and enables related item groups to be cbnsidered
for purchase to ensure maximum economics of purchase. 1In addition it
increases identification of the part by purely its number. The most
widely used system and that implemented by the RAOC and most‘companies
is the Federal Supply Classification (FSC). "The structure of the FSC
aé presently established, consists of 76 groups which are subdivided

into 595 classes. Each class covers a relative homogeneous area of



commodities, in respect of their physical or performance charac-
teristics, or in the respect that items included therein are such as
are usually requisitioned or issued together, or constitute a related
group for supply management purposes". Reference Federal Supply
Classification 73. Whilst the numbering systems used for identifying
groups ha§e their uses most inventory control systems take classifica-
tion one or more stages further. The disparity of price, use, profit
potential or need (Public Sector), simple or complex and other factors
depending on the product may be used to further classify inventory. It
is not the method of classification or the steps in classification
that are important. Classification is a time consuming, humén inten-
sive operation for even the smallest inventory. The classification
must pay back the effort involved by producing some financial or quan-

tifiable improvement to make it worth doing.

The RAOC Inventory and Companies A, B and C have all classified their
inventory into 3 main classifications which may be subdivided further.

These classifications are:
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Class Mil Definition Civ Definition
INV CLASS 1 ,Those items which reqdire Rotable/Equipment
detailed planning for Those components
procurement and/or of key importance
repair, deployment and disposal. to serviceability

which are indivi-
dually serialised
to enable their
origin to be
traced. Maintained
by repair or
overhaul.

INV CLASS I] Items maintained by procurement and
or repair depending on circumstance1 Consumable
' /repairable

IV CLASS III 1Items maintained by procurement. consumable/non
repairable

- Civilian Military Classes

Figure 4-2
Academics and certain progressive companies, Company D is one example,
have taken classification far beyond this temporary and unrealistic
area. If the classification is not directly related ‘to the Total
Distribution equation and the Operational Policy of the compény then
it is argued that the classification fails to fulfil one of its main
purposes. This benefit forms the basis of D‘Ray and S Millman's 78,
case for bptimal inventories. They argue that "stocks should not be
dealt with in a blanket fashiqn; certain selling items are a lot more
important than others." Whilst arguing that service levels are dic-
tated by competition and what we can afford they identified, critica-

lity, subsfitution, stock dispersion (multiple inventory levels),



state of the market (increase/decrease) and distribution channels as

possible variables.

Critical, vital and essential or whatever derivative is being used to
define items of the highest importance represents the major stumbling
block for the Inventory Manager. When viewed from the perspective of
the customer any item that he fails to receive may be of critical
importance to him. In the commercial context failure to supply has
been investigated, studied, analysed and quantified but 'there is no
theoretically correct answer' E Landau (1979). It is the area of
degrees of importance however that some theoretical and practical work
has had some bearing on Inventory control. J D Patton 1984 argues
that there should be four essentiality codes for service parts.

Failure to supply results in:

Code 1. Safety or Legality infringements.
Code 2. Equipment not operational,
Code 3. Degraded operation of Equipment.

Code 4. Minor cosmetic effect.v

He does by inference however suggest that the number of equipments
deployed by each customer should also be taken into consideration
prior to holding the service part. His statément "a particular piece
of equipment may be essential to a specific customer" destroys the
clear grading of 4 types of stock. If a customer can regard a code 3

item as a code 1 item related to the equipments he possesses then



the code>is invalid as an inventory control tool. Within the context
of customer expectations the military are similar to commerce. E W
Smxkay 1973 also attempted to produce a set of essgntiality codes
which differ significantly from J D Pattons. He suggested a set of

combined values as follows:

Code 1. Must be immediately available to maintain operation of
machine.
Code . 2. Critical to continued operation that may be delayed not

more than 7 days.

Code 3. Not critical to continued operation that may be delayed

more than 7 days.
Although the military customers may all be Army they have individﬁali
equipments and importance within the overall structure. That is not
to say that Armies have not studied essentiality but that no acceptable
coding has yet been produced or implemented. The American Army in
i982 were unable to provide essentiality codes for research into
Alternative Forecasting Systems carried out by Assistant Professor Dr
J Wayne Patterson (82). Essentiality remains the undefined goal of
inventory systems and the American Army have built into their computer
systems the ability to rapidly implement some code or grading once
éefived. "Although essentiality rules for specific items within a
heterogenous group of items have not been established, an essentiality

function is included in the TVC equation for use when essentiality of
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some items in @ group over other items is readily apparent and for use
in the future, should such rdles be established" DOD 4140.39 1985.
M J Ploos Van Amstel approached the problem from a different angle.
ﬁi; views which are incorporated already in some privaté companies but
none of those in the study concentrate on value and volume. He

suggests there should be four main categories:

A Low Value Large Volume

o

High Value reasonably Large Volume.
c High Value Small Volume

D Low Value Low Volume

Not content with these foﬁr categorisations he suggests that there are
two other areas which can influence the categorisation and control of
stock. The first, product characteristics, he argues is significant
to all aspect of Physical Distribution and all of the Study Companies
were aware of these factors. Within this area he suggests items may
by their characteristics be moved from one category to another depen-
dent on the ratio between vblume and weight, products per - standard
carton, cartons per standard shipment and the sales (outlets) organi-
sations which can sell (handle) the product. The second area,
transportation, he suggests is '"Not considered under inventory
control”, Within this area he has identified types of deliveries,
distance, size of flow, speed of transport and the location of factory
(depot) to sales (outlet) organisation. He concludes by stating that

"different products have different requirements". If this is there-
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fore correct then different products require different control
techniques. It is questionable therefore whether categorisation should
be -based on value or volume or whether each individual iteﬁ should be
assessed on its individual characteristics. To operate an inventory
control process which catered for each and every individual item
within an inventory is, even with todays technology, some way off into

the future.

Whilst all inventories have been classified in one way or another the
only categorisations that have been implemented are based on Value,
Repair or Volume. Every Inventory professional and their customers
accept that this is insufficient but no essentiality or criticality

'

categorisation has been found,

4.3, Forecasting Models

There are three methods of forecasting stock holdings. Each has been
well documented varied and tried. No one system has been found which
is all things to all stock. Proponents of each system compare and
contrast its merits against either one or both alternative systems and
by taking a small carefully chosen sample of inventories extol the
virtues of the system they are describing. The three systems can be

described as:

1. The statistical and mathematical manipulation of past data.
2. The explosion of equipments to produce master parts lists.

3. Strategy buying.
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The average company inventory will respond to any of these three
systems and there will be advantages and disadvantages dependent
upon the method pf implementationband the data capture prior to
execution. Every inventory contains some new, some old and some
mid life item headings so no matter how carefully implementation
takes place there should be>three degrees of accuracy or
inaccuracy during the initial stages. The public and private
companies used for evaluation are however atypical. Their
inventories are not measured in tens of thousands but hundreds of
thousénds and their range of category of stock encompass that
normally held by several companies. On one interview the remafk
was made that you could drop the Unipart inventory into the RAOC
inventory and never see it again!

4.3.1 Statistical and Mathematical Manipulation

A mathematical model is dependent for its accuracy on the status
quo being maintained. Most models whether purely mathematical or
mathematical and statistidal, start with the assumption that future
demand is known and will mirror past.demand. The classic sawtooth

shown at Fig 4.3 is however representative of few types of

inventory item headings.
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Figure 4.3
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When such a situation is identified stock levels can be reduced to the
minimum with little probability of stock outs occurring. A computer
controlled inventory operating a derivative of this system is inca-

pable of recognizing the difference between a perfect sawtooth and a

non-moving item. To a forecasting model constant regular usage is iden-
tical to zero usage. That is to say that as long as the standard
deviation does not change then most éomputer forecasting models do not
trigger alternative policies. Constant zero usage represents the finest
most stable form of demand. This is however not acceptable to the provi-
sioner, who regards zero usage as non credible usage history and main-
tains in many cases artificial stock levels just in case! Irregularity
is a recognised problem and the more reactive model with some form of
exponential smoothing allied with tracking limits is normally found.
This amended model will normally cater for increasing or decreasing
demands albeit with some delay. Dependent upon the weighting the fore-
cast will track present or averaged past data. When used as a blanket
model recognition of which phase of life the item heading is in is not
possible. Once again the non-moving item will respond as the perfect
part number. The major exception to the use of this model is however

seasonality.

Fig 4-4 illustrates the likely tracking response of a complex model
through the expected life of a spare and Fig 4-5 is a representation of a

regular mid life item with a biannual seasonal surge.
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The major effort in manipulative ﬁathmatical models has been to produce
a reactive and sensitive formula which, using the minimum data, responds
most closely wifh the actual demand with the least error. Research has
concentrated on the more normal items and known factors affectiné demand.
Available models therefore can cope with standard distribution, Poisson
distribution, forms of skewing, variable lead time, seasonal variation
and variable demand patterns. Whilst the definition of wvariables is
indicative of change it should be noted that the majority of the
variation catered for by existing models is time predictable (eg seaso-
nal) or represents minor (often insignificant) variation. Those more
reactive and complex models have been designed largely to eradicate the
number of manhours required to control inventory by allowing computers to
control part numbers. This can however be a negative approach and this
view is supported by E S Buffa 1983" The best results are seldom
obtained through the mechanical application of a model. Subjective

inputs from knowledgeable people can improve forecast accuracy".

it is accepted that different variables affect different item headings
and inventories. The number of alternative models now available make the
inventory managers task more complgx{ If he identifies that his system
is not as efficient as he or hié masters would prefer, what options are
open to him? Does he opt for a new alternative model or a series of
models to cater for each part of his inventory. J Sussams 1986 iden-

tifies the major benefit of choosing the correct method. "It is clear
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that a forecasting procedure which takes into account trends and seasonal
patterns and which identifies and ignores exceptional, one-off demands,
will generate fewer and smaller errors than a crude procedure which, for
example simply takes this months demand as a predictor of next months
demand. = The more reliable the procedure the less buffer stock it is
necessary to hold for a given cover". The majority of the proponents of
models and systems however place a serious caveat on the models they wish
the inventory manager to adopt. The RAOC system starts with the caveat
that all demands are expected to fit the normal distribution curve, which
with the size of the inventory is a somewhat absurd statement. The stand
-ard deviation of demand within the lead time is a suitable measure of
variability for all normal items. The inventories with which this thesis
is concerned are however not normal. "There are certain types of busi-
ness such as fashion goods, consumer durable and spare parts, where a
large proportion of goods do not behave in the 'normal' manner". J
Sussams. There would appear therefore to exist an ideal (academic) and a
real (practical) situation with regard to forecasting. In the ideal

world the conditions are:

a. Knowledgeable people control inventory.
b. Variables are known and predictable.
c. Models are good and adaptable.

d. The inventory is 'normal',

In the real world however the more likely conditions in which forecasting

models must operate would probably be:
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a. Poorly trained and less knowledgeable people.
b. Variables tend to be unpredictable.
C. Models are partly successful and not adaptable.

d. The inventory is not normal.

The real world can best be summed up by the following statement made by
T J Drakeford of LUCAS Electrical Limited at the 1987 ILPDM Conference.

"Sometimes I feel more like a museum curator than a stock manager".

The existing models which are available today and brief comments on their

applicability are shown in Figure 4.6.

Forecasting Models

Serial Model Caveat : Comment

(a) (b) (c) (d)

1 Simple Arithmetic | Constant demand. | Short range projective
' Mean Requires buffer Does not attempt to

stock in all caseﬂ cater for any known
to cater for variable. Applicable
variation. when no deviation in
demand pattern.

2 Moving averages Demand should haved Short range projective.
standard deviation Places greater emphasi

- Requires buffer on most recent data.
stock in all Tracks seasonal and
cases. Requires cyclic demand
historical data. | retrospectively.
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Forecasting Models

Serial

Model

Caveat

Coﬁment

(a)

(b)

(c)

(d)

3

Exponential
Moving Average

Variables should '

be constant and.
recurring.
Requires buffer
stock which is
dependant on
Lead Time.

serious over-stocking

Short range predictive.)
Will track, depending
on weighting of
constant. Will lead to

if Lead Time is
excessive and variabled
are non-recurring.
Does not forecast
trend. Normally lags
demand.

Exponential
Moving Average
(Trend Model)

As above

Model becomes more
adaptive to real trend
and smooths out random
variation. Cannot
immediately
differentiate between
random fluctuation and
change in trend. Tends
to increase Stock
Levels but improves
Service Level.
Normally lags demand.

Exponential.
Moving Average
(Seasonal
Model)

Requires

2 years data,
Demand
variability by
month must be
constant,

Does not cater for
trend. Choice of
smoothing constant
affects forecast error.
Product life cycle not
catered for. Normally
lags demand.
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Forecasting Models

Serial

Model

Caveat

Comment

()

(b)

(c)

(d)

6

Exponential
Moving Average

(Trend & Seasonal

Model)

Requires 2 years
data. Trend must
be gradual and
demand variability
by month must be
constant.

Choice of smoothing
factors can seriously
affect forecast.
Increases computing
time required. Depends
on variables reacting
smoothly. Can
increase stock levels
significantly when
random demands occur,
especially if the
system is programmed
with automatic

buy sequence.

Exponential
Moving Average
Adaptive

Inventory must
consist of medium
to fast moving
item headings.

Adaptive smoothing
constant automatically
implemented by computed
eg Trigg Leach model
1967. Reduces manual
intervention. Tracks
more closely the
changes in demand.
Susceptible to random
and seasonal variation
No significant proof
that there is any
improvement over
single exponential
smoothing system.

Fourier Series
Least squares

Depends on demand
remaining constant
by periodic month.

Increases
significantly computer
costs. Improves the
fit to historical
data. Tends to reduce
MAD. Depends on the
minimum random demands
and normal item.

Figure 4.6.
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4.3.2. Material Requirements Planning

If EOQ and ROL systems may still be considered state of the art, in
that they are not totally or widely used then Materiel Requirements
Planning (MRP) or Distribution Requirement Planning (DRP) must be
regarded as innovative high technology. The explosion of an equipment
into its Bill of Materials has been regarded as a preserve of those

industrial concerns who concentrate their efforts on production.

However even within these specialised spheres the actual uses of MRP
‘have been extremely limited, when considering that MRP was discussed
and introduced in the 50's and 60's. MRP can be likened to a spider
in that the data that it requires to function correctly must be woven
like a web through the business to which it is being applied. This
data must be accurate up to date and as pointed out by Orlicky 1975
its implementation depends for its success on the acceptance by
everyone in the firm from top management to the MRP user on the
workshop floor. SA MELWYCK and CJ Piper 1982 would further argue that
MRP requires reasonable estimates of manufacturing lead times. The
resurgence in interest ‘in this particularly complex method of inven-
tory planning can be attributed to the increasing availability and
decreasing cost of high powered large memory computers. The ability
to search several bills of materials for a particular part number with
computer back up has produced the feasibility of the introducion of

MRP at a much lower level than hitherto. WMRP is however only usable
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in situations where the demand placed upon those items within the
inventory is dependent based. It would be illogical to attempt to put
an MRP based ﬁystem into effect where only independent demand is
rec;ived. Even where the total inventory held by a maﬁufacturing com~
pany was known to be dependent based the implementation of MRP based
systems has not always been successful. The failure rate for implemen-
“tation has been extremely high and is quoted by MELWYCK and Piper 1982

as‘béing in the region of 80-90%Z.

The concepts of dependent and independent demand are normally viewed
in isolation and as their users are engineers or statisticians this is
quite understandable. Implementation of new systems is expensive and
normally results in dynamic change. Change in any area of life is
viewed initially with suspicion. The present inventory control
options discussed within firms is either to adopt EOQ or MRP in total.
It is easier to affect total change than it is to do partial change.
Total change with newb systems and operating policies will invariably
be more efficient than the previous inventory control system. Few
companies have changed systems and the study companies who aré working
towards change do not intend to compare new versus old systems but
éérvice to customer improvements. Whether the service to customers is
because of the new system or the changes in procedures of inventory
control will be hard to analyse. It is debatable whether the same
level of success could have been achieved purely by changing the

procedures.
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4.3.3. Strategy Buying.

Strategy buying covers those forecaéting methods which 1lie between
reliance on purely historical data and those which are dependent on a
known or.expected future commitment. It covers the pseudo scientific
methodology of causal modelling and methodologies developed from the gut
reaction of the provisioner. In its purest form it is an amalgamation of
the two. Within inventory forecasting causal modelling receives scant
attentionvprobably because the variables are so difficult to define ini-
tially and their success even more difficult to quantity. It has and is
successfully employed within the retailing sphere of inventory where
customers are free. It is less accepted in a service environment where
the customer is captive. Its greatest success is in those areas where

there is a priori variable on which throughput can be based.

In the 'gut reaction' area of forecasting some outstanding results have
been achieved. The final model however tends to relate only to that firm
and products area where the methodology was developed. These systéms are
therefore very often in house and have few if any turn key applicationms.
One of these, used under practical conditions and publicised is Focus
forecasting. Developed by BT Smith of the American Hardware Supply
Company and consisting of the input from each of the managers of discrete
product groups 'ght reaction'. Smith produced these indiﬁiduals concepts
of forecasting their products into a suite of forecasting options. As
each product came under review a forecast using each method in the suite

was calculated. That method producing the most accurate prediction of
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the current periods offtake was used to produce the forecast for the next
2 periods. By this process the method of forecasting was automatically
changéd by the computer system to that which produced the most accurate
forecast. The accuracy claimed for the system is a less than 2% variance

betwen actual sales $ "throughput and predicted sales $ throughput.
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Comparison of Forecasting Techniques/Methods

The table below represents the views of those authors listed at Annex A

to 4.3.4 and the companies who participated in the research both formally

and informally.

reference.

The biblography at Annex A is placed here for ease of

Techniques

gg’gggziw odels ggg};‘f‘fggg“‘ MRP/DRP JIT/KAWBAN gg;ggggy
Cost Low High High (1) Léw
Accuracy Low High Low High (2)
RISK

Stock Out Medium High (3) High (3) Low (4)
Unnecessary stock | High Low Low Medium
Wrong Location High Low Low Not known
Economic Risk High Low Low Not known
ACCURACY

Dependent Demand Medium High High High
Independent Demand | Medium Low Low Low
Seasonal Demand Medium High High High

Lead Time critical | No (5? Yes Yes No

Safety Stock held | Yes No (6) No (6) Yes
Réactive Yes No (7) No (7) Yes
Implementation Simple Difficult Difficult Difficult
Discipline No Yes Yes Yes
Customer Free/Captive | Captive Captive Free/Captive
Application (8) Any Manufacturing | Manufacturing Any
Reliance None Schedule Of ftake None
MANAGEMENT

Acceptance’ None Total Total None
Intervention Intermittent | Regular _Regular Intermittent
Computer Needs Simple Complex Simple Complex
Stockturn Medium High High Medium
Inventory depth High Low Low Medium

Table 4-1
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NOTES:

1. High management input on set up and for every new product. This

cost reduces rapidly if system efficiency is correct.

2. This methodology is normally only employed in inventories where the

product throughput is high and relatively speaking regular.

3. Stock out is dependent on the accuracy of the schedule. MRP and DRP
in their correct form attract no safety stocks. An error in scheduling

therefore becomes critical quickly.

4. Strategy buying is normally used in an environment where the
customer is free. Service level failures are not therefore as evident as

those in a captive environment.

5. Whilst lead time is still very important safety stock will often

allow considerable flexibility.

6. Safety stock should not normally be held. One of the successes of
the system in real life is however that safety stock is held just in case

or just because!

7. This relates to short term unexpected, unforecast demand or acti-
vity. Whilst schedules for MRP DRP can be revised this is normally at

considerable effort.

8. Relates to the activity where the system is normall& employed.
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ANNEX A TO
PARAGRAPH 4.3.4

BIBLIOGRAPHY FOR FORECASTING TECENIQUES AND METHODS

TRUNICK PA
GODDARD WE

HON-SHIANG LAU
SWANN D
SMITH BT
HUGH EC

WESTON FC

WRIGHT OW

BAILY P and
FARMER D

BROWN RG
ORLICKY J
MARTIN AJ

BARRON M and
TARGET D

MURDOCH J and
BARNES JA

Can resource planning really help you.
H & SM May 1983 pp 83-90.

Kanban versus MRP 11 which is best for you.
Modern Materials Handling Nov 82 pp 40-48.

Determining the Re-order Point, Protection Level
and Lead Time demand of an Inventory Item.,
IJPF & MM 12, & 82 pp 5-15.

Execution is Key to Success of any system for
manufacturing Material flow control.
1IE Oct 84 pp 26-32,

Focus Forecasting.,
American Production and Inventory Control Society.
1979 Conference Papers pp 101-102

Managing the Sales and P & IC Interface.
American Production and Inventory Control Society.
1979 Conference Papers pp 103-104.

A simulation approach to examining traditional
EOQ/EOP and single order exponential smoothing
efficiency adopting a small business perspective.
Production and Inventory Control Management

Vol 21 Nov 80 pp 67-83.

Production and Inventory Management in the
Computer Age.
CBI Publishing Company 1974.

Materials Management Handbook.
Gower Publishing Company 1982.

Advanced Service Parts Inventory Control
Materials Management Systems Inc, 1982,

Material Requirements Planning
McGraw Hill Book Coy 1985.

Distribution Resource Planning.
Oliver Wight Publications Inc, 1983.

The managers guide to Business Forecasting.
Basil Blackwell 1985,

Stastistics, Problems and Solutions.
Macmillan Press, 4th Edn 1979.
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CHAPTER 4B COMPANY SYSTEMS

4,4 Comparison of Systems

All of the companies investigated held the three categories of stock
described in péfagraph 4.2, All of the companies had systems whch dealt
with complete equipments as special cases reqﬁiring direct managerial
intervention. This to them seemed an obvious and wise step as these
equipments represented a high proportion of their capital outlay on
spares. The balance of the inventory in all cases was forecast on

demand data with the possibility of some managemeﬁt intervention.
Such diverse items as a hammer, a lifejacket; a resistor or a tin of
paint were all dealt with by a forecasting model which was driven by
historical demand data. Some of the companies and in particular-the
RAOC have attempted to subdivide this demand data into what should and
should not be used for forecasting. All stock holding units less those
that have a direct interface with customers will experience 3>types of

deiand:
a. Recurring.
b. Non-recurring.
c. Stock replenishment.

It is widely accepted that if it were possible to identify mnon-
recurring demands then forecasts would be more accurate. If the level
of non-recurring demands per annum are however constant it is a waste

of managerial time to identify them. 1Initial identification must
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however come from the customer who according to the survey is not con-
cerned with inventory control only with results. Non recurring
demands must still be met from stock, failure to provision for them
invariably leads to stock out. The worst form of non-recurring demand
is the introduction of a better part or modification. No customer
wants old stock when a new model or type is available. Poliecy however

- normally dictates that some customers will continue using old stock.

Any shortage of the new item will force customers to redemand on the
old part number. The question faced by the inventory control system is
what is a recurring demand and what is non-recurring. It is not yet
possible to build a computer system to analyse each individualy demand
and make a subjective decision. The customer, within public concerns,
directs the inventory. The customer must be forced therefore to attend
some form of educational training session or the inventory control
system must be redesigned. The customer however is often blamed for
over‘stocking and over demanding when in fact it is the system which’is
at fault, One of the companies wh'o’took part in the study carried out
a rebuild programme on equipments they had bought in second hénd. All
of the stock used on the rebuild was added into the normal recurring
demand data. The demand data was therefore artifically inflated and

stock in excess of £5,000,000 was unnecessarily procured.

The accuracy of historical demand data forecasting increases in pro-

portion to the frequency of demand and the quantity demanded. If all
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kinventories conform to a Paret§ analysis (all of those in the study
did when the complete high cost equipments were removed) then the pro-
bability of success using a forecasting system based on demand data
only holds good for 20 percent of all the inventory. In addition this
is only true if those 20 percent have a regular demand pattern evenly
distributed throughout the year. All of the companies involved in tﬁe
study had peaks of demand at various times of the year depending on
their operational role. The items for which there were peak demands

formed a high percentage of their top 20 percent. Whilst historical
demand forecasting will cater for most periods during a year it will
not cater for peaks. Two companies are actively pursuing a non demand
based system for their complete inventory. From the data supplied by
the study companies demand data systems are effective for between 5%
and 15% of the total inventory. it is therefore argued that any com-
pany which relies on a single forecasting system for its complete

inyentory will increase the probability of both over and under stocking.

All of the companies held the view that their inventory was there to
serve the customer and this was the main area of attention for the eva-
luation of the success of their inventory system. Only one of the com-
panies carried‘out.any tests on the accuracy of their forecasting models
and none of the companies carried out any formal method of identifying
o§er stocking. Most management effort was concentrated on the high value
moving and low value fast moving items which by default run the highest

risk of stockout. It can be argued that the control of the inventory was
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more crisis/reactive than proactive.

The main comparative areas are summarised in Figure 4-6 but specific

salient points from each company are listed below with additional notes.

ComEanz A ’ Notes

1. Concentrates its management and computer effort
on 3% of its inventory.

2. Customers participate in forecasting their
requirements for mext 2 years. Regular quarterly
provisioning conferences with major customers.

3. Each provisioner is responsible for a given Boots PLC -also
number of item headings and his performance is operate this
evaluated. system, Provisioners
respond as they
: are in competition.

.4, Trends are related to the number of eqpts

deployed. ‘

Company B

1.  Present stock control accuracy is assessed credibilify of

as between 55/60%. computer control
’ ' brought into

doubt.
2. The Company is vigorously pursuing an No progress
essentiality grouping to date.

3. Penalty of stock out is disproportionate
to holding unnecessary stock.

4, A long Lead time is any time greater than
7 days.
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Company C

1. Attempted to use MRP but has now reverted
to exponential smoothing.

2. ‘Suffers from lead times in excess of
12 months on many items.

3. Is considering essentiality coding.
"Bundeswehr

1. Believes essentiality holds the key to
successful inventory control.

2. Stockholding depth in excess of 10 years.
3. Has formalised Inventory Policy.
4, Believes Key to successful inventory
forecasting is in responsive tracking.
5. Efficiency through:

a. Training,

b.  Motivation.

c. Educating customer.

6. Tactical Policy out of step with logistic
policy.

7. Suffers random financial cuts.

Us Army

1.  Essentiality believed to be important and
based on:

a, Intensity of Management.
b. Alternative sources of supply.

c. Weapon system of grading.

d. Cost of part versus equipment degradation.

Has made no
progress.
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e. Buy frequency and cost.
2. System still reactive not pro-active.

3. Size of inventory enormous in comparison to
other companies.

4., Clear Policy Objectives.

5. Critical elements of supply defined:
a. Cost.
b. Management involvement.

c. Categorisation repairable/consumable.
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5.5. Company A

4,5.1, Company A is a major manufacturing company supplying complete
assemblies and sparés at component or sub assembly level. The main
stores carry an inventory of approximately 150,000 item headings with
a value in excess of £100 million. The stores support an internal

manufacturing operation and repair facility and external customers. .

Between 60 and 70% of the company's spares turnover and therefore its
main spares revenue earners lie in a very small percentage of the
total item headings. At the outside this can be taken as no more than
3% of the to;al inventory. This element of the inventory by virtue of
its high demand rate and profit potential receives the most management
effort (see Note 1). The balance of the inventory (97%) is system

controlled by a computer program.

4.5.2, The top 3% of the inventory is referred to as VSM (Volume
Supply Monitored) and is further analysed/categorised into the top 1%
(A; and the remaining 2% (Al). The A category is regarded as reaso-
nably forecastable and the company base their forecasts on cﬁétomer
data feedback and regular customer provisioning conferences. Every
ite@ heading within VSM is assigned to a nominated controller whose

performance to achieve a company agreed service level is monitored.

Note 1. Demand is essentially captive and non elastic, the problem
(once the pricing policy has been determined) is to supply at least
cost and with an acceptable level of customer performance. In the VSM
range, inventory is held to an absolute minimum with the emphasis on
'pipeline management' on a part by part basis in the short term and
individual attention to customer level forecasts which when aggregated
produce a 1-2 year total forecast of requirement.
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The next 2% is essentially manually controlled and included in this
group are hard life items which are serially numbered. These items
have a predictable life dependent on usage. Forecasting for these

items is again largely dependent on customer feedback.

4.5.3. The remaining balance of the Inventory (97%) is subdivided
into four major provision codes with each code having a separate form
of provisioning logic. All are computer controlled but the capability

of management/human control is retained. The provision codes are:

a. A. Relatively inexpensive short lead time’items which are
totally controlled by the system.

b. B. Semi-automatically controlled items. Séhedule changes
inside the Lead Time are manually vetted.

c. C. Any schedule change is recommended status only.

d. X. All items exhibit peculisrities which constrain their
provision eg shelf life or new parts with no demand history or
'Lead Time business only parts'. Wherever possible they are not

held but provisioned on a demand/order basis.

4.5.4 The company have been using a form of exponential smobthing on
the A, B and C parts for the last decade. Whilst it is recognised as
being inadequate the high variability of demand data precludes more
sophisticated approaches. The company are still investigating alter-
native methods and have developed a "“compound forecast" based on

separate estimates of quantity and inter arrival time but this has as
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yet not been implemented. The present system uses the widely accepted
sliding o< constant. Where forecasts are greater than 4 per year X =

.08 and the lowest <X constant is .03.

.08

y - eem e e e e s e e e e eom e e o e E e e e oen e e o s S G e e Gmm Gm— e
0.03

Issues in 13 periods

Sliding < Constant Model

Figure 4-7
4.5.5 Trend forecasting is brought in at the family level and relates

to the expected usage of the main equipments.

4.;.6. The company aim to achieve a service level overall of 90% from
normal schedule within a 90 day périod with residual shortages-being
handled by expediting. Buffer stock for fast moving items is based on

LT error whereas for slow moving items a more complex function is
used, The bottom line being that all items will be held regardless of
movement. The image of the company depends on never saying they will
not supply and their profit level is mainly geared on how quickly they

can supply VSM items. T *

4.5.7. The objectives of the company holding invehtory are threefold

and all are given equal credence:
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a. To provide a high level of service to their 250 customers
and 8 satellite stores.

b. To generate a reasonable profit for the company whilst mini-
mizing the cost of inventory and at an acceptable level of
~disruption of the supply process.

C. To decrease the total stocks in the supply process.
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4.6. Company B

4.6.1. Company B is a major airline with a considerable fleet of
aircraft and vehicles. The >bu1k of the company's inventory 1is
controlled by the engineering division and this is in the region of
500,000 item headings with the total inventorf being in excess of
700,000, The value of the engineering division's inventory is
approximately £315 million. The inventory policy is to provide the
right item in the right quantity at the right place in the most econo-
mical manner to a service level of 98%. The balance of 2% being pro-
vided by outside suppliers within the most acceptable time frame. The
central inventory supports 65 engineering stores, coiocated with the
receipt and despatch store and 130 line station stores worldwide. - In
addition to planned maintgnance the inventory is held to supply parts
for non scheduled maintenance, overhaul and engine workshops and
opportunity third party repair work. Line station stores hold on
average 6-7,000 item headings but some of the more remote locations
will only hold several hundred. A breakdown of the company organiza-

tion is at Appendix 1.

4.6.2, The company have a single stock cdntrol system but each cate-
gory of inventory engineering, MT, catering etc is held separately
within the system. Although the engineering, MT and clothing inven-
tories are separate the forecasting and stock control programmes
implemented and used to date have been those designed by the engi-

neering division. The inventory has been categorised into rotables,



4-37

repairables and consumables in line with common aviation practice and
this has been applied to all inventory. Forecasting has been based on
planned schedule maintenance and historical data which has comple-
mented a rather complex EOQ/ROL package. The complete>system has been
regarded as inefficient for some time and is undergoing a major
review. The most serious problems encountered by the present system

are:
a. The inaccuracy of data held on file.
b. The failure to forecast accurately.
c. ihe expenditure on expediting.

d. The fragmentation of the system and its inability to

integrate with the relevant subsystems.

e. The reliance on human involvement.
A review of the system assessed the stock control accuracy as between

55 and 60 percent,

4.6.3. The proposed system will encompass all of the previous func-
tions of the old systems. The aim of the system has been promulgated
and ié to reduce inventory levels and improve productivity by getting
the right part to the right place at the right time at the lowest
cost. Whilst there is nothing new in this as an objective it is worth
noting that this aim has been formally laid down by the company. The

company have however gone much further than this and identified why
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the old system failed and from this review worked out their actions to
implement and maintain the new system. The concept that they have
evolved is based on the fact that forecasting can only ever be
possible if the input data is accurate. Inventory data has been sub-
divided into 2 elements, static and dynamic. Static relates to the
identifying part number, compatibility and suﬁercessionbwhilst dynamic
covers such areas as stock location, quantity, serviceability and sta-
tus. The progression from this base through inventory recording,
materials management, production control, costing, purchasing and
forecasting ‘all of which integrate af some level 1is strictly
controlled by overt discipline, stock visibility at all levels -and new
inventory policies and workshop control mechanisms. The integrity of
the data base hinges on a double check system which equates human
input and bar code technology. The aim of the new system is a stock
control accuracy of 98% or greater. This degree of accuracy hés been
achieved by a division of company A. At this level of accuracy the
company could still expect up to 40,000 erroneous transactions per

year.

4.6.4, The new forecasting system is still to be implemented but will
be based on a matrix dependent upon the status of the part. Initial
thoughts are that forecasting for planned maintenance will to some
exteﬁt be based on a MRP system, hard life items on forecast flying
hours whilst consumables will probably be forecast on historical data
smoothed by some derivative formula based on a Poisson distribution.

It is highly probable that the elements of inventory associated with
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MT and clothing will follow one of these paths. The maintenance
control programme will constantly monitor the Mean Time between

failures and update the forecasting models regularly. One specific
area of interest which the company may pursue in the future is the

concept of essentiallity coding. No work has as yet been done in this

field.

4.6,5. A pareto analysis of inventory by Throughput value and usage
was carried out and is graphically represented at Appendix 2 and 3.
The analysis was carried out from both quantitative usage and cost
throughput. The results were not dissimilar from the analysis of RAOC
inventory holdings. Whilst the company operate in a totally different
area to that of the RAOC it can be deduced that the constraints on the
system are such that the inventory is forced to carry far greater
depth and breadth of stock than that expected from best commercial
practice. The identifiable constraints that increase this

stockholding are:

a. Failure of supply can have catastrophic financial effect.

b. Supply reaction during an emergency situation must be within
the minimum possible time. | |

‘c. Spares holding cost and investment are a small proportion of
the possible benefit/gain.

d. The quality of serviceability must be maintained above the
acceptable standard set in most commercial concerms.

e. Resupply from outside agencies is often lengthy and in cer-

tain cases impossible.
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Notwithstanding the above, competition is sufficient to warrant

increased attention on reducing the size and scale of the inventory.
This pressure has resulted in the current review and changes and is
reflected in the present attitude being adopted within the RAOC and

other companies researched.
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APPENDIX 1

COMPARY B ORGANIZATION

Receipt and Despatch Store

Line Station ‘ Third Party
Stores (130) Work

Figure 4-8

Receipt and Despatch Stores. Carries out the functions of Receipt

and Despatch. All items that pass receipt inspection are passed to

their parent engineering store.

Engineering Stores. Can act as primary depot for spares unique to its

operational task and as a secondary depot for commonality items

Line Station. Acts as a tertiary depot holding fast moving or essen-

tial items only.

Note: The receipt/despatch store only receives engineering items.
Other departments have their own receipt arrangements. There is no

"Central" Store for the company.
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4.7. Company C

4.7.1. Company C is a major conglomerate involved with the production
and extraction of raw materials. It has an annual turnover in excess
of £4Bn of which expenditure on materials and equipment is about 700
million annually. This includes the purchase of new machines which
are classed as capital items but of this 700 million approximately 46%
is expended on spares. The Company's inventory consists of about
250.000 item headings which are classed as live but considerably more
items are bought but not ’stocked or allocated part numbers. The
complete inventory is held on one data base and forecasting is by
straightforward exponential smoothing with the facility to input
manual overrides. Stock control depends on the characteristics of the
item. The average stock holding is in the region of £248M with an
annual issues of approximately £582 million. The Company has about 150
operational locations all of which will hold inventory. The majority
of spares, approximately 70% of the total stock, is held in central
stores to support the main workshop facilities. The balance of 30% is
divided between the operational locations and comprises in the main of

the following:
a. Bulky low value items.

b. Items with regular high demand.
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c. Items unique to that operational location.
d. Stand-by spares for vital equipment.

Expensive high demand items are generally controlled from Central
Headquarters and the reserve stocks are held centrally within each
major operational area because this facilitates liaison both with the

suppliers and the operational centres.

4.7.2. Workshop overhauls of operational machines account for the ma jor
part of the usage of spares. These overhauls are planned in advance
but numerous changes to the plan are necessary. Overhauls are often
initiated following machine failure, which is of course unpredictable.
Other overhauls occur when operational locations are closed tem-
porarily or permanently, and again there is considerable uncertainty
as to when this will occur or what type of machine will be due in for
overhaul. Each machine has a bill of materials held as a computer
record. A copy is given to the workshop inspector when the machine is
stripped down and he records the materials necessary to complete the
overhaul. This list or information for the particular job is then
input to the computer. The computer consults its history and calcula-
tes the rates of usage of all parts of the bill of materials. These
rates of usage may be overwritten by the workshop, for example if
thére is a modification to the machine, or if a trend is apparent in
the failure rate of certain parts. The computer can cgmbine its rates

of usage with any notified change in the overhaul programme to alter
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the forecast annual demands for all of the machine parts. Such an
exercise will be initiated by a stock control officer in the event of
a significant difference between the 6 months forward programme of the
workshop and the previous 6 wmonths actual throughput. Whilst this
operation may appear terribly simple it is in fact quite complex for
eveﬁ the computer system because many parts are used on several dif-
ferent machines and many are used at operational centres as well as
workshops. The system is dependent upon the rigourous use of the
listing documents being input from the workshops to the éomputer

systems.

4.7.3. All stock items held by Company C are the sﬁbject of computer
records in an enormous database which derives the automatic provi-
sioning system. The Company have an aggressive forward-looking policy
to inventory forecasting and stock control which is not immediately
apparent by their use of ROL, ROQ systems. Until 1979 far more
sophisticated procedures were in use, involving a calcﬁlation of
demand variability. This was abandoned because it tended to thwart
useful manual interventions by stoék control officers. In principle,
provisioning for workshop koverhauls’ is a material's requirement
planning problem. There are, however some serious difficulties asso-

ciated with introducing MRP:
a. The workshops forward programme is often inaccurate.

b. There is a natural randomness about the rates of usage of
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c. Some lead times are extremely long.

d. Some parts are demanded by operational centres as well as

‘workshops.

4.7.4, 1In addition, one of the prime advantages of MRP does not apply:
the Company does not want to explode into multiple levels of sub
assembly as a ménufacturer might. Ihere are only 2 levels, machine
and part, although MRP might be some help in dealing with parts common
to several machines. Another MRP feature with limited application is
the feedback loop; there is no chance that areas demands can’ be
altered to suit the provisioning process, although MRP might help the
Company to produce convincing explanations where those demands have

not been met.

4.7.5. The Company have therefore returned to a demand forecasting
system of simple exponential smoothing which may be overwritten by
manual intervention. Stock is reviewedvfrequently, and if the ROL

exceeds the notional stock, the system:
a. Searches for an inter store transfer.

b. Consults internal rules to see whether an automatic order

may be produced.

c. Produces an order suggestion for the attention of a stock

control officer.
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4.7.6. The Company is in a state of reorganisation and until such time
as this reorganisation is complete no major changes within the inven-
tory control and forecasting systems are expected. However one of the
areas which has recently been looked at and a trial system is running,
is a facility called the "kitting system". Currently the workshop
lists are picked from central stores as soon #s they are received.
Unavailable parts are added later for those nét in stock. Thus lgrge
sets of parts clutter up the workshop for some time before assembly
can begin. The kitting system will allow parts to be supplied as
complete kits when they are required, rather than as incompléte kits
when they are ordered. Analyses have shown that this will reduce phy;
sical stocks without reducing the service level to the workshops, and
considerably ease the administrative problem associated with this kind
of provisioning. As a by-product, the computer will issue the store-

man with a picking list to facilitate his work.
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4.8. US ARMY

4.8.1. Overview.

The Department of Defence (DOD) logistics system encompasses the total
logistics functions within the US Army. This includes the wholesale
logisfics system, retail logistics system (overseas), and Continental
United States (CONUS) logistic system (wholesale ﬁnd retail). Whilst
the study is only concerned with inventory and its control it is
necessary to understand the scale of operations and respomsibilities
of DOD. The deputy Chief of Staff for logistics (DCSLOG) has respon-
sibility for physical distribution policy, tailored to fit the Army's
mission. It is at this level where the separate distribution func-
tions of supply and transport are co-located. The Director of Supply
and Maintenance has staff control over the supply aspects of physical
distribution whilst the Director of Transportation and Services co-
ordinate movement with all. service departments. The Army Material
Command (AMC) has the primary responsibility for the wholesale physi-
cal distribution functions within the Army. AMC consists of a world-
wide network of such military installations and activities as materiel
readiness/commodity commaﬁds, depots, laboratories, arsenals, main-
tenance shops, proving grounds, test ranges aﬁd logistical assistance
and procurement offices throughout the United States. The Commander
of AMC has three deputies to assist in the accomplishment of the
mission. The Deputy Commanding General for Material Readiness (DCG
MR) is responsible for the receipt, storage, issue, and transportation

of the inventory in the physical distribution system. The Depot
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Systems Command (DESCOM) performs these functions under the guidance
of the DCGMR. DESCOM consists of twelve depots and seven depot acti-
vities where the inventory is physically received, stored, maintained
and distributed. There‘are seven Maintenance Depots which serve pri-
marily as major maintenance facilities and perform (overhaul/rebuild)
maintenance functions. ﬁhey store, maintain and distribute specific
high dollar Principal items, to the depot level. Two ammunition
depots are responsible for the storage distribution and maintenance of
special weapons. Three Area Orientated Depots (AOD) have the primary
mission of the distribution of Secondary items to units located in a
specificbgeographic area. Finally there are seven operable depots that
have had their Missions, personnel strengths and overhead cost reduced
to that of reserve storage status capable of greatly enlarged activity
if needed. They are remote storage sites under command of a distant
command depot. The present US Army depot system serves as the priméry
storage and distfibution point for the Army wholesale system. When
directed it also performs storage functions for DLA, GSA and other mili~-

tary services,

The Defence Logistics Agency (DLA) is an agency of the’DOD headed by a
military director responsible to the Seéretary of Defence for pro-
viding supplies and services used in common by the military services.
DLA is essentially the manager of the wholesale level responsible for
the ﬁost commonly used items such as food, clothing, medical, textile,

chemical, industrial, petroleum, construction, electronics and general
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supplies. The director has delegated responsibilities for physical
distribution to the Executive Director for Supply Operations who deals
directly with the Defence Supply Centres which perform the wholesale

supply management functions.

Six DLA depots are charged with the receipt storage and issue of
supplies as directed by the Defence Supply Centre's. Classified as
principal distribution depots, they provide distribution to all acti-
vities within a designated geographical area. 1In addition DLA com-

modities, are handled by specified Naval depots.

General Services Administration (GSA) was established in 1949 to pro-
vide an economical and efficient system for the management, procure-
ment and distribution of supplies used by all government agencies
(currently 49,000 item headings). The GSA is not a part of the DOD
but it does play an increasingly important role in the field of
procurement and distribution of supplies and in the location and mana-

gement of the national stockpile of critical and strategic materials.

Army Materiel Command (AMC) fulfils the basic mission of Army
logistics in supporting the soldier in the field with what is needed,
'when, where and in the qu;ntity required at a minimum expenditure of
resources. The AMC performs research, development, procurement storage
and distribu;ion on virtually every item in the Army inventory. 1In
addition the Army distribution systems provide many DLA and GSA items

to units in the field.
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A Direct Support System (DSS) is operated with the primary function of

providing direct to the customer selected classes of supply as

follows:
US ARMY CLASSES OF SUPPLY
a. Class 1 - Subsistence
b. Class II - Clothing, tentage, administrative and
housekeeping
C. Class III - (Packaged) Petroleum, oils and lubricants.
d. Class IV - Construction material.
e. Class V - (Missile components only) Ammunition

f. Class VII - Major end items.

g, Class IX - Repair parts
Figure 4.11.
In DSS, supplies are moved straight from the CONUS wholesale supply
base directly to the customer bypassing the overseas storage activity
or CONUS installation Supply Divisions. The flow of information and

material is shown at Fig 4.12.

The most important factor to remember when examining the US system is
the sheer size in relation to UK, FRG or the study companies. The
inventory consists of some 4.5 million item headings and this will

become more relevant on analysis of the findings.
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US ARMY FLOW OF INFORMATION AND MATERIEL

Unit

v

Direct Support
Unit (DSU)

;

Corps Materiel
GSSB General Management Centre
Support (MMC)
Supply Base ,

7/ —

Theatre Consolidate
Materiel Defence Contain-
Management Automatic erization
Centre ‘ Address Point
(TAMMC) System

Managing Activity
1l (NICP, GSA DLA)

Depot/
Warehouse

requisition flow

------ Materiel Release Order
s=========== Materiel flow
FIGURE 4.12.

4.8.2. The Inventory

The inventory is subdivided into 2 classes wtih Class 2 being further

subdivided.



4-54

Class 1. Principal end items, such as ships, aircraft, missiles,

ammunition and vehicles.

Class 2. Secondary Items:

a. Reparable components, sub systems and assemblies eg truck

transmissions, helicopter blade assemblies, missile guidance

packages etc.

b. Consumable repair parts eg brackets, spark plugs, électron

tubes, bolts etc.

Cs Bulk items and material eg sheet aluminium, welding rods,

gasket material, steel plate, textiles etc.

d. Expendable minor end items eg soap, bandages, canned beans,

socks, canned oil etc.

Inventory management in the United States refers to spare and repair
parts (secondary items) and not to major items (Principal End Item)
which are stocked only for specific purposes. Within the US Army,
inventory management is divided into wholesale and retail systems. The
- retail levels are based on days of stock and build a Requisition
Objective (RO) consisting of Operating Level (OL), Order and Ship Time

(OST) and Safety Level (SL).

RO
oL
ROP
OST
SAFETY LEVEL

RETAIL LEVEL BLOCK

Figure 4.13.
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The wholesale level of inventory management employs the requirements
objective which (in simplified terms) is composed of the Procurement

Lead " Time (PROLT), Procurement Cycle (PROCY) and Safety Level(SL).

RO
PROCY (EOQ)
ROP
PROLT
Safety

WHOLESALE LEVEL BLOCK

Figure 4.14,
The Requirements Objective is considered to be the maximum quantity of
stock that properly should be at hand or on order. The procurement
cycle dictates the frequency of purchase. This is an Economic Order‘
Quantity computation which is then constrained. The present
constraints dictate that EOQ(C) will be within the range 3 to 36 months
with certain obvious exceptions eg shelf life. The present system
however is operating with a concept known as annualized buy in which
the minimum buy is 12 months worth of stock. This is an interim
measure until EOQ formulas, that take quantity discount pricing factors

into consideration, are developed.

Procurement lead time (PROCT) consists of Administrative Lead Time
(ALT) and Production Lead Time (PLT). ALT begins at the time the
requirement becomes known and continues until a significant quantity
of stock is received (30 percent for the US Army). Cost to hold and
Cost to order calculations are performed by the different managing
activities and often for particular segments of the‘inventory. The

total variable costing equation which forms part of the EOQ should be
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built up from the Cost Hold, Cost to Order and the implied cost of
time weighted shortages. The shortage parameter may be determined in
several ways but should relate to the essentiality or operational
impo;tance of the item. "Although essentiality rules for specific
items within a heterogenous group of items have not been established
.an essentiality equation is included in the TVC equation" Reference

to DOD Directive Systems Transmitted 4140.39 Ch 1 Dec 310985.

Whilst essentiality has not been agreed the manual identifies the
parameters which may be of use when programming essentiality into

future systems:
a. Intensity of Management.
b.  Availability of Alternatives Sources of‘Supply.
Ce. Essentiality of weapons systems.
d. Essentiality of item,

e. Relative cost of part to weapons system that would be

deadlined if part is not available,
f. Requisition frequency and dollar value of annual demands.

There would appear to be some serious double talk within this par-
ticular area of essentiality. Firstly it forms a integral and

important part of the TVC equation. Secondly to utilise it you group
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the essential parts together. Regrettably it doesn't cérry on to say
what is essential and how to identify it. The variable cost to hold
reflects the monetary penalty attached to keeping inventory in antici-
éati;n of future use. It is assumed that this cost is linear to the -
amount of on-hand inventory held and is thus expressed as the cost per
year per dollar of average value of on-hand inventory. The variable

cost to hold rate is established as follows:

" Element v Value
Investment cost 10% per dollar per annum
Storage cost 1% per dollar per -annum
Obsolescence cost Variable

Other Losses (shrinkage) Variable

Safety level is normally a Variable Safety Level (VSL) at the whole-
sale level and a Fixed safety level depending on the number of days
stock held at the retail level. The VSL is a statistically derived
formula based on the standard deviation of PROLT, demands and the
desired level of protection using the Normal Statistical

Distribution.

The cost to order an item of inventory to be used in the determination
of annual variable cost to order cost (0C) will be dependent on the
type of procurément method used in placing the requirement on order.
These costs are applicable only to procurements made at Inventory

control points for centrally procured items.
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Three basic costs to order are developed to cover the following

type of procurements:

A. For items likely to be procured using the small purchase

techniques (contracts of $2,500 or less).
B. For purchases where a call-type contract is employed.

C. - For purchases where the contract value is likely to be
greater than $2,500 and where negotiated, advertised or other

procurement methods are employed.
The costs to order should be updated as a minimum every two years.

The US inventory, similar té the RAOC inventory, is subdivided into
two major categories which are then further subdivided. These cate-
gories relate to the characteristics of the item heading. Principal
End items are normally complete equipments and are not provisioned by
inventory calculations but Force ratios, Political policy, Deployment
expectations and Tactical considerationms. Release of these items is
not by normal demand and issues are made only to maintain or increase
DOD equipment tables. All other items which do not fall into this category
are classed as Secondary items and these are generally managed by com-
puter systems with varying degrees of human intervention. Repairables
and consumables are found within this category. The DOD has deduced a
grouping classification to increase the effectiveness of supply mana-

gement decisions. DOD assessed the critical elements of supply as
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cost, management involvement and whether the item was repairable or
consumable. The cost element depends not on the stock value but the

issue rate and the following categories exist:

Very High = Greater than $500,000 per annum

High = Between $50,000 to $500,000 per annum
Medium = Between $5,000 to $50,000 per annum
Low = Between $0 to $5,000 per annum

It should be noted that low includes all items on which zero demands
ha;e been received. Low within public bodies taking part in the study
always contains the highest percentage of inventory. To minimise
movement between groupings items are allowed to experience a fluc-

tuation of + or - 107 of the boundaries before they move between

groups.

The second element.of inventory control used in the grouping 1is the
degree of management intensity. The US Army believe that the manage-
ment intervention required will normally relate to the dollar value of
predicted or actual demands. They feel however that the monetary
inventory value (stock) or the criticality/essentiality of the item
may also influence the level of management work required. DOD 4140.33
of June 12 1968 even went as far as to define both critical and

essential:

Essential: A support item or a repair part whose lack renders

the supported system or Principal End item inoperable.
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Critical Item. An essential item which is in short supply or expected

to be in short supply for an extended period.

Each degree of management intensity was expected to be influenced by

the essentiality or criticality of an item. As discussed earlier the

essential and critical definition has neither been accepted or imple-

mented. The degrees of management are defined as:

Very High - Intensive reviews and analysis required. Day to day
management input, Global Asset management. High
speed transport for issues.

High - Normally reviewed every 3 months. Global Asset
management and high speed transport may be required.

- Medium - Review of no less than 6 monthly intervals. Normally
at ROP. Asset information at wholesale level only.

Low - Minimum of one annual review. Normally at ROP.
Asset information at wholesale level only.

Once this information has been compiled the following Supply

Management Grouping Codes (SMGC) may be produced.

e
L}

<
"

Designators

Repairable C = Consumables

Very High (Over $500,000)
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H =  High ($50,000 to  $500,000)
M = Medium ($5,000 to $50,000)
‘L = Low ($0 to £5,000)

1 = Very High Management

2 = High Management

3 = Medium Management
4 = Low Management
MANAGEMENT PRIORITY MATRIX
7 Demand Value Degree of
Repairable or Planned - Management Consumables

SMGD SMGC Issues Intensity SMGD SMGC
RV1 A Very High Very High cvl M
RV2 B Very High High cv2 N
RH1 C High Very High
RH2 D ‘High ' High CH2 Q
RM1 E Medium Very High CM1 R
RM2 F Medium High CcM2 S
RM3 G Medium | Medium CcM3 .T
RL1 H Low | Very High CL1 U
RL2 1 Low High CL2 A
RL3 J Low Medium CL3 W
RL4 K Low Low CL4 X

Figure 4.15.
There are eleven different groupings for repairables and consumables

with a total of 22 groupings within the secondary item heading inven-

tory.
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4.8.3. Discussion

Whiist the grouping codes look sound they rely on historical data and
are geactive not pro-active., They do not indicate to a'supply manager
where his attention and effort should be allocated until the problem
has already happened. The key element missing from the system once
‘again is the importance of the item heading to the operability and
mission of the fighting forces. Issues during peace are no indication
of the scale of issues required during tension or conflict. The defi-
nitions of management effort do not relate to logistical con-

siderations but time and manpower costs.
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4.9. BUNDESWEHR

4.9.1. Introduction

It i§ relatively easy to dismiss further analysis into a subject area
when the initial research appears conclusive and additional investi-
gation is difficult and costly. Early in the study requests had been
made to béth the American Army and Bundeswehr to allow field studies
to be carried out. Both had very quickly produéed detailed procedural
systems analysis papers which defined the forecasting and Inventory
controlk systems in sufficient detail for a comparison to be made.
Towards the end of‘the second year of the study continued pressure by
the Military Liaison Officer (Lt Col T Glen) re;ulted in authority for
a one week field trip to the Bundeswehr. Releasing money at short
notice from any organisation is difficult and travel and accommodation
budgets in public organisations are wunder constant scrutiny.
Authority and finance was eventually granted from DGOS's personal
budget (which gives an indication of the difficulties which had to be
surmounted).

The study and hypothesis has largely been cdncentrated on 3 variables
which have sub variables which have no fixed priority. These
variables Inventory, Policy and Control were therefore used as the
basis for the approach to the field trip. - As there was a minor
language problem a set of topics (Annex A5 for discussion were for-
warded in late October 86, translated and disseminated for discussion
in January 1987. Structural bodies may look similar, whilst on paper,
but the areas of their control and their (German word for power) are

often totally different. The first element of each of the 3 visits was
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to ascertain where each level of the organisation fitted im to the
system and wheré its actual power stretched to. The analysis was in
all cases bottom up and top down with the intention of identifying

crossovers, interfaces and voids.

The organisational diagram is at Figure 4.9.1 with supporting

additional notes which may be read out of context.

Materialsamt Defence Staff
Bundeswehr '
Central Materiel/Inv Control Office
A Co-ordinates all programming &
calculations for the 3 services.
With procurement co-ordinates
Formula: procurement and Physical Distribution
EOQ, Exp smoothing adjustable of all spares. Data for period states
constant. what type of unit used what, Maint,
Inf, Ord.
Heeresampt Allocation of spares to stocking
Dept 8 points for scarce resources
450,00
Passage of information Inv Mgt
from Sup Coy to rear is Control
on a daily basis MUS
B

Regional Depot
" for a Corps
GS
Coy 60 days . Computer dictates Coy holdings.
60 days worth of stock. Computer
mean next phase will be

1 Coy sp exponential smoothing.
Div Tps Logistic Bn ROL at 50%
45 days Y

SL = 65% aim is 80%
90% after 30 days
Daily check. Summary monthly
' ' 45 days stock.
Inscale on 3 demands.
Will be free standing
3. | Logistic D 20 mega byte. NCR suitcase
Coy in Bde computer.

14 days. 10 working days spares.
No control from above no

: visibility holds repairables at
FAMTO E 17 per n vehs etc.

No Control ' , Exchange 1 for 1.

BUNDESWEHR SUPPLY ORGANISATION

Figure 4.16.
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4.9.2. MATERIALAMT DER BUNDESWEHR (MATAMT B)

The Matamt B is the central supply control office for the three ser-
vices, Army, Airforce, Navy which constitute the Bundeswehr.
Reséonsible to the Defence Staff for the efficient operation and
contr;1 of all systems and budgets aﬁd comparable in some respect with
the MOD but not with LE(A). Co-located with this unit is the
Cataloguing authority for all three services. The charter of opera-
tions conducted at this level cover the control and monitoring of sub
systems, central financial and purchasing control, and the iden-
tification énd eventual implementation of future systems. It was the
current options of the 'think tank' for future systems research and an
" explanation of present system policy which was the aim of the first

visit of the field trip.

The Bundeswehr are actively searching for economies within their pre-
sent supply system. The system in operation is antiquated and both
manpower and financially expensive to run. Only levels A and B are
currently  computerised and the information and systems that were
programmed are a duplicate of the manual system (see Chapter 2).
The intention is that new computers and new programmes will be in
place in levels A and C within the next two years. The software for
these systems, the formulae and calculations are being written in
house by German officers. The US Army Milstrip (with some variation)
‘is the present manual system and as some Bundeswehr logisticians are

trained and work with the Americans there is some similarity with the
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two systems. The forecasting and Inventory control systems rely on
standard EOQ formula, exponential smoothing and fixed management
constraints. The Bundeswehr have an efficient and smooth operating

system but they are not content with it in its present state.

The improvements that are being researched do not differ from those
goals of Private or Public inventories and are similar if not iden-
tical to those reviewed in Chapter 3. rThere is one.difference bet-
ween all of the Companies and Armies covered in the thesis and that is
"There is currently no method of assessing what service level is
achieved by the supply system". German Staff Officer Bundeswehr Matamt
13 Jan 87. Input of safety stock to guarantee supply is calculated at
90% for all items. The Germans are therefore in a rather special pre-
dicament in that they have no set level of achievement from which ﬁhey
can subsequently measure their improvement. The additional disadvan-
tage howevér is that it is virtually impossible to judge the effi-
ciency of the system using normally accepted PDM calculations and

standards.,

There are 3 main areas for the new operating system which are being

worked on:

Area 1. More reactive/interactive tracking.
Area 2. A manipulative EOQ formula.

Area 3. A Priority System.
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All threé are in the theoretical stage but models of Areas 1 and 2 are
being tested. Area 3 MATAMT B believe, holds the key to the eventual
economic implementation of Areas 1 and 2. Area 3 is causing concern
with{n many inventories not jusp the Bundeswehr. The concept of area
3 is thét the two critical variables regarding classification of an
item must be decided by two different agencies. The first agency must
decide upon the tactical importance of the spare to the Battle winning
potential of the force. The second agency must decide on the logistic
implications of the item. Matamt B believe that these decisions
should be made in isolation and that the criteria for classification
should be decidgd by those most expert in Tactics and Logistics.
Irrespective of the number of classifications from each, a mﬁtrix will
be constructed which will then combine the two data and produce an

individual priority code between 1 and 9

CONCEPT OF PRIORITY MATRIX

TACTICAL IMPORTANCE

1

M 1 2 |3 4 15 6|7
LP
00 1 j1 2 |3 3 13 415
G R
IT 2 |2 2 |2 2 |3 517
S A
TN 3 |3 3 13 4 |6 618
IC
CE 4 | 4 5 |5 6 |7 819

Figure 4.17.
This code will then be used to influence management attention, pro-

curement action, stockholdng, deployment and dispersal decisions. It
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will allow a greater degree of computer decision analysis which may
lead to a far more efficient supply system. The concept is still very
much in the embryonic stage but was being positively pursued (see

Supply Branch Chapter 4.9.5).

4.9.3. HEERESAMT (Army Headquarters)

This element of the Heeres concentrated on logistics policy at C and
D levels of Figure 1 whilst Matamt déalt with level B but are subor-
dinate to Heeresamt. Levels C and D are still totally manual. As
conscription still exists it is arguable that there is no reason to
change. The Heeres found however that the number of errors through
lack of effort could be overcome by installing computers and then
using regular troops. There were many other instances but the stan-
dard argument for using computers, manpower saving, was not the
overriding factor. Stock held at levels (C and D) are dictated by
level B. Only those itgms authorised by Level B may be held. 60 days
worth of stock is held at Level C and 45 days at Level D. Re-order
point in both cases is 507 of stock and stock holdings are:

Historical Demand + New Demand Period
2

The expected Service Level is that every inventory stocking point will
‘achieve an 80% first pass fillrate for the troops permanently assigned
to its area (dependency) and 90% fillrate within 30 days. These

figures are checked daily and summarised monthly. The figures were



4-69

not available but it was suggested that the first pass figures were in

the order of 65% with the figure rising to 80+ 2 after 30 days.

At level E, the customer, units are only entitled to cérry very
limited stocks of spares amounting to no more than 10 ﬁorking days of
stock. Whilst there is no direct inventory control or visibility of
this stock Commanding Officers are held directly accountable for abu-
ses of the Policy directives issued by the Heeresamt. This system was

totally acceptable to the Germans because of their rigid ethical code.
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4.9.4 MATAMT

The Matamt, which roughly equates to DSM(A) LE(A), and DSM(A)
Divisions, is the centre for Heeres logistics policy within Level B of
the ;upply chain. Unlike the British Army there is no requirement for
Primary and Secondary depots and the regional depots are an amalgam of
the two.- Whilsf overall Bundeswehr policy objectives with regard to
logistics are disseminated from Bundeswehr (Matamt B), Heeres policy is
produced by Matamt in conjunction with Heeresamt. It is intended that
the policy element of the Matamt and the Operational Research element
will move physically to Heeresamt in the future. An overview of
Matamts location in the supply chain and its departments is at Figure
4.9.3. Matamt may, where it is the sole user, procure directly from
NAMSA or overseas agencies (prior approval must be gained from Matamt

B). The functional accounting elements of Matamt are the MKZ Truppe
who are normally located in or close to the regional depots. ihis
accounting element purely control and update the Inventory with con-
solidation of Heeres data taking place at Matamt. Co-ordination of
Bundeswehr data from all the services is by Bundeswehr Matamt who in
addition allocate spares after procurement is complete. Inventory
control and forecasting is accomplished using normal ROL, EOQ and
exponential smoothing techniques. Figure 3 illustrates the standard
inventory concept. It was ohly after a series of questions that the
real efficiency of the Bundeswehr became apparent. The policy
constraints that had been authorised by the Bundeswehr allow con;

siderable and possibly excessive stocks to be held. The holding period
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for‘0perational stock within regional depots ranged from 1-7 years,
the procurement stock from 6-30 months (but 3 months if the item was
used by another service) and safety stock was fixed at 6 months. The
authorised stock holding may therefore be in the region of 10 years*.
Matamt are now under a remit from Bonn via Matamt B to investigate
this situation and produce a study indicatinnghere éavings can be
made. The section tasked with this study are GRP Z1. Their current
objectives are to maintain 90% of tactical equipment at all times.
Minimise the Inventory, minimise the workload, Maintain stock protec-
tion, EOQ manipulation and calculation, Economy of Distribution
(Movement) and the availability of the reserves. To understand the
size of the task it was nebessary to ask how large the inventory was.
The question soﬁnds fairly simple and had been communicated and
translated some months before the field trip (Annex A). The question
was asked at every interview and a variety of answers were given,
mostly contradictory. The following figures are therefore not
substantiated. The total Bundeswehr inventory consits of some 3.5
million item headings, some are old numbers without stock, some are
new numbers of valid parts but parts are not held, éome are single
service numbers only. Approximately 450,000 part numbers are in
active use within the Heeres. Some 300,000 parts are consumable
spares and 15,000 are repairablés, the balance are non-moving. The
15,000 repairables represent in a Pareto analysis the A stock and the

consumables the B & C stock.
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The initial spares requirement for repairable items was carried out by
stochastic methods but this procedure was only considered effective
for between 5-6,000 item headings. The more normal method was fhe
initial purchase or identification of a spare which may be required
and the forecasting would use the standard exponential smoothing
~calculation. The present system has a manually adaptable constant
of ;3 or .4. It is the intention by 1988 to have a fully automated
constant ranging from .1 to .9. The concentration on this variability
of the constant is a fixation observed within other public concerns.
There is a belief that with more responsive retrospective or less
responsive retrospective tracking the forecast into the future will be
more accurate, (This is discussed further in Paragraph 4.3.).

Control of stock purchasing is again normal using the Harris formula

EOQ = [ 2 x Co x R
Ch xP
The present level of Co is 500 DM* and Ch is .2. This should be

compared with the present norms within commercial Inventory

The Matamt were extremely interested in critical spares and again had
two clear variables. The systems importance to operations was the
overriding variable, and the other was the criticality of procurement.
The concept of system priority within vehicles was tanks at the upper
limit with B vehicles (trucks) at the lower limit. Whilst it was con-

*Exchange rate when this figure was quoted was 3.15 DM to the pound.
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sidered that spares within weapon systems were important, individual
piece part spares would not be categorised, but sub assemblies would
be. ., These sub assemblies would then come under a central control
point undér the command of Corps HQ. The only other form of priority
coding that was under review would look at a system of automatic

coding dependent upon the shape, size, weight and cost of the spare.

The maximum delivery time for all spares in the field Army area has
been set at 14 days and requires a priority 13 demand. Authority to
cross service from other locations vrequires a priority 06. The
highest peacetime demand requiring instant supply regardless of cost
is 03. German Army units may only use 01 and 02 during war. They do
not use it, (unlike some other organisations) during peace. Demand
priority for units is allocated using the FUD and UofN as in the
British SPS. The exceptional difference between the two systems is
that Schools/Training establishments are the highest priority in peace

which is the exact reverse of the British system.

4.9.5. Supply Branch

The lastkvisit of the Field trip was to what is generally regarded as
the sharp end or coal face. In more formal parlance it is regarded as
the Supplier/Customer interface. It must be stated here that the pre-
vious interviews were all conducted with Officers who whilst academi-
cally minded were in Tactical or Strategic Policy posts two or more
steps removed from where actual operational policy decisions were

made,
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Oberst Hardemann who gave the interview had many years of experience in
supply, was prepared to usevmodern computer technology but was in
addition a realist. 1In his view he could see no logical practical way.
of improving the accuracy of the present forecasting system by intro-
duciﬁg any different formulae whether they be based on life cycle
costing, MRP or DRP methods or priority spares. His most serious con-
cern was with the inflexible constraints upon the present system. It
was his belief that far more efficiency could be achieved by edu-
cating, training and motivating his customers. He cited two classic
examples which will not be too unfamiliar to any supply professional.
During a routine inspection units are graded with regard to their
operétional readiness and these gradings are then produced in table
form and units are compared with one another. The COs of units with
most faults then instruct theierM (Purchaser) to disregard Supply
Policy and ensure in future that they have less or zero faults. The
second example related to incorrect demanding, through igﬁorance, aﬂd

the cascade effect upon the system.

One unit at Level D demanded 1,000 lead Bombeln (lead security tags).
The actual unit of issue was 100 so the demand became 100,000. By
the end of the supply chain and procurement the Budeswehr actually
purchased 30 million Bombeln. The customers motivation was suspect as
he did not have fo pay for his stock or his mistakes, neither did he

understand the supply system or its operations. It was suggested
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therefore that the only way to improve forecasting was to develop the
ability to control the customer in such A way as to smooth the demand
profi;e which should also reflect actual usage. The staff however
employed within supply were also a constraint>upon the system. They
tended to be young girls who could not identify with the spares nor

had they the technical ability to question why it was being held and

what it was used for.

The Heeres suffered from many random inexplicable démands wvhich are
not forecastable. An example was the M48 tank which had been in ser-
vice for 25 years. Certain parts which had experienced novissues were
only now being consumed. The parts are no longer available for
purchase. Tactical policy changes also effected logistic policy. The
M42 was declared obsolete and is now being run on in a different role
for an extra 20 years. There are insufficiént spares remaining within
the inventory and spares are not commercially available. The serQice
level to the customer will therefore be degraded, and the Supplies
- Branch cannot influence the supply. The additional constraint of ran-
dom financial cuts is reducing stock in forecastable areas thus creating
Dues Out. On receipt of stock it is promptly exhausted giving an
overall impression of mismanagement. In order to rationalise limited
resources the tactical command HQ have been requested by Supply
Command to limit Tank track mileage from 1200 to 1000 Km per annum.
This one decision would save 20 million marks each year. No decision

has as yet been agreed. It is operationally important that tank crews
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are conversant with their vehicles and can fight them in all conditionms.

It is highly unlikely that total track mileage will be reduced.

The proliferation of new part numbers is swamping the ability of even
the most highly trained supply operators qsing cbmplex computer equip-
ment. The Supply Branch have task forces operating to reduce Nato
Stock Numbers. New technology, plus modification of old equipment
with new elements is rapidly expanding the Inventory. The M48 had
8,000 parts Leopard II has 36,000. 1In 1974 the Inventory was 260,000
in 1987 it is 480,000. Policy decisions to remove inventory are taken
whenever possible. For example all staff cars and light B vehicles
are serviced and repaired at the main dealer agents. All self fit
spares are supplied by main dealers with a negotiated discount. This
policy extracted 20,000 NSNs from the inventory. Regrettably only 55%

of the total parts required to cater for the Leopard II fleet!
DISCUSSION

The present Heeres inventory system, like most public sysems, is anti-
quated, operated largely by untrained personnel, is dependent for its
efficiency on inflated budgets and is dictated tec by both its ultimate
customer and Tactical Policy. The present climate of change found at
all levels appear not to be planned evolutionary change but change
that has been forced upon the system by external circumstances. The
“decrease in real finance availéble to supply has been brought aﬁout by

political financial stringency and the larger element of the defence
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budget which is now required to procure new systems. This has
resulted in less money being allocated to supply from which more
expensive parts must be purchased. The run-on of outdated equipments
is perhaps the most worrying aspect of the external conmstraint. Had
the supply system not been so over-cautious in the past the possibi-
lity of run-on could not have been contemplated,‘ As it is possible the
ability to reduce inveﬁtory holdings in many ﬁreas has now been lost.
The changes that were most evident weré the focusing of attention
on those items within the inventory that were essential to Operationél
capability. If identified then these items would be purchased first
with the available funds before less important items were considered
for procurement. The paramount logistic consideration was not the
degree of supply achieved across tﬁe inventory range but the ability
to maintain the operational capability of the Army in both Peace and
War. The German chain of command is very clear, precise and logical.
The Policy on control of inventory is well documented, efficient and
out of date. The improvements to the system and the changes in inven-
tory policy are unco-ordinated and fragmented. Seﬁarate planning is
occurring at level A, level B and at Heeresamt for levels C and D. No
single level is checking the effect of policy change upon the complete

system. The main areas being considered for change are:
a. Reduction in stockholding.
b. Identification of essential spares.

c. Computerisation.
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ANNEX A TO
4.9

BASE -LINE QUESTIONS INVENTORY/FORECASTING

1. Inventory.

a. Total NSNs

b. Pareto Analysis.

c. Live NSNs, Shadow NSNs, Civ NSNs,.

d. Life Cycle of Equipment,

e. Civilian compatibility.

f. Stock levels.

- Life Time Buys.
2. Forecasting.

a. Present Methods.

b. Past Methods.

c. Future Methods.

e. Actual Formula used.

f. Variables considered relevant.

g. Service Level total/Individual.

h.  Accuracy of System/Monitoring Method.
i. Seasonal variation,
j. Trend Analysis.
k. Management Intervention.
1. Policy tactical/strategic (Purpose of holding Inventory)
m. Relevance of MRP/DRP.

n. Constraints upon Forecasting.
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CHAPTER 5. HYPOTHESIS

INTRODUCTION

5.1 In 1920 with nearly a million soldiers under arms the Ordnance
inventory numbered some 20,000 item headings. In 1986 with roughly
165,000 soldiers under -arms the RAOC inventory numbers some 740,000

item headings. This rapid increase in inventory size of some 37
times has not been accompanied by a corresponding increase in the
methods of forecasting and inventory control, nor in the comparative
measures available to assess the effectiveness of the high stocks and
correspondingly high input of capital required to maintain such a
large inventory. The current computer models used within System 3 are
still largely reliant upon the Harris EOQ formula and the reorder
point concept developed in 1915 aﬁd 1934 respectively. Whilst there
have been striking advances in manufacturing inventory forecasting
control with the implementation of MRP and more recently DRP, these
advances have not been adopted by either the major public or private
companies nor by the RAOC. Whilst the literature omn foreca;ting and
inventory control is legion there appears to be little effort by prac-
tising major companies to put into practice some of the thoughts and
hypothesis of academics. This may partially be attributed to ﬁhe fact
that much of the literature work produces solutions td hypothetical
problemskas opposed to defining the practical problems and then pro-

ducing solutions.



HYPOTHESIS

5.1.1 The hypothesis proposed is that individual parts, within an
invéntéry, can be sub-divided by dependent, independent or both types

of demand. Wiﬁhin these sub-divisions certain parts have greater
sigpificance and should attract more stock thereby reducing the risk

faced by £he Company; The majority of these spares fall into the
dependent demand category and a classification process which differentiate
between types of demand will improve fofecasting and inventory control

whilst reducing overheads and stock levels.

5.2 Classification/Identification. Chapters 3 and 4 identified

classification/identification as being one of the more significant key
points which had still to be achieved within the Distribution Field.

The RAOC and all of the study companies have lehgthy procedural steps
which must be followed on the introduction of an item to the inventory.
Drawings, specifications, codification, quality assurance and other

steps must be completed and referred back to from the unique stock number
of the part. These processes take months and in some cases years to
complete and the manpower dealing with the steps can identify with each
part. Once the process is complete the part increases in anonymity with
the passage of time until it becomes just a number. The present RAOC
classification system, along with similar systems elsewhere, gbes some
way to illustrate the individual value and management methods required to
méintéin stock levels. Regrettably no system exists to inform the manage-
ment of the significance of the individual item. Stock forecasting

and control systems are based on
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sufficient resources being made available to buy the stock predicted
by the calculation as being required. If there is no money or no
stock movement the decision making process is unable to cope and cri-

sis management and intervention becomes the order of the day.

All of the systems that have been examined accepted that the maximum
operability and in some areas economy would accrue from a workable
classification system. Three companies favoured the approach that
classification depended on an amalgam of tactical/operations factors
and logistic factors. The major stumbling block was invariably that
there was no clear ruling as to what was tactically essential, nor
could more than two agencies ever agree a consistant batting order for
equipments. The main thrust of all previous research has been to
establish the tactical and operations factors which should be con-
sidered. On this question alone most of the research has foundered.
The same problems that innovators such as Klausewitz and Guderian
encountered have blocked most other atteﬁpts. This thesis therefore
ignored, initially the tactical and operational considerations and
concentrated on breakiﬁg the inventories down into sub sets which

reacted to similar variables. The main variables considered are:

a. Tﬁe use of the item heading.

b. The hierarchical role once used.

¢. The means required to enable it to be used.
d. The causes necessitating its use,

e. The time lapse from issue to use.



f. = The individual profile.

5.2.1. Each of these variables has been considered, in depth

throughout ‘the thesis but in summary:

a. The use of the item heading relates to its individual signi-
ficance to the operation of the company as a stand alone part.
This significance relates to the degree of effect upon the
overall company strategy Should‘ the part be wunavailable.
Depending on the company role there can be 2 or more categories
within this variable. The effect can relate to loss of profit,
standing or inhibition of Mission. Whilst the degree of effect
should be subject to risk analysis this is only necessary for
those items which are élearly within the subset of greatest
significance. It follows that the method of control and fore-
casting must be that producing the greatest degree of efficiency
for those item headings held to be the most significant. The

forecasting method is however unrelated to the significance

variable,

b. Whilst an item heading may be part of a significant equip-
ment its»own role on that equipment may not be significant to its
continued operation. The degrading effect of not having the item
heading will relate to the classification of the part and the

determination of the stockout risk acceptable.

c. The specialist tools, equipment and trained manpower repre-

sent the means which may be required in order that a part may be
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used. Additionally the need for other item headings, without
which the item cannot be used, may require the use of BOM's which

necessitate an MRP management system.

d. The identification of the cause of use éhould be the
deciding variable as to whether an MRP or ROL t&pe forecating
‘system is used to manage the item heading. 1Imn its simplest sub-
set the dependence of the item heading represents the initial

variable.

e. The time lapse may or may not be a considered variable and
will vary directly in relation to the companies operational and
supply strategy. Its measurement and calculation will only nor-
mally be considered as a final segregation of important spares.
Its impact on the company operation will be related to transpor-

tation, training and warranty.

f. The individual profile of the item heading need only be con-
sidered when an element outweights the other variables. Examples

are;

(1) Lead Time.
(2) Shelf Life.
(3) Hazardous.

(4) Size, weight, shape.



‘HYPOTHESIS ANALYSIS

5.3. The reasons for holding‘inventory have been discussed at

length in Chapter 3 and will not be discussed further. An inventory exists
to support a particular environment and it is this environment which dic
tates the types of demands which will be placed upon the elements of the
‘inventory. Considerable work in the study has been carried out into analy
sis of the aemands placed by the environment and 3 states have been iden
tified. These states relate either to the inventory as a whole or to part
numbers as 1individuals. The prime sfate which was unquestioned for many
years was that an item's demand pattern 1is totally independent.
(Classification 2, Independent consumable.) If an individual item within
inventory can emulate the life process surely the complete inventory must
also exhibit the same reaction. There is a tendency, however, to automa
tically assume that the total inventory will perform in a similar manner
to the expected life cycle of an individual product, launch, life, death.
This assumption pre-supposes a degree of homogeneity which is not found in
all inventories. Homogeneity will be applicable té those inventories which
are confined to a relatively simple range such as grocery items. The
assumptions of homogeneity within inventory is however compounded by the

process of stock control.

Within each group it is accepted that there are 3 classes of items, those
regarded as A, B and C. The intepretation of A, B and C analysis was
discussed in Paragraph 3.9.1. The basic premise however of the analysis is

that each of these groups exhibits a different form of life pattern, either



active, semi-active or inactive. If we have started with the assumption
that we have a homogeneous inventory we are then arguing against this
assumption by the allocation of different lifg forms to three separate por
tion; of the inventory we hold.

The larger the size of the inventory the greater the probability that there
is actually more than one inventory which is being analysed. Whilst it is
accepted that the measures of effective inventory discussed in Paragraph
3.8 tend to be true‘for homogéneous uniqué inventories, this failure to
recognise multiple inventqries leads to a distortion of the actual figures

produced.

With 1increasing technology and engineering application to distribution
science the second state that of a dependent demand was introduced and has
been accepted, see paragraph 3.10 (Classification 1. Dependent repairable).
Inventories could therefore be categorised into majority dependent or
majority independent demands. This adoption of viewing inventory as a
single entity was the third state. Forecasting and stock control was
therefore carried out on either a dependent or an independent inventory in
a single state. This division, the hypothesis argues is contentious
because there are many items within the inventory and there will always be
a sub division within the inventory between those exhibiting dependence
and those exhibiting independence. Any single model will therefore cater
for only part of the inventory. This inability to differentiate becomes
critical when the item headings within inventory are diverse. There has

been no sub division that could be found where anyone has divided the
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business world into classes in order that their inventory policy could be

compared.

The most simple sub division would be active and passive inventories. An

active inventory would tend to be an inventory which was maintained to
actually generate profit whether by increasing sales or in direct support
of a commodity already sold. A passive inventory would be the direct oppo
site in that it is not sold but is maintained to support and be consumed
within the company or business and is used to support the operation which
in its own turn generates the profit or service which the organization is
there to provide. For an active inventory the demand rate can be regérded
as high and the turnover of part numbers (introduction and discontinuing of
stocked items) is a constant throughput. The inventory may therefore be
regarded as Live. It would be possible to sub divide these 2 classes into
many sub classes but that is not the intention. The difference between the
active and the passive inventory preclude a single or multiple type of
policy which can be used with regard to all inventories. Both types
however require formal policy planning in order to meet some hypothetical

level of excellence.

whilst the model, be it statistical, MRP or DRP based is quite capable of
dealing with a single state it is incapable of coping with dual status. It
is a natural progression therefore to identify that a fourth state can
exist where there are clearly identifiaﬁle divisions within the inventory
to create 2 separate single inventories within the whole. The argument of

the hypothesis is therefore that to adequately forecast demand, inventories
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5=9
should be subdivided initially into classifications not by their physical

make-up, nor by parts explosion, but by demand dependence. Stock control

will still however require to be carried out in some logical numerical

sequence and grouping which will still rely on part number categorisation.
Thése individual inventories would be either independent or dependent for
their demands (Classes 1 and 2). The second hypothetical state which may
exist however is for an item heading to experience both dependent and
indepen dent demands which when not isolated can be reflected as a single
demand upon the item heading (Classes 3, 4, 5, 6 and 7). As inventories
have grown larger and have covered much wider areas of product lines, it
is arguable that there has been an increase in the sporadity of demand
history. In the worst case in the largest of inventories the hypothesis
argues that items can experience dependent Ademand, independent demand, a
combination of dependent and independent demand and groups will exist
within the inventory on which dependent demand is allied to a single or

fleet of external equipments for operations. This is displayed diagram
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matically below.

Spares usage for scheduled planned repair (pr) —_—> Time

Spares usage for unscheduled repair (ur)
Time

Breakdown of Demand

Figure 5-1
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The significance of this hypothesié is that irregardless of whatever
forecasting system is used against the total inventory, it will only
be partially accurate. From this initial hypothesis it would seem
apparént that each individual item heading within the inventory must
be analysed to ascertain into which category it will fall, dependent,
independent or both. The argument for this SuppositionviS'the low
success rate of inventory forecasting techniques which are based on

single forecasting models (Chapter 6 see paragraph 2).*

The data from which these analyses are drawn are based on the éingle
inventory concept and make no differentiation for the existence of
multiple inventories. The Large Public or Private Company inventory,
the hypothesis argues contains item headings whose demand is both
dependent and independent. Neither of these is treated separately as
the inventory is considered to be a single unique inventory. The
inventory is however composed of unique item headings which exhibit
different activitiés and their individual manipulation will have dif-
fering degrees of effect upon the physical cost of the total financial
operation. There is little value in using expensive administration and
management time in evaluating those item headings which have insigni-
ficant effect upon the total operation and whose cost may be measured
in pennies. It is therefore argued that there should be an additonal
' category of inventory which may be regarded as insignifiéant from a
costing point of view. (Classification 8). These items may normally

be identified by ABC analysis. This argument could be further extra-
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polated to the point at which it is found that it is unnecessary to
carry those item headings in stock as failure to supply will have zero
effect upon the overall company operation. This Policy decision is a
matte; for the manage ment of a distribution system and is discussed

further in the risk analysis section of Chapter 6.

Main Factors RAOC Inventory

5.4. The characteristics of a unique item heading will allow the
inventory to be categorised into various groups in which similar or
like item headings are held. The major stumbling block with this
fairly simple suggestion is that in the same fashion as Jekyll and
Hyde could be one and the same person whilst being totally different,
is that within most major public concerns there are 2 extremes which

have to be catered for.

War Significance

5.4.1. In the case of the RAOC these are peace and war. An item
heading may have little or no use during peace but be vital to opera-
tions during war and the reverse is also true. During peace the most
significant characteristic of an item heading is the cost to purchase
whilst in war the cost tends to be immaterial and it is the failure to
supply which becomes the overriding factor. When the 2 are combined
it is possible to draw the notional matrix which can exist in peace
and in war. Such an analysis across the complete range of inventory

would be impossible to carry out, even to do a small part of inventory
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would be time consuming and possibly counter productive. If however
the problém is approached in a reverse manner it is possible to rede-
fine the areas of inventory which should be analysed having removed
already those item headings which need no further consideration. The
2 major factors which would be considered on the first trawl through
‘an inventory should be the effect of a stockout (the War significance)
and the possibility of an alternative source of supply (the Lead time
element. To illustrate this point the decision over 2 part numbers
5120998045475 and 7830991385745, chosen at random, is relatively
simple even without doing any research at all. The first is a wrench
and may have some operational significance. The second is a vaulting
box for gymnasium work. The effect of a stockout of a vaulting box
during war would be nil and should such an equipment be required
’various alternative sour ces of supply could easily be found. The
wrench on the other hand may be part of a complete equipment schedule
and may be classed as opera tionally essential. If there are several
other wrenches capable of performing the same function within the
inventory, it would only be necessary to classify one of those item
headings as essential for war and to be maintained in a no stockout
position. This first trawl coupled with the data already on file will

allow the 8 classifications to be allocated.

5.4.2 Volume by Value

The major stumbling block with any major organistion is the sheer size

of the inventory and the time that would be required to identify the
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various elements which it is considered should form part of the deci-
sion matrix. Assuming the fact that any organisation whether profit
or service motivated must operate within finite resources then it is
accepLed that 100% availability forithe complete range of inventory
is an impossible objective. Money tends to be the governing restraint
and the hypothesis agrees with the present attitude within distribu
tion that this should»form the second point for analysis. Where the
hypothesis differs from accepted practice is that with the vast
number of item headings held a straight forward ABC ana lysis is con
sidered of little real value. It is proposed that prior to analysis
the inventory is subdivided into high value, medium value and low
value items. It can be argued that a double ABC based on throughput

and then value caters for this problem but the contention is that with

)

(

Multiple ABC Analysis
Figure 5.2

large inventories, the sheer size leads to a blurring of the division
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between A and B and possibiy C and that the value of the process is
negated. Assuming for the moment that this 1is correct the value of
the effort required can only be optimised if the analysis is taken
one stage further. The degree of effort in this next stage may be
limited to the three categoriés of A or if resourceé are ‘available
cover the nine categories of A, B and C.

5.4.3. Lead Time

Failure to éupply caused by insufficient stockholding can have dif
fering degrees of effect on the companies operation. At this point
they may be loosely termed High, low or nil effect. This argument is
not new and has been covered by a few authors when related to spares
parts inventories. The major difference with prior work and the
hypothesis is the argument that all items within complex inventories
within the A category should be assessed for their effect on the
operation. The normal approaches postulated in the past have proposed
three or at the most four subdivisons of risk nearly always based on
perception or cost. Stockout the hypothesis argues is not the
governing factor but the time to replace stock must be the overriding
constraint. The actual as opposed to the management related lead time
to replace stock should be the governing factor in assessing what
constitutes a stock out risk. Companies A and E have already adopted,
dictated by circumstances as opposed to actual con sideration, a
system that is not dissimilar to this and is covered in Chapter 4.

With the opposing operating conditions of Peace and War the possible
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alternative sources must also be coﬁsidered. The'only variable which
cannot be directly quantified is the change in usage from peace to
war. Fortunately, from a humanitarian viewpoint, the British Army has
fougﬂt no major conflict since 1945. This howeQer means that the
decision process on War Reserve spares is based on con jecture, simu-
lation, conflicts fought by other armies and to some extent pure
guesswork. This variable however should be brought into its correct
context. Whilst the requirement for combat supplies and replacement
equipments represents a major financial commitment the present
holdings of war reserves represent some 1.79 percent of the total
inventory value. The significance of this point is perhaps best
illustrated by the usage of Rapier spares during the Falklands war.
The limited number of equipments committed to this operation used 18
months worth of the total war reserve for certain spares in a matter
of 6 weeks. The hypothesis therefore proposes that if war reserve
spares cannot be calculated then the peace holdings should be
increased to such a level that the failure caused by increased usage
in war is negated by increased stocks in peace, The hypothesis
suggested therefore is that the Service level of all stocks should be
dictated by their operational importance. The increased level of war
reserve spares being funded by the respective decreased levels of

stock for non-operational spares.

5.4.4. Repair Time.

The RAOC divides its inventory into general stores, clothing, MT and



5-16

technical stores ranges. The item headings within these ranges are
divided into complete equipments, repairable assemblies and expendable
stores. Complete equipments and repairable assemblies are not
.controlled by forecasting techniques but are dependent for their
holding and repair on the fleet or dependency which they support. The
stock balance of the inventory, some 740,000 item headings are
controiled by a single forecasting calculation which‘ depends upon
usage. This system is mirrored by Companies A, B and C albeit with
differing terminology. Commercial firms whether public or private
tend to refer to consumables and repairables and include the complete
equipments as repairables. The focus of management effdrt tends to
fall on the repairable item headings with control of consumables being
left to whatever computer programme has been installed. The obvious
reasons for this subdivision of effort is the visible cost not only in
initial purchase price but in maintenance workshops and manpower. In
addition the failure of a repairable item heading, be it an aero
engine, a mine water pump or a tank engine appears far more important
than the shortage of a turbine blade classed as a consumable.‘ The
lack of or shortage of turbine blades over any period of time may not
be catastrophic but once this shortage has forced ali of the
repairable reserve assemblies to be used thgn the effect will be the
same as a shortage of repairables. The hypothesis therefore is that
every consumable must be categorized with cognisance of its effect on
its parent equipment and its parent equipments position in the

hierarchical workings of the establishment. For a private concern
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this is a far simpler matter than for a public concern. The effect of
downtime of an equipment can be quantified to a greater degree than
for a public organization. That is not to say that public concerns
are not motivated by profit! A public concern such as Company B
relates the component parts of an aircraft, some of which may be
regarded as individual equipments; against the effect of failure on
the safety of their customers. An aircraft seat fulfils not only a
comfort role but an element of the overall safety ofvthe passenger.
One seat however is not‘accorded the same significance of an engine or
a navigation system. The plane can fly one passenger short and still
perform its function to an acceptable degree. The shortage of func-
tional seats only becomes a problem when sufficientﬂseats are unser-
viceable to make the planes journey non-profitable. This situation
may still not be considered as an emergency as it may still Be suf-
ficient, dependent on demand, to operate the flight in order that the
standing of the company is not impaired. This analogy has been intro-
duced in order to demonstrate the proposed deterministic/stochastic
process which must be followed to categorizé a spare. The sequence of
steps is arguable but if you are the individual concerned then the
effect on the individual is paramount. The second element is the
effect on the equipment and its capability of performing its primary
function. For private concerns there is only one additional element
and that is the effect on the corporate body. For many public bodies
-dependent on their status or role there is the additional element of

the effect on national interest.
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Hypothetically therefore there are four elements which should be con-
sidered when examining the importance of a spare. If one were only
considering a peacetime situation these four would suffice. The
impoétance ofkhuman life during war is however subservient to national
interest. The RAOC inventory is maintained in order that the United
Kingdom can fight and win a war. This consideration must therefore
temper our analogy and the importance of the individual. Of more
importance is the role an idividual is expected to perform. The first
element should therefore concern itsélf with the effect on the ability

of the individual to carry out his role.

Having deduced the effect of a shortage against various levels there
are two other considerations which need to be examined. Both relate
to time. The first relates to the time elapse between the requirement
arising and the part being supblied which we will refer to as the
customer lead time (CLT). The second element of time is the time to

fit or bring into use the spare supplied which will be referred to as
the repair time (RT). These times will vary for each individual com-
ponent and will also be dependent on the ability of the engineer
fitting the part (TRG)} the conditions (C) he must work under and from
where the engineer (ET) has travelled. The total time elapse in its

‘simplest format would therefore be:
CLT + RT (TRG) + rT (€) + ET = TT.

The major elements within this formula will be CLT and RT(TRG) as the
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increase incurred by RT(C) and ET will normally be small., In peace-
time all capital equipments are maintained in service by repair and
are subject to disposal on economic grounds. This standard is main-
taineé by both the public and private sectors. In war priority would
be given to those equipments which can be repaired quickly and which
have a kill or defensive potential. There would therefore be an ele-
ment of queueing of equipments dependent upon the speed with which
they can be repaired and their individual importance. This was tried
and tested by the Israelis in both the 1967 and 1973 wars. The addi-
tional element will therefore be Prio;ity Time (PT) which may range
from 0 to infinity. The inclusion of infinity is necessary as parts
may be removed from a casualty to repair high priority equipments.

The final equation will therefore be:

cLT + RT (TRG) + RT(C) + ET + PT = TT.
From the organizational structure and explanation of the Standard
Priority System in Chapter 2 paragraph 2.6 it is fairly obvious
that CLT can have five variables. These are:
CLT; time elapse from unit to customer
CLT2 time elapse from Ord Coy to customer
CLT3 time elapse from FOD to customer
CLT4 time elapse from COD to customer
CLT5 time elapse from manufacture to customer
Each variable will additionaly be affected by the travelling con-
ditions dufing tension, increased hostilities and war. Whilst all

parts that have been known to have failed or are expected to fail are
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held in CODs only those parts which obey the following should be

held forward in peace.

CLT + RT(Trg) + RT(C) + ET = 48

"This initially appears to be a contentious statement but should be
examined after considering the general Equipment Management policy
Statements. These lay down an expected availability of x% during
peace and y% after 24(note 1) hours of tension and close to 100%
after 48 hours. Therefore the relationship of CLT to RT(Trg)+RT(C)

+ ET will approach a straight line graph.
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5.5. Trial Hypothesis Classification. The hypothesis however

argues that rather than establish rules and variables for the signifi-
cant element of the inventory the first step should be the iden-
tification of that inventory which is insignificant when only the
primary purpose of holding inventory is considered. In the case of
the RAOC this is of course war. The inventory should therefore be

first assessed for its war insignificance.

All inventories researched were already in a position which would
enable them to subdividé their item headings into consumable and
repairable. Invariably there is some blurring of this classification
and the consumable/repairable classification is normally introduced.
The second process therefore is to identify all war significant
parts in the two or 3 classes

2 Classes 3 Classes

War

Significant Significant | Insignificant

I
~ I
War I war
Insngmflcant [
|

Repairables

|
|
\ Repairable / Consumable

I
I
|
I
I
Repm{cbles
|
l
I
|

Consumables

Consumables

Classification by Classes

Figure 5-4

]
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The value behind this approach is that whilst a non-technical individual
would have some difficult); identifying a war significant irtem heading it is
possible to identify war insignificance. A simple set of guidelines can
be written by the inventory managers within each inventory group to ensure
this was succesfuliy completed. The first pass would remove owuver
50% (350,000) of the present item headings. This would

have the additional advantages of ensuring that management time was
concentfated in a much smailer area. This should ensure that the
upper levels of classification are more accurate.
The present demand/usage must be ignored at this point as it is
largely irrelevant as it is drawn from usage during peace. It 1is
essential that the classification process identifies significance for
war. If the non significant sweep is effective then the remaining
stock must be classified with regard to Lead time, Supply chain time
and Repair time., The lead time curreantly shown on the computer will
drastically reduce during war when the countries industrial base and
workforce focus on patriotism and survival, The scenario for war is
however a short tension period followed by a brief but vicious battle.
RAOC stock is held against the accepted scenario and therefore the
total stock required for war should whenever possible be held or on
order. The current lead time is therefore the one that should be
used, this does not however infer that the shown lead times cannot be

further reduced in Peace. In order to allow some form of grouping
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2 Classes + Lead Time 3 Classes + Lead Time

War
Insignificant

N War
significant War Insignificant  Significant

103
/T4

4 Ll
/[ LT2
LT3
LT4

Figure 5-5
the initial classification it was decided that the lead time groups should

be:

LTl 6 months
LT2 6 months 12 months
LT3 12 months 24 months
LT4 24 months

The supply chain time does not differentiate between consumable or
repairable and, in war, cost is of no consequence. The time therefore for

a war significant item heading will be the fastest possible; subject of
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course to hostile interference. The equipment the item heading relates to
is not important, what can affect the supply chain time however is the item
itself. Size and weight necessitating special handling facilities may
increase the travel time and whilst not requiring an additional classifica-
tion will require different supply considerations relating to positioning
within the supply chain. The only other factor within this area to be con-
sidered is hazardous cargo. Where the item will require special handling
or must be isolated from other items the timings again will be severely
affected. The supply chain time, it is believed might be ignored as for all
but a few categories it will be the same. A special classification however
should be established for items whose unique characteristics will affect
the étandard supply chain timings. This category will be referred to as

SCTA (Supply Chain Time Affected).

The third area which requires consideration is the repair time. This is
covered in detail in parag;aph 5.4. The repair time for a consumable can
obviously range from O for a spanner which is a non-related item heading to
several days for a crankshaft bearing in a tank engine. Within the
repairable category the repair time cannot start at O but again can be up
to or iﬁ excess of several days. In the given war scenario the most cru-
cial stages will be achieving maximum operability before hostilities com-
mence and then maintaining operabilityonce battle casualties are suffered.
The most important categories for repair time should therefore be the shor-
test. The following repair times will be considered to examine the rele-

vance of repair time.
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RT1 = 0 (Consumables only)
RT2 > 12 hours.
RT3 € 12 hours ¥ 24 hours.
RT4 < 24 hours > 48 hours.
~ RTS > 48 hours.
2 Classes + Lead Time S 3 Classes + Lead Time
~ + Repair Time ' + Repair Time
' ' War
vificant ZR{I\R/nFT? 4 Significant Insignificant

/ RT1|RT2|RT3 R@ LT3

T1|RT2|RT3 Ru.) T2

/

/RT1| rT2] RT3 RTI.KLTL

/
[
[

RT2|RT3|RT4|RTS ggg;c

RT2| RT3 |RT4 RTS}LTZ

RT1

RT2|RT3|RT4 RTSZLT3

RTi[RT2[RT3(T

39 Classifications : 55 Classifications
Classification by classes Lead Time and Repair Time
Figure 5-6
In figure 5.6 the number of possible classifications for the 2 systems are
" 39 or 55. As soon as this level of definition is reached the user of the

system tends to become confused and the system loses both credibility and use.
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Even on the small samples of data each item would have to be matched
- against a minimum of 7 configurations before it could be classified. If

the major variables are:

1. War Significant 2. War Insignificant 3. Repairable

4. Consumable 5. Both Consumable 6. Lead Time
and Repairable

7. Repair Time
then it is possible to allocate the possible sets which are displayed in
the Venn diagram below.

War Insignificant

Na%A

Venn Diagram
Figure 5-7

A represents the set Dependent, Repairable, Repair Time

B represents the set Indepeundent, Consumable, Lead Time

C represents the set Independent, Dependent, Repairable, Consumable,
Movement Time
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Note 1. Total area represents complete Inventory.

2. Area occupied by circles does not represent group sizes of sets.

The 8 possible combinations would be:

1.

8.

AnB'nC' Sig Dependent Repairable Repair Time
A'nBnC' Sig Independent Consumable Lead Time
A'nB'nC Sig Independent Dependent Consumable Repairable Mov Time

AnB'nC Sig Independent Dependent Consumable Repairable Mov Time
Repair Time

A'nBnC Sig Independent Dependent Consumable Repairable Mov Time Lead
Time

AnBnC Sig Independent Dependent Consumable Repair Mov Time Lead Time
Repair Time ’

AnBnC' Sig Independent Dependent Consumable Repairable Repair Time
Lead Time.

A'nB'nC' Insignificant Independent Dependent Consumable Repairable

If the Pareto rule of usage holds good for stock quantity during war, and

there is no evidence to suggest it does not, then 80% of the inventory will

lie in A'nB'nC'. This will therefore mean that the actual level of inven-

tory requiring classification should be in the order of 150,000 item

headings. If the items were evenly distributed amongst the combinations

each combination would hold 20,000 items of inventory. As the business

norm is taken as 12,000 item headings per provisioner the working inventory

could be handled by 14 professionals.
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5.6 Comparison. There is a constant requirement whenever government
funds provided by the taxpayer are consumed to ensure that what is
spent is utilised in the most effective way. Whatever can be saved or
wher; malpractice can be identified, action can be taken to reallocate
resources for more demanding ‘or essential priorities. Defence
spending will always be under scrutiny in peace and this examination
becomes even greater when all government spending during periods of
financial restraint are under scrutiny. Measures of effiéiency can be
produced by two opﬁosite methods. Firstly the efficiency of a system
to meet the internal objectives set by higher management provides the
most precise method of gauging a systems efficiency. Commercially this
is the most practical and useful but relies on the clear management
understanding of what they wish the system to achieve and then being
ableto communicate these wishes into clearly understandable objec-
tives/ targets or policy. The second and increasingly more important
method of measurement is by direct comparison to other companies.
This comparison is often carried out with no regard to similarity of

operation or constraints.

SUMMARY OF HYPOTHESIS AND EFFECT OF IMPLEMENTATION

5.7. Classification. The process of classification will enable the

inventory to be divided into subsets of homogeneous items which will
react in demand patterns, cost, usage or a selection of variables

which having been identified will react to altermative systems of
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control especially the application of ROL/ROQ 'systems, forecasting
calculations or policy parameters, This may allow if the
hypothesis is correct: ,

a. Reduction in Stock Levels.

b. More accurate forecasting.

c. Increased automation.

d. Closer computer management control and flexibility.,

e. More accurate compilation of budget costs and forecasts.

f. Increased management data.

g. Greater simulation of options.

5.8 Multiple ABC. The multiple ABC analysis should allow:
a. Concentration of management effort.
b. Decrease in stock outs of fast moving spares.
c. Decrease in management effort on unnecessary items.
d. Decrease in output of insignificant data.
e. Increased control over budget and spend.

f. Incresed awareness of inventory problems.

5.9. Repair Time. The introduction of Repair Time calculations

related to inventory will have the following effects:

a. Increase in stock within Theatre.
b. Decrease in stock levels in UK.

c. Decrease in overall war stocks.
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CHAPTER 6. DATA SAMPLE

6.1 Introduction. Drawing data from any inventory belonging to a
multi-nétionalAcombine poses certain problems. If the sample is too
small any result is open to criticism as being unrepresentative. 1If
too large the sample becomes unwieldy and tests become increasingly
difficult to carry out or bring to any conclusion, it is also possible

that vital results are overlooked in the mass of data created.

An analysis of complete inventory is as meaningless as an analysis
of an individual part when that inventory numbers some % of a
million item headings. The two analyses together, it is believed,
will give both the micro and macro overviews of the state éf the
inventory and the possible benefits or not of a change in line wigh
the postulated hypothesis. It is not possible to state how far one
has gone without knowing where the start point is. The first part of
the chapter investigates the present state of the inventory. In the
second part random samplesvhave then been takeﬁ and the hypothesis
tested against them to see whether there is a negative or positive
effect. The tragedy of any work of this nature is however that unless
the actual results are superimposed in’ a real world and all the
constraints come to fruition (that is total war) then the true as
opposed to calculated effectiveness of the changes will never be

known., Validation and the effects of change have been calculated as

far as humanly or humanely as possible. (Note 1).

Note:

1. Parts of the thesis are now being implemented. These are

detailed at Chapter 9.
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It was decided at an early stage that it was both unmanageable, unne-
cessary and practically impossible to carry out analyses on each item
of the total RAOC inventory of 740,000. It is a live inventory and
rougﬁly 2% of the inventory would have changed during analysis due
to obsolesence and inscaling. In order that the analyses were as
accurate as possible the two major aspects, present state and the
effect of alternative procedures wouldArequire differing samples. In
order to analyse the present state the inventory was analysed using

the present Domestic Management Code groupings.

6.2. The Present State. This analysis used readily available data

from the RAOC Management Information Returns (MIR's). The only method
of ensuring tofally acceptable accuracy was to take a one-off snapshot
of the total inventory holdings. This would allow the reliability and
efficiency of the present system to be graded against the Domestic
Management codes. A one off MIR was produced by DSM(A) Iisting the

following data:

a. Total NSNS in DMC.

b. Total NSNs with no movement in 3 years.

c. Total NSNs not exceeding tracking limits.

d. Total NSNs breaking tracking limits once.

e. Total NSNs breaking tracking limits more than once.
The inherent Aproblem with a snapshot sample being that whilst it
represents the whole population it may not be representative of the

average situation.
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With an inventory of ¢ million and an offtake of 3 million issues per
annum however the aggregated average tends to the norm. This has sub-
sequently been quantitatively analysed by carrying out the same tests
using a snapshot at yearly intervals over 3 years. The results sup-

port the initial findings.

6.3. Alternative Procedures Sample., The critical samples for analy-

sis were taken at random but in 2 ways. The split between COD's
Bicester and Donnington is by DMC and therefore separate samples were
taken from both Depot holdings. In order to have an independent
sample, a sample was also taken from the complete inventory. This
third sample was supplied by the RAOC OR cell and was used to confirm
the validity of System 2 and 3 Systems. The Domestic Management Code
attempts to group items belonging to types of equipment or having
similarities of use. These DMC's represent a stratification of the
inventory. DMCs range from 10-50 items to 10,000-15,000 items. A
random sample from each approximating to 1% of the NSN's per DMC was -
taken, Where 17 yielded no sample the DMC was assessed. If the NSN's
were active and .were not new to service a sample was included.
Whenever the NSN's were unestablished i.e. a new DMC these were
‘ignored. After selection of the sample NSNs, Provision Review Form
(prF) Note 1 output was requested from DSM(A) and the following data

loaded onto a Sirius Micro:

NATO Stock Number

Domestic Management Code
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Item Name

Inventory Classification

Service Level Achieved

Service Level Required

Establishment Date

War Maintenance Reserve Holding .

12 x Quarters Issue Data

Control Indicator

War Reserve Stock

Forecast Quarterly Demand

Last Issue by Date

Lead Time (Management Set)

Lead Time (Computer Calculated)

Re-Order Level

Economic Order Quantity

Price per Item

Stock Holding
Note: 1. An example of a PRF is  at Annex A,
The data was loaded manually twice and cross checked. PR?'s were

retained in case unusual results required checking at a later date.

6.4. Present State (Macro)

The published efficiency of the present forecasting and invenﬁory
control system is based on the achievement of a 95% service level.

This service level is adversely affected by natural and imposed
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constraints, discussed in Chapter 2. The structure of the present

database subdivides NSN's into:

1. Recurring Demand (RD)
2. Management Level Established (MLE)

3. Management Level Unestablished (MLU)

Within System 3 stable computer controllable items are referred to as
Recurring Demand (RD) items. When an item is introduced into the
inventory or when it becomes unstable its status is Management Level
(ML).
From the available data this can be further subdivided into:
1. a. Recurring demand not breaking tracking limits RDO

b. Recurring demand breaking tracking limits once RDl

C. Recurring demand breaking tracking limits twice RD2

d. Recurring demand with no movement RD

2. a, Management Level established not breaking
tracking limits . MLO

b. Management Level established breaking tracking
limits once ML1

c. Management Level established breaking tracking
limits twice ML2

d. Management Level unestablished with no movement WLU

(note MLU breaking tracking limits included in ML1/ML2)

This produced 9 fields from which the following data was compiled:
NSN Total RDO + RD1 + RD2 + MLO + ML1 + ML2

NSN Nil Movement MLU + MLE + RD
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NSN Movement NSN Total - NSN Nil Movement

Total Tracking Limit breaks(TRE12) = RD1 + RD2 + ML1l + ML2

Total Tracking limit two break (TRE2) = RD2 + ML2
The efficiency of the forecasting system was taken as the number
'of line items experiencing movement which }did not break the
tracking limits. This was taken at two levels. Level 1 efficiency
with 1 break (EFF1l) andllevel 2 efficiency with two breaks (EFF2).
The equations used were:

1 NSN Movement - TRE2 x 100 = EFF1

NSN Movement

2 NSN Movement - TRE1l2 x 100 = EFF2

NSN Movement

The tracking limit set within system 3 equates to 3 standard
déviations. Breaking this tracking limit is generally accepted
within distribution as indicative of an out of control situation.
The table below is an extract from that at Annex B which shows by
DMC the degree of control or level of efficiency achieved within
the system. A single break of the limits (EFF2) may be as a result
of a cyclical/seasonal surge or may be a trend. Greéter than 2
breaks (EFF1) is a more accurate indicator of the level of control
being exercised by the use of exponential smoothing. This degree
of control is clearly seen as being least effective for those DMC's
allocated to technical or engineering spares.

This gave a clear indication of the validity and stability of
issues.Within each DMC two sets of results are shown. A full

listing is at Annex B.
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INVENTORY ANALYSIS

: NIL NSN TRE TRE :

DMC ROD RDI RD2 MLO MLl M2 MLU MIE RD TOTALMOV MOV 12 2  EFF 2 EFF1
(8 (b) (c) (@ (e () (g () () (D «A) @ @ @ (P (9

CA 326 527 17 197 193 42 194 9 96 1302 299 1003 799 59 23.37 %4.1%
CB 492 790 30 158 213 39 131 5122 1722 258 1464 1072 69 26.8%7 95.3%
CC 47 8 8 28 66 13 15 3 2 245 20 225 170 21 24.4% 90.7%
CD 223322 8 99 38 17 60 4 54 707 118 589 385 25 34.6% 95.8%
CE 40 71 7 121 19 16 20 111 13 449 144 305 288 23  5.6% 92.5%
CF 306570 35 9% 13 9 8 8217 1027 307 720 627 44 12.9% 93.9%

Figure 6-1

The recorded achievements are shown at Figure 6.1. The systeﬁ effi
cienéy rating tells the manager nothing of the possible understocking,
overstocking or failures caused by the forecasting and inventory
control accuracy for the totalbsystem. Service level by its very for
mula relates to items which are being issued. In order therefore to
assess the actual efficiency of the operation it was decided that over
the 3 year span that has been analysed any item that had not moved
would be excluded from the calculations.

To crash the error tracking limit a démand must
fall outside 3 ¢~ which is a reasonably generous allowance. The
inventory was therefore further categorised into those breaking the
error limit once and more than omce., (NSN1 and NSN2). Having iden
tified those NSN's which contiﬁualy exceeded the present limits it was
possible to state the expected or actual efficiency of the present
system. By using the Domestic Management Code (DMC) it was further

possible to identify which DMC's had the highest incidence of failure



and theoretically the greatest scope for improvement. The percentage
efficiency was taken as being:

No of Failure x 100
. DMC TOTAL

The span of success/failure by NSN is illustrated in

the graph below: .
. SUCCESS RATE OF PRESENT FORECASTING SYSTEM

600000

N
500000 A §
§
400000 - §
:if,_’ 300000 A §
2 N
200000 A §
|
100000 §\
AN NS o
100 90 80 70 60 50 40 30 20
FAILURESZ
Fig 6.2

By extracting the issue frequency from the data‘base it was possible

to reduce the inventory requiring analysis from 750,000 to 240,000.

The usage pattern for the two primary depots was additionally analysed
in an attempt to see whether greater analysis was required in the tech
or non-tech spares. The analyses show that Donnington had 66.5% of nil
moving items and Bicester 34.3% of nil moving whilst the Inventory

overall percentage was 63.85%. This type of analysis must however be



regarded with some suspicion. The argument against using it is that
there is a constant flow between the non-moving and slow moving cate-
gory. It was further argued by the Provisioners within the (DSM(A)
Divisi;ns that some of these items would be critical and experience
high wusage during conflict. The same provisioners when questioned
about their technical knowledge and background were not prepared even
with 10 years data and the technical specification for an individual
item to declare redundancy or recommend total outscaling. These
contradictory arguments represént one of the major differences between
the Profit and Maintenance inventories approaches- to non-moving
spares. Whenever the slow moving item was fouﬁd in a profit orien-
tated company it was reviewed carefully and removed at the earliest

- possible date. Within the Support or Maintenance inventory for both
the Public and the Private sector the complete stock or part of the
stock would be retained until the equipment it supported was phased
out of service. 1In some instances the spare would be sold with the
equipment or retained as a possible sales item at a later daﬁe. None

of the Companies taking part in the study considered that the item
should be revalued to include the cost to the company of holding the
item or give a return on the capital tied up in the item. All of the
companies researched believed that their management effort should be
concentrated on the fast movers whilst leaving machines to deal with
slow or non moving. One company had perhaps the most straight forward
approacﬁ to cost reduction for this slow moving area. All slow movers

were moved to an old unmanned warehouse and once stored the doors were
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locked. No stock maintenance or S&R was carried out on this stock.
By far the largest element of the RAOC Inventory is tied up in mnon
moving or slow moving stock. If the hypothesis is correct then even

this element wust be regarded as more than just one inventory. The

.~ RAOC supports the REME Base repair programme outlined in Chapter Two

()

MILLIONS

and a percen tage of the NSN's will be dependent demand based on known
data. They are therefore not non-moving but bought in advance of
requirement. They should therefore not be considered in an analysis
of slow/non’moving stock. Independent demand items within the cate-
gory will either never be issued or may experience random demand pat-
terns. It is within this area that categorisation of criticality and

impact upon operability is necessary. A reduction of inventory held
within this category would have the following financial reduction on

the capital holdings of the inventory.

POSSIBLE SAVINGS
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PERCENTAGE REDUCTION
Fig 6.3
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The estimated saving is in the order of £2.89 M pef percent reduction.

From Fig 6.1 it is apparent that the efficiency of the system is poor.
It was decided to investigate this efficiency further. As the RAOC
system depends on stock being drawn fofward by an oﬁerseas depot to
support its dependency the withdrawal of a large amountrof stock would
exceed the normal 3 limits. As it is unlikely for an overseas
theatre to draw more than twicé in any one year a second analysis on
those items which exceeded the 3 limits twice or more was carried
out. (System 2 did not differentiate between a customer or a depot
demand, System 3 does but the inflationary effect upon the FQD
may result in a reversion to System 2 data collection). The results
of this second analysis are shown below and reflect a much improved

level of efficiency.

EFFICIENCY ANALYSIS

—e— FAST MOVING
—+— SLOW MOVING

250000
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100000 -
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T v

o 78 80 Qb 95 93 9; Qg 96 S7
PERCENTAGE EFFICIENCY

Fig 6.4.
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The true ievel of efficiency of the programmed calculations must
however lie somewhere in between the 2 means of Fig 6.2 and Fig
6.4. The secondary depot in BAOR holds an uppér limit of stock in
the region of 80,000 NSN's whereas the actual live inventory is
about 250,000. The current situation is that the efficiency level
of thekpresent EOQ/ROL system lies in the region of between 10 and
70% across the complete range but the lower quartile contains the
majority of the fast moving items.

6.4.1. Lead Time Analysis (Macro)

The RAOC have been aware that the 'excessive stock holding in
comparison with commercial pragtice' relates in many instances to
the long lead times experienced by many part numbers. This was
identified most clearly in the Raynor Report conducted in 1976.
Recognition of a problem and the means to rectify that problem are
not always clear cut. Purchase orders placed by the RAOC: have
traditionally taken 6 months from raising by the provisioner to
receipt by the contractor. This problem has also been identified
and the problem addressed by reorganisation within the procurement
executive. The diversification of procurement methods has reduced
the administrative 1lead time of many of the more frequently
purchased items to months if not Veeks and the use of running
contracts is well established. This progress is now being reflected
in some supplieré (especially B vehicle spares) inability. to
forecast their own stock levels. The MOD order is of sufficient
size to create lumpy demand which their forecasting systems are

unable to cope with. (Source of data withheld)
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The Supplier Lead Time is therefore increasing in direct proportion
to the reduction in MOD internal administrative Lead Time.
Regrettably however for slow moving, infrequent orders or military
~specials the delay is not so much with the procurement but the ability
of the contractor to programme short runs, job lots or make to order
items. Within the RAOC the lead time is regarded as the elapse of
time from raising the requisition until that moment in time when the
étock is on the shelf ready for issue. In most cases therefore there
are two elements of administration lead time: That during processing
of the requisition and that time spent processing the receipt. The
graph of figures 6.5 shows an analysis of lead time for the complete
inventory showing a mean lead timé of 10 months. This graph is
however contentious in that with the large number of non-moving items
held the old lead times (approx 60% of the inventory) distort the 1988
true lead time. The scenario for war described in Chapter 2 indicates
that any future war will have to be fought with off the shelf stocks
as there will be insufficient time for industry to gear up. Many of
the RAOC items have comparable civilian equivalents and for those high
tech areas of military hardware, sales will still be continuing. This
was evident in the Falklands war when radio spares and equipment,
defence stores, engineering plant and many other items were delivered
from trade within 36 hours of a requisition being raised. Lead times
for some items will therefore, for a short period until contractor
stocks are exhausted, reduce to zero. After the initial delivery

further stocks of critical items were manufactured to order with many
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not being received until after hostilities ceased. It is impossible
to éredict what spares will be available immediately from trade oh‘the
transition to war but it is practical to assume that some buffer
stockg will become available from trade. It is also likely that the
concentration of manufacturers on survival coupled with patriotic
workers efforts will contract lead times drastically. If therefore
the requisition and administrative lead time is also reduced, as hap-
pened during the Falklands campaign, all of those items with lead
times of less than 12 months in peace will have their lead times
significantly reduced. The hypothesis is based on all of those lead

times of 12 months and less being regarded as insignificant,

6.5. Micro Analysis

6.5.1. Introduction. The introduction of System 3 involved all of

the DSCS staff in a considerable amount of extra work. At the same
time a new ADP system was being introducted by ﬁLSA which additionally
created a further workload. The request for two random samples from
the completeAinventory from an individual carrying out a private study
although accepted was allocated a low priority. After a 6 month wait
it was decided that an alternative approach to gather the required
data would have to be found. Random samples for the Stocktaking and
Reconciliation (S&R) cells at both Bicester and Donnington were still
being produced. The Inventory S&R is carried out by a 2 year per-
petual cyclic stocktake with random samples being produced annually

These samples were far in excess of the quantity that could be handled
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by the study. A complete production run for a stocktake already
generated by the computer was subjected to a second random sample. A
sample of 300 NSNs was taken fromthe Donnington Inventory and a
samplé of 100 fromthe Bicester Inventory. Each sample was taken using
the DMC‘categdrisation such that from each DMC "1 in n'" NSN were
gelected where n is the ratio of the number of NSNs in the DMC to the
number of parts to be selected. A subsequent selection of NSNs was
made to increase the number of NSNs in certain DMC to reflect the
through put pattern deduced from Figure 6-1. A random samﬁle of 527
NSNs was therefore taken from the two Depots S&R files. Ad hoc PRF
were then requested manually from the main computer and the relevant
data was loaded onto a micro. In all36,080 items of data were loaded.
At this point in time the DSM(A) OR cell indicated that they had a
random sample of 100 which was being used to test the efficiency of
s?stem 3. This sample was obtained, Ad hoc PRF's requested and this
sample was also loaded onto the micro. To maintain flexibility both
DBASE and Supercalc databases were set up. All that data shown at
para 6.21 was loaded for each sample. The samples S1, S2 and SBlwere
tested individually and as a combined sample (S1 + S2 + S3). The

sémples represented:

S1  Bicester Holdings
S2 Donnington Holdings
S3 Or all inventory sample

S1 + §2 + 83 Combined sample.



6-17

Statistical tests were carried out on the samples to ascertain their
relationship to the (Macro) population. Whilst the individual samples
were representative of their respective population when compared with
the MI& data it was clear that the inventory population held at

Bicester was not the same as that held at Donnington. S3 and the com-
bined sample gavé a true represeﬁtatibn of the merged MIR data with
regard to LT, Demand, WR, Price and Stock Levels. These disparate
results were not unexpected as thé inventories held at the 2 locations

have widely differing product profiles.

BICESTER - DONNINGTON

Low Tech High Tech

Bulky Small

Unique parts Spare parts

Slow/Medium Volume Throughput Slow/High Volume Throughput
Small Inventory (60,000) Large Inventory (660,000)
Durable Fragile with MTBF |

Low Cost High Cost

This disparity further supported the hypothesis that it was not a
homogeneous inventory. For analysis purposes and hypothesis testing,

it was therefore decided to retain all four samples.
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CHAPTER 7. HYPOTHESIS TESTING

7.1 Classification. The research to the thesis, especially that with

commércial organisations and the Bundeswehr, has indicated that the
present tried and tested methods of controlling inventory have pre-
vented 1its subdivision. The hypothesis advocates that there is,
within 1afge inventories, no such thing as 'an inventory' but rather
that there are many sub inventories. These suffer from differing
constraints and are therefore impossible to control economically using
present methods. The control of inventory in all of the companies who
took part concentrated on the proper and corréct-identification of the
item by using a part number. This part number was seldom used for any
other purpose but represented a unique number under which daté could
be retrieved, added to or manipulated. The number represented there-
fore an identification tag. It has been argued in Chapter 5 that‘this
is insufficient and that a greater degree of classification, allied
perhaps to the part number, would enable better control and cost para-
meters to be set. Classification is not easy, if it were it would
already have been achieved and marketed. In its simplest form and
crudest the ABC aﬁalysis represents ‘the present threshold reached.
For an inventoryidf a few thousand item heading thié is sufficient,

for large inventories it tends to be impractical and time consuming.

The main arguments against classification are based on who is

knowledgeable enough to make the initial classification. Yet data of

'
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various technical aspects of each part is normally held already on
file. It is perhaps possible therefore that the initial classifica-
tion should be made on initial stocking or for the current inventory
automatically, therefore allowingr all to blame the machine. The
classification process outlined in this Chapter has been based on that
of the RAOC. Not because theirs was the easiest to do but because

data and advice on item headings was only a phone call away.

7.2. Initial Classification. The most serious problem, identified

in Chapters 4 and 5 is the difference between significant and insigni-
ficant spares related to an‘operationallpriority situation; It was
decidedrthat as an initial.step broad categories as opposed to indivi-
dual item headings should be éonsidered. The most obvious approach was
the Domestic Management Code where, theoretically, like items are
grouped. This however proved to be a false approach as the grouping
is related to the economic factors and the workload capacity of a pro-
vision cell within DSM(A). Thekonly alternative was to go back one

stage to the NATO stock number. Composed of 13 digits this number

allows the following information to be deduced:

00 - 00 - 00 - 000 - 0000
Country of Unique item
origin identifier
Group Class division

within Group

FSC Breakdown

Figure 7-1



From the first four digits the following type of information is

available:

‘5910 Capacitors

Includes: Interference filter Capacitors; Capacitor
mounting hardward.

Excludes: Semi conductor Devices and Associated
hardware.
As an alternative approach therefore an additional database was set up
which allocated a significant/non significant element purely on the
group class division FSC code. Some of the decisions were fairly
simple. For example all weapon, A vehicle or combat communication
spares and assemblies were classed as significant on the basis that
they were military only items. Such things as nuts, bolts, timber
steel pipes etc were classed as insignificant. Within Both classifi-
cations there will probably be items which are incorrectly classified
and part of the testing process was to identify whether this was

important. Using the hypothesis the following steps were carried out:
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RAW SAMPLE

!

§———1 WAR SIGNIFICANT 1 N
INSIGNIFICANT STATUS

D I ' I
YES -| INDEPENDENT|{ - NO INDEPENDANT/ DEPENDENT
DEMAND STATUS
SIGNIFICANT LEAD TIME SIGNIFICANT
YES NO YES NO YES NO YES

'\ REPAIR TIME

NO -
\' \ A
N S N

\
S NS N SN S N N S N S

w

Basic Classification Model
Figure 7.2
Whilst the hypothesis argues that it is unnecessafy to classify
insignificant item headings it was necessary to validate this
reasoning and therefore all tests were carried out on significant and
non significant items headings. Independant (I), Dependant (D),
Repair Time Significant (S) and repair time insignificant (N) were
also drawn from the FSC grouping. Lead time'significant (S) and lead
time insignificant were drawn from the LTC and significant (S), in
’this test, was taken as any LT in excess of 12 months. This test was
accomplished by setting up within DBASE an FSCLOOK file which com-
pared the first four digits of each NSN and then allocated codes. An
additional programme checked the LTC and allocated the lead time

significance code. The resulting file structure is shown below:
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STRUCTURE FOR FILE: A:TEST .DBF
NUMBER OF RECORDS: 00097

DATE OF LAST UPDATE: 10/09/87
PRIMARY USE DATABASE

FLD = NAME TYPE WIDTH DEC
001 NSN C 016
002 DMC c 009
003 ITEM C 009
004 CLASS c 002
005 FSC c 004
006 ABC c 002
007 NS C 001
008 1D c 001
009 LT c 001
010 RT C 001
011 WMR c 001
012 P1 N 007
013 P2 N 007
014 P3 N 007
015 P4 N 007
016 P5 N 007
017 P6 N 007
018 P7 N 007
019 P8 N 007
020 P9 N 007
021 P10 N 007
022 P11 N 007
023 Var N 007
024 CONTR c 001
025 WRS N 007

, 026 FOD N 008
027 LTM N 003
028 LTC N 003
029 PRICE N 009 003
030 STOCK N 007
031 USAGE N 008
032 COST N 014
*%  TOTAL ** 00192

Each sample was then sorted on NS, ID, LT and RT. This sorting of

the base smaples was an attempt to identify patterns within the
inventory to ascertain as to whether naturally homogeneous groups
could be found. The results are shown in paragraphs 7.2.1.1 to

7.2.1.4.
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7.2.1 Tests for Homogeneity.

The consolidated final results are graphically displayed with each

sample.

7.2.1.1. Sample 1. The primary Depot 1 sample represented by the
two figqures below had a predominant quanity of Non significant stock

with only 35% of stock regarded as significant. The three majority

groups highlighted in the test results are:

a. NINN 42%.

SAMPLE 1

b. NDNS 15% 40 -

c. SDNS 19%

20
10
. o«
o L} ) T ) 1] R L] ] 1 1
HDMN  NDNS NDSN NDSS NINN  NISN  SDNS SDSS SR  SISH  SDUM
Rigure 7-3
SAMPLE 1
ﬂﬂnmm
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; =R
P T —
e e L sos
N ] 0 stse
\ —(5%)
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\ ‘]‘\7\_“:\ D
D i Y 213
— - —(B%)
(3% = P [[ﬂ stam

—1e%)
Figure 7-4



7.2.1.2. Sample 2. This primary Depot 1 sample having been drawn
from that element of the inventory regarded as technical and composed
of those spares most needed in war was expected to produce a majority
of significant stock. The results were not quite as expected and gave

the first indication that supposition and fact were not in harmony.

Again there were majority groups:

a. SDNS 31%.

‘0 SAMPLE 2
be SDSS 17%.
c. NDNS  35Z. 301
de. NISN 77%.
20 4
104
o T T ¥ Ll L4 L) T T T
MDIR NDNS  NDSH NDSS  NINN  NISN  SDNS SOSS S SISH ;nh
Figure 7-5
SAMPLE 2
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7.1.3.

Sample 3.

7-8

This sample having been drawn from across the total

inventory in both depots reflected the weighting of both Sample 1 and

Sample 2 and produced 6 groups:

NINN

NISN

NDNS

SDSS

SDNS

SINN

35%.
14%.
11z. . SAMPLE 3
15%.
970.
20
8%.
20
R
‘\\ //" S
* N,/
i 1 g '.‘. ~ .
\ *
\
\'.
\“.‘. “'
I l N
. L] L} T ] 1] B T T ) v
IO WDIS  NDSH HDSS HWINN WIS SDRS  SDSS  SmIM SISH - STt
Figure 7-7

SAMPLE 3

{7~

\ S 4?_¢1, Ejsmu
“ i )
| 4}

1y = i

Figure 7-8



7.2.1.4. Combined Sample. The test results have been aggregated to

show the split by classification within the inventory. It should be

noted that the SINN group reflected only 3%. The main groups were:

a. NINN 26Z.
. b. SDNS 20%.
Ce NDNS 21%Z.

¢. 'BD88 13 CLASZIFICATION ORI

. COMBIMED
e. NISN 8%, &1
5{'..
o
*\
\\:‘
\
20 Y
\’;
A:;"'~,
—_
=t
0N

v T L) L) Ll ] 1 1 L T 1
1Ot HDIIS  HDSH  HDSS MM MISH SDHS SDES S SIS S

Figure 7-9
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7.2.1.5. Conclusions. If a simple homogeneous group existed the

hypothesis would be false whereas if two or three groups were homoge-
neous the hypoﬁhesis may be correct. An examination of the results

clearly.shows that not only was there no clear homogeneity’ within
individual samples but even when combined there was mno improvement.
Cluster groups of homogeﬁeous items only appeared when the combined
sample was sorted again on usage. It was then fairly evident that an
ABC pattern appeared within each homogeneous group. Not only were
there several inventories contained within the single inventory but
each individual inventory at this first experiment would appear to
conform to a Pareto type analysis. Each group contains its fast, slow
and erratic usage/moviug items but each group is dependent on a dif-
ferent set of constraints and variables. The previous research
carried out by statisticians on the RAOC inventory would automatically
have failed as although fast, medium and slow moving items have had
different systems tried upon fhem there has never been any attempt to
fdentify the sub groups within these by their dependence/

applicability.

In order to try and produce a simpler method of sorting into homoge-
neous groups alternative sort methods were attempted.. The samples
were sorted using the primal variables of FQD minus Mean, Price, Usage
Patterns, stock cover, EOQ, FQD and co-efficient of variation. None

of these produced a usable sort and even when a selection of these
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.

were used as a sort sequence no meaningful sort was produced. It was

therefore decided to discontinue the search for a simpler alternative

and continue with the classification sort based on FSC.

7.3. “Development of Model. Having added what were believed to be

the significant variables to the data, such that each item could be
manipulated by a complex model the first model was developed and was
based on a cascade concept in that individual items or groups would
drop out as each major variable was reached. This is diagrammatically
represented at Figure 7-11. The objective of the model was two fold
in that it should produce those groupings identified in the hypothesis
whilst remaining as simple as possible, both to understand and imple-
ment. Complex equations and calculations have as far as possible been
avoided. It was clearly argued in Chapter &4 that complexity goes not
necessarily lead to efficiehcy. The goal was, and remains, an increase
in efficienqy. This first model paid no attention to priority of
variables as these were changed during simulation to identify the

variable priority impact.

Sample 1 Simulation 1. The first sample contained 97 item headings

drawn from the low tech element of the inventory stored in Primary
Depot 1. At the first pass 34 items were identified as significant
List 1. At the second pass 1l items were removed as they had a zero

usage pattern over 3 years. On the third pass those items with only 1
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issue in 3 years (Total 4) left a sample balance of 19. Assuming a Co variable
of £40, removed 1 further element leaviﬁg a balance of 18. A co-efficient of
variation not exceeding 1 was regarded as bein§ forecastable using EOQ and
exponential smoothing and 11 items fell into this category. Of the 7 remaining
all fell into the A or B category of the ABC analysis, 5 were dependent based

and 2 were independent. The results are shown below:

Extrapolation Sample 1

Results Sample Balance Population Equivalent
Total 97 97 58,200 -
Insignificant 63 ‘ 37,800
Significant 33 33 19,800
Zero Usage 10 23 . 6,000
Issues > 1 4 19 2,400
Cost > £40 1 18 600
Stable 8 10 6,000
Unstable 10 0
Subgroups 4

SDNS = 4 SISN = 4 SDSS =1 SINS = 1
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Sample 2 Simulation. The second sample contained 98 item headings drawn from the

high tech element of the inventory stored in Primary Depot 2. At the first pass
50 items were identified as significant. At the second pass 13 items wereyremo?ed
as thev had a zero usage pattern over 3 years. A usage pattern of < 1 removed
a further 4 items and a Co variable of £40 a further 5.The co-efficient variable
of 1 removed an additional 8 leaving a final balance of 20. These fell into 2

distinct groups and the results are shown below:

Extrapolation Sample 2

Results Sample Balance Population Equivalent
Total 98 98 666,400
Insignificant 48 355,200
Significant 50 50 370,000
Zero Usage 13 37 96,200
Issues > 1 4 33 | 29,600
Cost > £40 5 28 37,000
Stable 8 20 59,200
Unstable 20 0 148,000
Subgroups , 2

SDSS = 9 SDNS = 11
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Sample 3 Simulation. The third sample'contained 100 item headings drawn from the
complete inventory. At the first pass 32 items were found to be significant. The
second pass of the model removed 13 and the third pass a further 3. Only 1 item
was removed with a Co of £40 but 14 were found to be forecastable using EOQ and

exponential smoothing leaving a sample balance of 1. The results are shown below:

Extrapolation Sample 3

Results Sample Balance Population Equivalent
Total 100 100 740,000
Insignificant 68 503,200
Significant 32 32 ’ 236,800
Zero Usage 13 19 | 96,200
Issues > 1 3 16 | 22,200
Cost > £40 1 15 7,400
Stable 14 1 103,600
Unstable 1 0 7,400
Subgroups 1

SDNS =1
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7.3.1. Extension of Model. The results of the model validated the

hypothesis that individual homogeneous groups existed within inven-
tory. Whilst this academic research appeared to justify the
increased control value of a classification process it was decided
that this was insufficient. A further study was therefore carried out
into a single family of equipments for which spares are held. The
armoured vehicle spares range numbering some 100,000 automotive
spares was chosen as this range of spares contained both high and low
tech spares. The fesearch entailed some 6 weeks of data collection

and analysis. The methodology was:
a. Review of present system.
b. Effects of alternative classification:

The areas which were monitored to assess the implications of

‘reclassifying were:

(1)‘ Ef ficiency-

(2) Control.

(3) Resource input.

(4) Service Level.

(5) Capital input.

(6) Inter relation of Players.

(7) Expectation of Customers

(8) . Stock levels.
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Instead of purely simulating the impact on inventory the complete
distribution flow was dissected and data cbllected at each point. The
breakdown of the flow indicated the reliance on each element of the
flow of the passage of detaiied information. Failure to communicate
this information invariably resulted in stockout or resource overload.
The analysis revealed that the‘present system fails to recognise that
each part of the flow, bar one is a customer and a supplier. This
failing in the compounding of errors resulting in a total control
failure. The system is displayed below:

Eqpt/Soldier—€——Unit Repair Scale & 1st Line Repair

(Customer (Supplier - Customer) R |
l i
f (Supplier) (Supplier) !
i Tertiary Depot 2nd Line Repair |
| (Customer) (Customer) i
} ]
| | )
A (Supplier) (Supplier) B
. Secondary Depot Third Line Repair |
| (Customer) (Customer) \
| i l
Supplier) |
ot Primary Depot I

’ (Customer) ]
] |
D C
) [
I (Supplier)
‘ Prime Contractor |
: (Customer)
! |
i - \ < -

[ N l
i Supplier Supplier Supplier |
Raw Material Sub Contractor Component Contractor
Contractor

Supplier/Contractor/Supplier Interaction

Figure 7-12
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Analysis of the demand patterns and requisitions (demands on the Prime

contractor) showed that under the present system all demands were

treated as random but that:

a. . A and D represented mainly random demands (independent).
b. B and C represented mainly predictable demands (dependent
but with a significant proportion of random (dependent) and a
quantity of demands of both ‘random and predictable (independent

and dependent).

On first analysis this represented a simple control problem and an
increase in service level would have been achieved by introducing an
MRP system for the B and C flow. Further analysis showed however that
offtake could move from random to predictable based on changes in
repair and usage policy (including modification) by the customers in A
and B. This migration of parts from random to predictable and vice-
versa cannot be adequately catered for with either an ROL or MRP
system. Although a significant improvement in Service level would be
achieved by changing Supply Policy and introducing & duai system (MRP
and ROL) the migration of item headings would degrade the efficiency

of both Systems and Policy. The major penalties would be:

a. Excessive stock levels.

b. Expensive communication systems.

c.  Increasingly incorrect control methods.
d. Increased management intervention.

e. Increased manual intervention.
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The ability to achieve a near optimum level of efficiency lies not
only in the ability to classify inventory (which will provide
increased efficiency until migration occurs) but to be able to
reclassify inventory once the primal variables change. In order to
cater for the classification and subsequent reclassification of inven-
_tory into the subsets, described in Chapter 5, it is necessary to have
each item electronically tagged. This tagging prbcess will relate to
the identified variables within a given inventory which constrain the
ability to nmintéin the laid down customer service. For any given
inventory therefore the definition of servicg for each customer group
must be agreed by thevtop level management. The other areas which

must be simultaneously addressed are:

a. The degree of commitment.

b. Internal Policy.

c. Reliance, Service and Information needs of Suppliers.

(Suppliers throughout the system).
Once these areas are defined the necessary product variables can be
defined and ranged. The ranging of variables is important in that it
allows automatic, computer, fine tuning of the inventory sub sets when

policy, support or sub contractor performance varies.

The research into A vehicle spares found that without an electronic

tag and therefore the ability to create subsets of inventory the

following symptoms had occurred:
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a. Total system overload.

b. Total reversion to manual control.
c. . iotal forecasting failure.

d. A breakdown of communications.
e. Stock of unwanted spares.

f. Stock out of vital spares.

g. Increased lead times.

h. Total management failure.

i. Incorrect policy décisions.

3 Crisis fire fighting.

k. Increased costs:

(1) Downtime of equipment.

(2) Data processing.

(3)  Storage.

(4) Distribution (transportation).
(5) Repair.

(6) Overheads (communication, manpower etc).

The following graphs illustrate a cross section of the demand patternms
of 4 subsets of inventory which the present system treats as a single

homogeneous inventory.
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The classification of a sample of this inventory allowed the following

management control decisions to be made:

a. Allocation of Forecasting method.
b. Degree of management or automatic control.

c. Method of Procurement.

d. Information needs of system and supplier to be assessed.

e. Stocking policy.

f. Method of Distribution.
The following efficiency increases occurred:

a. Dependent/predictable - Service Level 100%.
b. Random - increase in efficiency of computer control

resulting in decrease of:

(1) Computer output.

(2) Management intervention.

(3) Instability.

(4) Crisis management.

(5) Negative commuﬁication.
c. Management - reversion to management
d. Creditability of supply system (this increase
should ultimately lead to a reduction in stocks held by

'Just in case').

function.
in faith

customers

During this research many examples of control system failures from
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military and civilian control systems were found. A selection of

these are:

a. A reduction in price to clear end of line stock was
reflected as a large offtake on the computer system. The
purchasing staff rebought the item based on that months sales

figures.

b. The acceptance of a small order for a component generated a

purchase of 1 ton of raw material when a cwt would have sufficed.

c. A buy quantity of 2,000 requiring a delivery date in 14
months was placed. The delivery date was passed through to the
forward customer who planned his usage. The actual contractor

production rate was 50 per month.
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7.4. Double ABC Analysis. Management time is increasing in importance

as a variable within the inventory control formula. The goal of most
organisations is to increase those items that can be computer
controlled whilst decreasing the management required to manipulate
those that fall outside the application of computer programs. The US
Army have placed sufficient importance to this area that some of
their classifications are centred around it (see Chapter 4 Paragraph
10). It was argued in Chapter 5 that an alternative approach for
large inventories would be to carry out a double ABC analysis

resulting in nine as opposed to three categories. This was the first

Test. In order to assess the possibly increased relevance of such an
action after classification the inventory classification process was
carried out after the double ABC analysis and this was the second

Test,

7.4.1. ABC Analysis prior to Classification. The combined sample of

292 items was initially analysed  into four groupsﬁ
A. - greater thaﬁ £1000 throughput in 3 years.
B. - greater than £100 but less than £1000 throughput in 3 years.
C. - greater then £0 but less than £100 throughput in 3 years.
D. - no issues in 3 years.
This initial ABC gave management groﬁps of:
A, - 27% of sample 99.2% of cost.
B. = 21% of sample .7% of cost.
C. = 21.2% of sample .1% of cost.

D. 29.7% of sample 0% of cost.
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For small inventories this breakdown would give an acceptable manage-
mént approach to control. For much larger inventories the degree of
management effort would still be considerable and would involve over a
4+ of the inventory, in this case approximately 160,000 item headings.
" Each management group was then subject to a second ABC analysis such

that

A AR
AL

The results were as follows.

AA - 3% of sample represented 737 of Total Cost.

AB - 7.8% of sample represented 20.8% of Total Cost.

AC - 16% of sample represented 5.6% of Total Cost.

This second ABC reduces the managerial effort fo cater for 73% of the

inventory budget to just 19,726 or for 93.8% to 70,136.

The complete breakdown of analysis as far as CC is shown at Figure
7.17. Supporting data breakdown with further data is at Annex A to

D. The results are graphically shown in Figure 7.18.

7.4.1. ABC Analysis combined with Classification. In a financially

constrained environment expenditure on stock must be balanced against
the policy'of need. The double ABC analysis reduces the inventory
into more manageable segments but does not ensure the correct utilisa-

tion of finance. By using the Non Significant/Significant indicator
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the inventory was further subdivided into 18 management groups. These
groups are shown at Figure 7.19. The most useful and practical use of
this ‘final set is that the necessary managerial input to control the
budget more accurately is reduced by almost 50% and in this instance
full committal for those significant items repreéents 317 of the total
budget. This further analysis afterdeuble ABC analysis therefore
allows the manager to pose 'what if' questions against 18 separaté
subsets of the inventory. This allows him a greater degree of fine
tuning when faced with the dilemma of salaami slicing his budget. It
also allows for continualvfine tuning as the year progresses to allow
for unseen commitments. Using the full classifiction would enable
even greater manipulation. When faced with a short period into which
he must purchase the matrix could be configured using the repair
dependent and LT indicator to eliminate those items on which no expen-
diture could be made. In the commercial field of course the non-
significant significanf grading could reiate to percentage profit per
sale. This and many other options would allow detailed analysis to be
carried out quickly and simply thus allowing the manager to make deci-
sions based on current factual information as opposed to out of date

hard copy data.
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CLASS TOTAL z % CLASS - z %
CLASS POPN CLASS THROUGHPUT POPN CLASS

————————— - —— . - G S . - - ——— " > T = W S - G - - - - - - -

SAA 4.00 1.37 12.50 762707.00 21.35 68.34

SAB - 9.00 3.08 28.13 266515.00 7.46 23.88
SAC 19.00 6.51 59.38 86851.00 2.43 7.78

NAA 5.00 1.71 10.64 1837286.00 51.42 75.61
NAB 14.00 4.79 29.79 479620.00 13.42 19.74
NAC 28.00 9.59 59.57 113008.00 3.16 4.65

SBA 9.00 3.08 39.13 6719.00 .19 71.21
SBB 11.00 3.77 47.83 2355.00 .07 24,96
SBC 3.00 1.03 13.04 362.00 .01 3.84
NBA - 23.00 7.88 56.10 12691.00 .36 81.35
NEB 8.00 2.74 19.51 1679.00 05 - 10.76
NBC 10.00 3.42 24.39 -1231.00 .03 7.89

SCA 11.00 3.77 45.83 708.00 .02 80.64
SCB 7.00 2.40 29.17 141.00 .00 16.06
Sce 6.00 2.05 25.00 29.00 .00 3.30

NCA 12.00 4.11 31.58 761.00 .02 75.27
NCB 13.00 4,45 . 34.21 198.00 .01 19.58
NCC 13.00 4.45 34.21 52.00 .00 5.14

Double ABC after classification producing 18 Management Groups

Figure 7-19
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7.5.vManipulation of Output. Classification, as has already been

demonstrated enables the inventory manager using models and pre-set
filters toiassemble the inventory into more homogeneous or responsive
groups. These suﬁsets of inventory represent the fulcrum between
simple forecasting and the ability to employ expert systems. Whilst
the move from a one inventory concept to a multitude of classified
subsets represents a major improvement in the control of inventory it
is only the beginning of the manipulative process which produces a
final step towards the optimisation of stock holdings. The subset
having been derived from a static model, bearing in mind that the
relationship of each part to a subset is circumscribed by historical.
‘dynamic data, must now by means of a heuristic procedural model be
matched against the most efficient manégement control/forecasting
system, The static model can complete some of these actions. An item
for example with no usage at all, and no predicted usage, belongs to a
subset which responds equally well to any forecasting system. (Its
relevant stock in this instance is dictated by its classification not
by its historic dynamic data). Some subsets can be treated by the
static model only, most however will respond more economically after a
heuristic procedure had been followed. After a subset has been tagged
by the heuristic procedure and a mahagement control/forecaéting method
allocated it need only change when the management objectives ceése to
be met or migration between sub sets can be identified. When this
situation occurs the complete subset will need to be re-evaluated to

determine the cause of the error.



The following areas are discussed/anlaysed in the relation to the use

of the model:

7.5.1. The application of MRP.
7.5.2. EOQ/ROL/ROQ.
7.5.3. Service Level.

7.5.4. Forecasting Options.

7.5.1. Application of MRP. The use of MRP is normally advocated in a

manufacturing operation. Those who have attempted to‘use it within
inventory control for service parts have had mixed siiccess.

Subsets of inventory will be held to support discrete equipments or
are occasionally so dependent upon each other within a subset as to
represent a Bill of Materials. Classification will group these items
-into the same subset, thus making the use of MRP systems possible.
Whilst a heuristic procedure may identify that the optimal forecasting
system will be MRP it is probable that a more accurate trigger can be
provided by management. The 'manufacturing' offtake within a subset
will often appear as a totally random demand pattern. If sufficient
'manufacturing' is taking place then offtake may represent a stable
pattern. This stable pattern can be dealt with equally by MRP or
Simple Exponential Smoothing (SES). It is only when the ‘manufac-
turing' offtake is irregular that SES is unable to cope. Small lots
or limited seasonal production runs cannot be catered for with SES and

produce out of control demand offtake. These control situations were



analysed in Chapter 6. The more logical method of demonstrating the
accuracy of the hypothesis would be to take a DMC from Figure 6-1 with
a biased ‘engineering commitment. Company B are already doing this
with regard to the use of MRP as an alternative to SES forecasting.
The same process using the REME databaee, ARROW, could be followed for
those engineering based subsets. The hypothesis however suggests that
certain types of store, those that are dependent, would also be more
economically and accurately controlled using MRP. From those DMC's in
Figure 6.1 A4 met the criteria of irregular and unpredictable offtake.
The range of stores were out of control using SES an& could only meet
the management availability constraints by the committal of capital on
unnecessary reserves and safety stock. This DMC belongs to the more
mundane side of the inventory referred to as General Stores. The
range covers‘cordage, shackles, chains, paint, clothing etc. A most
unlikely area in which a hi-tech system such as MRP would normally be
employed. The A4 DMC covers spares and minor equipment to deliver men
and materials for an airborne assault. The spares and equipment are
non-complex low teeh, require little engineering support but contain
consumable/expendable, repairable and lifed parts. Each configuration
in which the spares and equipment are used is governed by a Complete
Equipment Schedule and Technical Drawings. This 'user handbook 'de-
~ tails what is required and how it is used in order that an equipment,
weapon bundle or resupply container can be dropped from an aircraft.
These documents were used as the bills of Material from which the
forecast was drawn. The user of these equipment (Unit Y) with a

strength in
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excess of 8,000 was then asked to produce his operation (war) require-
ment Snd annuai training requirements. The constraining factor on the
training usage was the availability of aircraft and from the availabi-
lity of aircraft the expected producﬁion rate for the coming year was
calculated. In order that a comparison cﬁuld be made the complete
section (RA4) Provision Review Forms using EOQ/ROL and exponential
smoothing on historic demand was output and loaded onto a micro. This
sample numbered 554 item headings. Those items not included in

A4 but essehtial to the configuration laid down were also added and

this increased the sample to 844.

Even within this relatively small element of the inventory there were
two clear discrete sub elements, These were the platforms with their
component spares apd the item headings used to retain equipments onto
the platforms whilst air dropping. Both sub inventories attracted
both a war scaling at an agreed fixed level and a random usége pat-
tern. All of the part numbers were available for issue to any
customer regardless of their role. After identification of the item
headings ffom the BOM it was therefore possible to annotate discrete
part numbers as only being required by 3 designated units who would
therefore become the only entitled customers thus removing a hidden

element of misuse and abuse of costly 'expense' items,

A sample of the printouts from the BOM and present FQD system are at
Annexes A and B.

A comparison of cost savings is summarised below.

Range of Spares EOQ costs MRP Costs Savings

Air Drop 3,110,867 727,910 2,382,957
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These figures whilst indicative of a worthwhile saving must be taken
into perspective. Firstly they dé not represent the total savings
that will be realised but relate purely to the above the line visible
costs resulting from the adoption of MRP. The system change will
decrease the capital employed, improve the estimates process ﬁnd the
allocation of the budget. Regarding stockholding there should be few
if any surplus and a mimimum, if any, of stock outs, parts will not
linger on shelves once obsolete as they will be readily identifiable
from the BOM. Stockholding will become more exact and obsolescence
can be phased over a set period. The manpower committed to control
this range might decrease but these costs will be offset by the
purchase of hardware and software and the training required to imple-
ment the system. A policy review and subsequent changes would be

required and these in-part would contribute to the overall saving.

It is essential to note thaf for item headings subject to both depen-
dent and independent demand then two forecasting methods/systems will
be required. In most cases the dependent demand will be forecast
using an MRP system. The independent demand forecasting system will

relate to the randomness of the demand offtake.



7.5.2. Effect on ROL/ROQ.

7.5.2.1. Present Situation. . The application of ROL and ROQ (EOQ)

within the RAOC is explained in Chapter 2. The application is stan-
dard across all inventory items with the computer program facility to
vary the factors(%%%) by individual DSM(A) Divisions. This facility
is however, in practise, seldom used. The érogram is applied
regardless of the product profile. It should be noted that the inven-
tory contains some 307 non-moving parts and a standard ABC analysis
gave a balance of 27, 22 and 21 percent for each group. The standard
approach of applying ROL/ROQ manipulation by ABC groups would involve

3 samples of approximately 200,000 items. Clearly this is unaccep-

table but this approach will be considered and simulated.

As with the forecasting models the present ROL/ROQ calculations are
applied blanket fashion. When the results are unfavourable, manage-
ment intervention increases. This form of application coupled with

decreasing cash limits has produced:

a. Unnecessary investment in stock.

b. Increasing stock out situations.

c. Increased levels of 'Safety Stock' (This safety stock may be
hidden as LT stock or Free Stock).

d.  Failure to ensure correct Trade Offs.

e. Increases in orders.

f. Increase in overheads (stock costs, hold, S&R, obsolence).

g. Crisis Management.
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7.5.2.2, Method of Analysis. The data available was presented to

a simulation model in 3 different formats.
1. Raw data in an unclassified format.
2. Sorted by an ABC analysis.
3. Sorted by a double ABC anlaysis.
4, In classification format after being processed by the
hypothesis model.
The Results were then analysed to seevwhether:
a. ROL/ROQ can be matched to groups.
b. Stock reductions can be achieved.
c. 'Safety stocks' can be eliminated and at what risk.
d. Whether there is an effect on ordering policy.

7.5.2.3. Formula Used.

7.5.2.3a. ROQ/EOQ. The stock control function aims to minimise the
cost of stock held whilst obtaining the maximum desired availability.
The subject has been continually researched since its conception but
is still represenﬁed as a trade off between Inventory cost rela-

tionships which are displayed as shown in Fig 7.20.
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The following standard formula was used:

ROQ = 2 x Co xR
ChxP?P
where Co = Cost to Order
Ch = Cost to hold
R = Annual Usage

P = Unit Price

Throughout the literature search whenever EOQ was referred to R was
defined as the actual or average usage but never as the forecast
usage. This presupposes that future usage will be identical to past
usage or as most systems stated 'usage would remain within the stan-
dard poisson distribution curve. The formula is totally inadequate
- when dealing with slow moving (less than 10 demands per annum) or
irregular random demands, which whilst clearly recognised.does not

prevent inventory managers from continuing to use the formula!

7.5.2.3b. ROL. The ROL formula has a single purpose. It is to decide

that moment in time at which when an order ié placed there will be
sufficient stock remaining to meet the desired service level before
the next receipt of stock is available for issue. It is however the
most subjective decision made within inventory control. It is the
vortéx at which the forecaster, provisioner, management, procurer and
supplier in turn contribute to the failure or success of an inventory

to meet its objectives. JIT and MRP are both based on accurately pre-
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dicting it and then by trade off reducing it. The ROL formula varies
in complexity from company to'company. In one of its simplest formats

it is represented as:

ROL = (MTILT x r) + R MTLT
where MTLT = Mean Total Lead Time
T = Mean demand -
= gtandard deviation of the demand.
k = The value reﬁresenting the probability percentile
(set by management) which will not be exceeded by

the demand rate.

7.5.2.4. Data Base. That data already downloaded from the CICP system

onto microcomputers was readily available. It constituted all that
data accessible to the main frame whilst carrying out similar calcula-
tions. The daily issue and receipt activity is not held but repre-
sented by aggregated figures. In order to carry out simulation it was
necessary to rebuild some of ;his data intovits correct sequence.
Some data which was required is not held and this was derived frqm

calculations built into the simulation model. (These are marked *)

.receipts per quarter for 22 quarters*
.average past issues
.min stock

.max stock
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.standard deviation of demand*
.co-efficient of variation*
sAverage Demand

«Number of Demands placed

7.5.2.5. Simulation Model. The computer program initially written was

designed to simulate the present system. This was tested against item
headings for which 66 months of data were available. Once the program
was simulating those offtakes laid down in system paper 29 the

following sub-routines were added:

1. Co-efficient of Variation.
2. Standard Deviation of Demand.
3. ROL recalculation sub-routine.

4, ROQ recalculation sub-routine.

The model was built to carry out a double print sequence for each item
heading., The first produced a print of the present control system.
The second produced a print using different ROQ and ROL formulae.

A program listing of the model is at Annex C.

7.5.2.6. Raw Data. The raw data experiment was time consuming, con-
fusing and mainly negative. As soon as the sub routines were amended
to improve the performance of one item heading (or a group). This
would destroy the stability of the remaining item headings. After

numerous attempts including bracketing using abnormal values no bene-



fits were obtained. The experiment revealed 2 significant problems

with using the ROQ/ROL system for all inventory. The first example to

confuse the model was the depth of stock. To quote one example only
with a Quarterly demand of 1.55 and a stock level of 210 representing

30 years worth of stock. The results are shown below.
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Figure 7.21
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The second example which the model could not cope with was excessive

lead time.

A lead time of 58 months, which is not atypical destroyed

the simulation and the ROL/ROQ formulae. The results are shown below:
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7.5.2.7. Recommendations and Conclusions.

a. The ROL/ROQ formula should not be used in a blanket fashion.
b. Considerable improvements in stock availability and reduc-
tioﬁs in stock costs can be achieved if the formula are applied
in a logical manner.

c. ‘The formula perform best vhenrused in homogeneous grouped
classified item headings.

d. The formulae are not robust and are incapable of handling.

1. Slow moving items (less than 7 demands per annum).

2, Irregular random demands.

3. Item headings with stock in excess of 3 years demand.
4, Item headings with lead times in excess of 12 months.
5. Item headings exﬁeriencing dependent and independent
demand.

7.5.3. Service Llevel. As with other elements of System 3 and also

the majority of the research companies Service Level was laid down as
an arbitary figure, more as a management goal than a realistic figure.
There was however a serious dichotomy between the commercial and the
military interpretation of service level, not.with the definition, aﬁd
'is related directly to the customer. The difference between captive
and free customers is covered extensively in Chaper 4. Without
classification it is not possible to develop policy regarding dif-
fering levels of service. The set service level (goal) in system 3

for all items less those purchased from American sources (85%) is 95%.



With a high percentage of the inventory experiencing irregular random
demand, coupled with erratic lead times, the safety stock to prbvide
this degree of service is £46.5 Million. The elimination of some of
this safety stock is only possible if alternative service levels can
be substituted. This is not possible via an ABC categorisation and
can only be achieved by a direct classification route. The model was
therefore amended to autoﬁatically re-allocate a service level.
Whilst this will be a management policy decision which can be varied

the settings for the model were:

Significant lower <constraint 80% wupper constraint 100%
(Significant dependent does not incur a service

level setting as it is automatically set at 100%)

Insignificant lower constraint 407 upper constraint 607%
(Wherever an insignificant item heading is held
forward and greater than 3 months stock are held

and LT € 4 month Service Level = 0).
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Ble 1670991025219 CHAIN ASSY SL 5000LB T7PT 12 24 24 24 14 16 24 24 26 20 24 4 3 8
Bif 1670691025220 CHAIN ASSY SL 500008 12PT 6 4 4 & 2 2 402 B 16 4 14 4
Bl¢ 1870691626509 CHAIN ASSY SL 5000LB 15FT 0 4
it 1670863026535 CHAIN ASSY SI 10000LR 7PT
Rig 1670091026536 CHATIN ASSY SL 10000LB 12PT
P16 1670493026537 CHAIN ASSY SI 10000LR 15FT
Bif 1670991028971 COUPLING TENSICKER OR 5000LB 18 28 28 28 16 16 26 28 40 24 42 8 9 16
16 1670691031950 SKID DOOR L/H FRONT RE REAR 2 '
R1€ 1670951232762 SKID DOGR R/E PRONT LH REAR 2
Blo 16708410434%% STRAP EXTENSION OFT ' 1 1 1 111 S B |
8lo 1670991044583 ADAPTOR RISING (AFT LINKAGE) '
P16 1670991044564 CONNECTOR 40000LB 6 6 6 6 6 € 6 6 6 & 6 6 6 24 b -
Bif 1670491052130 COVER ACCESS AIRBAG RE REAR 1
B16 1670961052131 COVER ACCESS AIRBAG LH REAR 1
Bit 1670961057115 WIRE RCPE ASSY SL .O8INDIA 1 1 1 1 1 1 1 1 1 1 1 1 1 &1
B16 1670991057117 DROP BAR SKID DOOR 4
B16 1670051203405 ADAPTOR TRUCK CARGO 2
Blo 1670991203406 BAG CUSHIONING 1 11 1 1 4
Bi6 1670991203412 BOARD PACKING 1 11 11 2
Bl6 1670951204504 BEAX SROCKSTRUT 2 : 2
B16 1670921207994 TUBE SHOCKSTRUT 61N AR 18 6 6 2 14 20 6 2 16 4
B16 1670951208110 WRAPPING SLING 4 3 11
Bi6 16709812082£5 ROARD SUPPORTING HONEYCOMR K
Blo 1670491268246 BCARD SUPPORTING HONEYCOMB 4
Bio 1670621706447 BLOCK 4 4
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MC NSN . ITEN CLASSP) P2 P3 P4 P5 P6 PT P8 P P10 P11 P12 STOCK  PQD DTCPRICE
B10 1670991022338 HOOK 3574 450 39 231 235 54 347 303 220 56 354 308 2659 194,73 12 1.7192
B10 1670991022486 BASEBOARD 3 442 450 200 550 200 542 105 1195 271 332 479 250 2074 399.49 11 34,322
B10 1670991022596 PAD 3 0 3300300012770 0 1000 0 3000 3000 9000 3500 10147  3298.09 10 2.66
810 1670991022656 STRAP 3 0 0 0 0 28 0 0 0 80 0 17 20 1618 12.52 12 39.72
B10 1670991022657 STRAP 1 8 0 0 0 28 0 0 o0 0 © &6 0 404 &M 14,1
B10 1670991022658 STRAP 3w 7 8 2401 8 22 22 0 254 61 1390 14.31 12 20.30%
B10 1670991025219 CHAINASSY 3 59 386 29 39 1 270 301 20 31 O 115 36 2703 103.3 13 7.61
B10 1670991025220 CHAINASSY 3 119 107 48 93 40 99 258 90 1§ 2 117 26 117 81.86 9 10.98
B10 1670991026509 CHAINASSY 3 24 27 87 0 20 0 24 0 0 12 114 371 557 366 12 20,3104
B10 1670991026535 CHAINASSY 3 610 117 177 429 96 384 1455 157 316 267 545 412 204 333.06 6 8.78
B10 1670991026536 CHAINASSY 3 298 153 338 54 100 227 101345 73 0 338 150 144 174,36 13 12.8
BI0 1670991026537 CHAINASSY 3 365 255 313 249 131 281 1181 115 34 61 1659 225 2226 220.36 11 15.97
B10 1670951028971 COUPLING "2 122 406 161 117 325 326 528 13 38 19 266 89 2969 192.58 12 51.12
B10 1670991031950 SKIDDOOR 3 0 8 o0 4 3 61 0 0 12 0 20 0 814 13.83 30 283.62
B10 1670991032792 SKIDRGOR 3 &8 86 4 32 46 62 O 0 12 0 20 0 606 19.39 29 283.62
B10 1670991043473 STRAP I 0 0 0 0 0 0 28 14 10 57 &8 O 269 14.1 16 21.883
B10 1670961044563 ADAPTOR 3 o0 ¢ o0 0 .0 O 0 2 0 1 1 0 ¢ .04 12 391.51%
B10 1670991044584 COUPLING 3 14 105 45 40 200 24 212 137 32 100 50 70 2193 85.7 18 17.448
B10 1670991044584 COUPLING 3 14 105 45 40 200 24 212 137 32 100 50 70 2193 85.7 18 17.448
B10 1670991052130 COVER I 0 % ¢ o6 0 3 13 50 0 20 0 30 34 11.46 26 12.436
B10 1670991052131 COVER 30 % 0 0 ¢ 3 17 25 0 21 0 1 37 10.87 28 12.436
B10 1670991057115 ROPEASSY 3 0 O 78 55 130 40 30 20 40 100 ¢ 0 133 5,14 6 26.6
B10 1670951057117 DROPBAR 3 12 32 0 0 0 12 % 6 O 0 171 34 O 42.18 10 31.49
B10 1670991203405 ADAPTOR 3 & ¢ 0 0 0 0 O O O O 10 0 88 12 18 .638
B10 1670591203406 BAG 30 0 o0 0 O O 0 0 O O 0 0 87 3 16 69.216
B1G 1670991203412 BOARD I 00 0 60 ¢ 0 o0 0 0 0 0 0 19 8.15 5 1.689
B10 1670991204404 BEAM I 6 0 o0 0 O o0 0 O0 O 10 0 0 199 .93 6 2.807
Bi0 1670991207994 TUBE 30 100 154 0 0 292 130 0 100 O 200 O 7042 106.86 16 1.33
R1D 1670991208110 SLING 30 4 0 0 0 O 0 22 0 & 0 0 864 3.85 12 3.523
R10 1870691208245 BOARD 30 o0 0 0 ©o 0 o0 0 o0 o0 0 o0 2 1 8 3.%9¢
B10 1670991208246 BOARD i 6 0 0 06 o0 0 06 o0 0 & & 0 12 1.12 11 14.235



ANNEX C TO

10 ON ERROR GOTO 890 CHAPTER 7
20 PRINT "STOCK SIMULATOR WITH ROL/ROQ CALCULATION" E—
30 PRINT "~=-mm———m==—————— e e e — oo oo "

40 PRINT : PRINT

50 PRINT : INPUT "DATA FILE TO USE ";DF$

60 OPEN DF$ FOR INPUT AS f£1

70 LPRINT "DATA FILE USED ";DF$ : LPRINT >

80 DIM DEMAND(60),RECEIPT(60),ADJUST(60),STOCK(60)

90 DIM PRECEIPT(200)

100 IF EOF(1) THEN 910

110 INPUT £1,PNS,DESCS,FINSTOCK,PRICE,ROL,ROQ, LTIME

120 PASS= 0

130 PRINT" —--- PART NO. "sPNS;" -

140 FOR I=1 TO 22

150 INPUT £1,DEMAND(I)

160 NEXT I

170 IF LTIME=0 THEN PRINT "CANNOT SIMULATE NO L/T DATA ":GOTO 110
180 TOTD=0 : TOTR=0 : TOTA=0 : SX2=0 : AVTOT=0

190 FOR I=1 TO 22

200 IF DEMAND(I)<0 GOTO 220 v

210 AVTOT=AVTOT+DEMAND(I) : SX2=SX2+DEMAND (I)*DEMAND(T)

220 TOTD=TOTD+DEMAND(I)

230 NEXT I

240 PRINT "#*x*x*+  TOTAL DEMAND (22 QTRS)",TOTD

250 AVDEM=AVTOT/22 : SDDEM=SQR(SX2/22-AVDEM*AVDEM)

260 PRINT " #** ANNUAL DEMAND = ";AVDEM*4,"** PRICE = " :PRICE
270 PRINT “"AV.DEM./QTR";AVDEM

280 ROLC=0

290 COEFF = 0

300 ROQC=0

310 PRINT "S.D. OF DEM. = ";SDDEM

320 STOCK(0)=FINSTOCK :

330 MXST=0 : MNST=0 :Q00=0 :AVSTOCK=0

340 FOR I=1 TO 22

350 RECEIPT(I)=0:STOCK(I)=0

360 NEXT I

370 PRINT

380 FOR I=1 TO 22

390 STOCK(I)=STOCK(I-1)-DEMAND(I)+RECEIPT(I)
400 Q00=QO0-RECEIPT(I)

410 IF STOCK(I)>MXST THEN MXST=STOCK(I)

420 IF STOCK(I)<MNST THEN MNST=STOCK{(I)

430 IF STOCK({I)+QO0<¢=ROL THEN RECEIPT {I+LTIME)=RECEIPT (1+LTIME) +ROQ:Q00=Q00+ROQ
440 LPRINT I,DEMAND(I),RECEIPT(I),STOCK(I),QO00
450 AVSTOCK=STOCK (I)+AVSTOCK

460 NEXT I

470 MSTOCK=(AVSTOCK/22)

480 LPRINT:LPRINT:LPRINT

490 IF PASS=0 THEN LPRINT "ACTUAL STOCK LEVEL FOR PART NO. ":PNS:;" " ;DESCS
500 IF PASS=1 THEN LPRINT "SIMULATED STOCK LEVEL FOR PART NO. ";PN§:" ":;DESCS
510 LPRINT

5§20 LPRINT "R.O.L. ";ROL:" R.0.Q. "ROQ;" PRICE ";PRICFE
530 LPRINT “"AVSTOCK";MSTOCK

540 STOCKPRICE = MSTOCK*PRICE .

550 LPRINT"AVERAGE STOCK VALUE = ";STOCKPRICE
555 COVAR =SDDEM/AVDEM

557 COEFF=COVAR

560 LPRINT USING "COEFFICIENT OF VARIATION = £££.££";COEFF

570 IF COEFF >1 THEN LPRINT "DEMANDS ARE OUTSIDE NORMAL LIMITS OF SES"
580 IF COEFF <1 THEN LPRINT "DEMANDS ARE WITHIN LIMITS OF SES"
590 LPRINT

620 LPRINT USING "AVER.DEMAND = £££££.££";AVDEM

630 LPRINT USING "S.D. OF DEMAND = £E£E£EE.E£" ; SDDEM

640 LPRINT

650 STINC=INT(MXST/20)

660 STINC=5*INT(STINC/S)

670 IF STINC=0 THEN STINC=1

680 MXST=STINC* {INT(MXST/STINC)+1)

690 -FOR I=MXST TO 1 STEP -STINC

700 LPRINT I;TAB(6):"!";

710 FOR J=1 TO 22

720 IF STOCK(J)>=I THEN LPRINT "#";ELSE LPRINT "

730 NEXT J '

740 LPRINT " "

750 NEXT I

760 LPRINT " "

770 LPRINT " 1 10 20 30 40 "
780 PASS=PASS+1

790 IF PASS=2 GOTO 100

800 CO=20

810 CH=.17 .

820 ROQC =INT((SQR((2*C0*4*AVDEM)/(CH*PRICE)))+(3*SDDEM)4(LTINE*AVDEM))
830 ROLC=INT((LTIME*AVDEM)+{(AVDEM*2))

840 ROQ=ROQC -

850 ROL=ROLC

860 LPRINT:LPRINT:LPRINT

870 IF EOF(1) THEN GOTO 910

880 -GOTO 320 :

890 IF ERL=110 THEN RESUME 910

900 PRINT "ERROR ":ERR;" AT LINE ";ERL

© 910 END
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CHAPTER 8. EFFECT OF IMPLEMENTATION OF HYPOTHES INCLUDING CLASSIFICATION

8.1. Introduction. Classification, enabling the inventory to be sub

divided into homogeneous groups was and is the core of this research.
If the research can be regarded as successful then it is necessary to
take the study one stage further and demonstrate what implications the
findings will have upon the inventory. Will control be simpler, will
forecasting becoﬁe easier and more accurate, what will be the cost to

implement and what will be the return or bottom line.

8.2. Micro Inventory Command and Control System . The pursuit of

optimal inventories is a past time of academics. The real world is
composed mainly of those who resist change, especially that which they
do not comprehend. The Holy‘Grail for inventory control and fore-
casting is however to build the ultimate system which allows total
manipulation of every item within the inventory and produces the opti-
mum level for each item with regard to stocks and service level. The
original definition almost unchanged since the 1920's of the right
item in the right place at the right time at the best price has always
c§nsumed managerial effort. Distribution technology has concentrated
on reducing warehouse costs, stock levels, transportation and manpower
input. The evolution from EOQ through DRP, MRP, TDC and more lately
ILS have not. always brought fuli benefits, especially in managerial
effort.

The model proved to have the facility to segregate items by their

individual profile and demand characteristics. What was eventually
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produced was a crude but efficient Micro Inventory Command and Control
System. The complexity of the model, with regard to the step func-
tions, not mathematical calculations, increases the computer time
required for control. The system cannot be implemented using certain
companies present hardware and configurations. Alternative options

are however to:

a. Subdividé the inventory into its homogeneous groups and
control these on smaller faster more modern computers.
b. Subdivide the inventorf into acﬁive and passive and>oﬁly
control those active items (lock the door and throw the away the

key).
c. Replace the existing hardware.

The most crucial element of change in the present time is however the
bottom line with regard to finance. The alternative method of viewing
inventory prepared in the thesis and the options possible for control
allow the modern day progressive company the facility to analyse their
stock in an alternative way. Inventory is and will remain an overhead
within most if not all organisations. It has been argued that inven-
tory can never be regarded as a profit centre but neither must it be
regarded as a loss area. The more fashionable §iew is to regard it as
a value adding area of business. It may therefore be more correct to

say that inventory should add the maximum value for the minimum cost.
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1. Variable

Stock
Costs
. 4, Fixed
2. Variable Overhead
Management Cost
Costs
3. Variable
Warehouse

Costs

The benefits of the proposed system allows reductions in the 3 main
cost bearing areas (1-3). Thé initial significant saving will occur
on first implementation. This will not be achieved without some minor
penalty. Some stock which is subsequently required will be removed
from the inventory, some will be retained which should be removed.
The risks are however, when compared with the savings, acceptable.
The saving within the 3 areas will cover sufficient extra major
equipment/expenditure to alow increased cover should mistakes be made.

The expected savings in the 3 areas are:

a. Stock costs.
b. Mgt costs.

c. Warehouse costs.

These figures are based on a full sample run of 1000 and have
deliberately been biased towards safety. (For those items which were

considered as being either significant or insignificant a grading of



significant has been given). It should also be noted that for those
significant items with zero usage over a 3 year period disposal has

not been included.

8.3. Alternative ?orecasting Techniques. The use of multiple fore-

casting systems can increase the complexity and cost of inventory
managemenf out of proportion to the need to be tot#lly accurate. The
model in Chapter 7 was constructed with this principle as a constant
constraint. The cut off level for what is insignificant is extremely

éifficult to ascertain or justify. If the cost to order and the cost
of disposal are both for example £40 is there any saving in disposing
of an asset worth £1. Obviously it is dependent on the cost to hold,
the management effort and the number of similar type items in the
inventory. Assuming the inventory is well run and does not contain
excessive non-moving stock then it would be unacceptable to change the
forecasting method for such an item as this would be a waste of time
and effort. Within the context of the hypothesis forecasting accuracy
is worth pursuing for those items which are 1. significant 2.
Expensive, 3. fast moving. There is a tendency within public bodies,
whiﬁh is'not reflected in profit orieptated systems, to concentrate
considerable effort on slow moving erratic usage items. Whilst these
may represent a significant percentage of the inventory (between 20
and 607 of the companies studied) the throughput is less than 1% of
the total budget. Their forecasting is of no interest but their

retention in the inventory represents a constant out turn for



minimal gain. Classification once implemented will allow considerable
weeding of these parasitic elements of inventory. Those items which
‘are already forecastable/stable are not of any further interest as
they can be dealt with simply using one of many forecasting options.
The first 4 stages of the model therefore removed from the fieid for

analysis those items already catered for by the simplest system.

Sample 1 - 1 x100 = 79.6%
Sample 2 -~ %g- x 100 = 89.6%
99

l

Sample 3 - x 100 = 997

(=]
o

Those still remaining fell into the A and B categories of the Pare to
analysis. Their demand patterns were not accurately forecastable using a
simple exponential smoothing system. Even though no attempt has been
made to use any other system to forecast them over the last 15 years!
The argument against any gdditional effort might perhaps have been
that they represent only 4% of the inventory! Their turnover however
represents between 507 and 80% of budget expenditure (in the research

companies).

"~ All of the research companies bar 2 use simple exponential smoothing
(SES). Their systems all depended on the validity of historical data,
whether MRP or SES was being used. MRP when used with Time Scheduling
appeared to represent a significant improvement but this could not be
verified as data from the previous control system was not credible
(between 50 and 70 percent accurate). The majority of the companies .

have found that their demand pattern has been influenced by their need
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~ to operate their base warehouses in both a wholesale and retail
fashion. Through varying degrees of complexity these two unrelated
methods of distribution have been combined to create a demand pattern.
The most.drastic but obvious way to resolve this problem is & redesign
of the distribution system. This wouldrprobably be unacceptable by
ménagement. The remaining option therefore is to have a series of
forecasting models which can improve the‘degree‘of accuracy. All of
the companies had the ability to manipulate the SES systems to cater
for positive or negative trend. None appeared to allow either their
computer or their provisioners to use these systems. In fact most
argued tﬁat their provisioners were not sufficiently trained to
operate complex systems. SES whilst not perfect is quite capable of
maintaining an acceptable degree of accuracy as long as the weighting
is manipulated quickly. Ihere is no appreciable advantage from
imposing an alternative system, especially for negative trend. It is
probable that a rising trend is best forecast by pure management
intervention and from research. Within retailing Divisions such as 3M
and Boots new products have appointed managers. Within public bodies

it is generally managers who have products!

Throughout, the thesis, has argued against complex systems. To
attempt therefore at this stage to introduce highly complex technique
such as regression analysis would be incorrect. One of the premises
which was repeated throughout Chapters 3, 4 and 5 was that no fore-
casting system will ever be totally accurate. In order to assess

whether



there was any improvement by using alternative systems 6 years
worth of data was used for those items that fell out of the model
as problem cases. The following forecasting methods were used to
assess the relevance of the additional effort required:

a. SES. d.Holts-Winters Method

b. Focus Forecasting. e. Arithmetic Mean.

c. Holts Method.
In none of the tests was any forecasting model capable of dealing
with the erratic demand.

8.4.8ervice Level for Insignificant Item Headings. The

classification allows alternative service level options to be
implemented. Stock out of important items,from an operational view,
should be avoided wherevef possible, even at the cost of economy.
Insignificant items however should not attract the same high
service level. If the present stocks of inventory can be regarded
as excessive this is partly due to the blanket application of
formula and policy over the complete inventory. Having identified,
even inaccurately,significant and insignificant (with the error
biased toward those items classed significant) then the captive
customer can be forced to wait before receiving those items that
do not prevent him from carrying out his operational task (see
Chapter 5 paragraph 5.2 for a fuller development of this
hypothesis). Whether or not the forecasting of insignificant items

- is correct as long as the formula errs towards understocking



this is sufficient. Excess stocks can be easily identified by
using policy constraints eg no more than 4xFQD' s total holdings
etc.

However the level of stockholding is still artificially raised by
maintaining an equivalent service level to that of significant
stock. It 1is therefore argued that having identified the
insignificant stock then the safety level should be reduced. The
graph below shows the level of saving that can be achieved should

this approach be adopted.

Saving 7%
2

. TN
6 N
| s N

0 6 10 1% 20 26 30 35 40 46 50 655 680 B5 70 76 B0 865 90 96 100

Service Level %
—— Sample 2 ~—F— Sample 3 ¥ Sample 1

Figure 8—-1



8-9

8.5 COMPARISONS

Comparisons between inventories should only be made when:

a. Data can be proved accurate.
b. Analysis methods are comparable.
Cc. The‘;easons for carrying inventory are similar.
d. The type of inventories are similar regarding:
(1) Product profile.
(2) sSize.
(3) Depth of stock.
(4) Population and number of customers.
(5) Demand Profile is equatable.
e. The control mechanism and policy constraints do not diverge
significantly.
f. Missions are similar.
g. Stock out risks are similar.
h. Calculations relating to efficiency use the same formula.
i. Incentives for success are the same.

Staff technical abilities, training and incentives are similar.
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CHAPTER 9. CONCLUSIONS AND FURTHER WORK

9.1 1Introduction. Since submitting the thesis the student has reverted
from the theoretical pastime of the academic to the real world of inventory
control. This chapter not only deals with the hypothesis conclusions but

relates the effect of implementation of elements of the thesis to date.

9.2. Forecasting and Inventory Control. The thesis advocated that the

classification of inventory*would’enable greater control of large inventories

;allowing:
a. Flexibility of systems.
b. Greater automation.
c. Increased application of discrete policy for sub groups.
d. The improved identification of sub groups.

9.3. The significant dependent sub group was the first area singled out for
attention. A satellite MRP system has been introduced and reprovisioning for
these items is now being undertaken using the'Bill of Materials for their
parent equipments. This sub section of inventory has a mean leadtime of 24
months. Provisioning has been initiated for 92/93 and 93/94. This system,
running in parallel to an SES forecasting model is expected to increase the

availability of significant dependent spares to 100% over the next four years.

9.4. The significant independent category, whilst not forecastable to any
degree of accuracy is forming the basis for a trial which allows greater
automation and flexibility of systems. The recommendations for the trial
utilising EDI techniques from secondary through Primary directly to contractor

are expected to become operational in November 1990.
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9.5. Insignificant items whether dependent or independent have initially
been inhibited and their PRF's suppressed. ‘This action in line with the
thesis hypothesis has realised significant financial savings which as at

1 April 1990 were recoded as £909,000.

9.6. Differing service level settings for the variable sub divisions of
inventory have been presented to Senior Management and ratification is

awaited.

9.7. The hypcthesis that all inventories contain sub-elements of inventory
which do not respond to blanket policy has been accepted and these groups
are in the process of identification. The conccpt of using electronic tags
which relate to primal variables is in the staffing chain. The primal

~variables within the inventory have been identified as:
a. Product characﬁeristics.
b. Lead time.
c. Customer operation and offtake.
d. Demand pattern and offtake.
e. Repair characteristics.
f. Distribution parameters.

9.8. The control of inventory by multiple ABC analysis related to classifi-
cation has been extrapolated to the complete inventory and recommendation for

the reorganisation of provision resources to improve control methods proposed.

9.9. Policy. The érocess of identifying significant elements of the inventory

has not been confined to sub division alone. Inventory Policy as stated in
Chapter 3 forms a major part of inventory control. 1In the process of intro-
ducing change to the inventory system the following major policy changes have

also been addressed:
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a. The forecasting formula used at secondary depots have been amended
in line with Primary changes. This action is complete for the major

secondary depot and all secondary depots will be amended by 1991.

b. The SPS has been reviewed and changes to the peace time supply

methods proposed.

C. Base line data at primary level was found to be corrupt and the
process of rectifying this has commenced. It was found that sub
division of the inventory was only partially successful until data was
credible. The data was believed accurate prior to the attempt to shb
divide. The spin-off of sub division in the first instance therefore

was greater awareness of the real situation.
d. The communication system to secondary depots was incapable of
dealing with demands for significant dependent/independent offtake.

This has been reviewed and new systems have already been installed in

2 locations.

9.10. Further Areas for Study. The foliowing areas should be considered for

further study:

a. Communication integration.

b. Artificial Intelligence.

9.11. Communication Integration. Electronic Data interchange is still in

its infancy. It has been retarded by the proliferation of operating systems
and the narrow minded approach of its users. The move to IBM standard
operating systems énd the gradual definition of standards of data output
increase the flow of information. Potentially information could flow from
the customer, throughout the logistics organisation gnd finally to the

ultimate supplier. The subdivision of inventory allied with electronic
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tagging will enable'this complete flow to be effected without management
interference. Management Policy, constraints and conditions, would be
targetted against each sub division which could be a few or many hundereds
of part numbers. The ultimate goal of such an extrapolotion would be a

data communication system which would result in a zero stock inventory.

9.12. Artificial Intelligence. 1In order to achieve the correct constraints

and conditions for a stockless inventory the computer system would be
required to select suites of Policy which governed each sub division.
Artificial Intelligent systems have the capability to provide this form of

Policy'which would be amended, updated and controlled by management.
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